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Objective
The authors provide the results of follow-up evaluation after combined surgical and
radiologic management of 89 patients with major bile duct injuries during laparoscopic
cholecystectomy.

Summary Background Data
The incidence and mechanism of injury of major bile duct injuries during laparoscopic
cholecystectomy has been clearly defined. Furthermore, a number of series have described
the management of these injuries by surgical, endoscopic, and radiologic techniques with
excellent short-term results. Long-term follow-up data, however, are lacking in the
management of these injuries.

Methods
Data were collected prospectively on 89 patients treated at a single institution with major
bile duct injuries after laparoscopic cholecystectomy managed between July 1, 1990, and
July 1, 1996. Patients referred with injuries underwent early percutaneous transhepatic
cholangiography and biliary drainage. Based on the cholangiographic appearance and
clinical situation, patients were managed by either percutaneous balloon dilatation or

surgical reconstruction with a Roux-en-Y hepaticojejunostomy with transanastomotic
stenting. Follow-up was obtained by personal interview during October 1996.

Results
Two patients died without an attempt at definitive therapy. Both deaths were caused by
sepsis and multisystem organ failure present at the time of transfer to the authors'
institution. The remaining 87 patients were managed initially by either balloon dilatation (N
= 28) or surgical reconstruction (N = 59). Ten patients have not completed treatment and
still have biliary stents in place. Evaluation of 25 patients completing treatment after balloon
dilatation (mean follow-up, 27.8 months) showed a success rate of 64%. Evaluation of 52

patients completing treatment after surgical reconstruction (mean follow-up, 33.4 months)
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showed a success rate of 92%. All failures were managed successfully by either surgical
reconstruction or balloon dilatation.

Conclusions
Major bile duct injuries can be managed successfully by combined surgical and radiologic
techniques. This series provides, for the first time, significant follow-up on a large number
of patients with overall success rates of 64% after balloon dilatation and 92% after surgical
reconstruction. The combination of surgery and balloon dilatation resulted in a successful
outcome in 100% of patients treated.

Laparoscopic cholecystectomy has altered dramatically
the management of patients with cholelithiasis. This pro-
cedure has rapidly gained acceptance as the treatment
of choice for most patients with symptomatic gallstones
because of the minimal pain and disability associated with
the procedure. However, compared to open cholecystec-
tomy, the incidence of bile duct injury appears to be
increased, resulting in significant morbidity, high finan-
cial costs, and a major increase in litigation.'`' In the past
few years, the incidence4-'0 and the mechanisms2"1-13 of
bile duct injury during laparoscopic cholecystectomy
have been well defined. A number of series describing
the management of bile duct injuries after laparoscopic
cholecystectomy by surgical,'2"','114-8 endoscopic,1821
and percutaneous techniques22'23 have been reported with
excellent short-term results. At this point, however, long-
term follow-up data are lacking. The goal of this report
is to evaluate the outcome of combined surgical and radio-
logic management of major bile duct injuries after laparo-
scopic cholecystectomy with respect to long-term follow-
up.

CLINICAL MATERIAL AND METHODS
Data were collected prospectively on all patients treated

at The Johns Hopkins Hospital for major bile duct injuries
before July 1, 1996. All patients had undergone laparo-
scopic cholecystectomy for treatment of benign biliary
tract disease. Major bile duct injuries included transec-
tions or partial lacerations of the common hepatic or com-
mon bile duct or major segmental ducts injured at the
porta hepatis. Cystic duct leaks or bile leaks from the
gallbladder bed after laparoscopic cholecystectomy were
excluded. Bile duct injuries after open cholecystectomy
and other upper abdominal operations were also excluded.
A total of 89 patients were managed during this period.
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In seven patients (7.9%), the injury occurred during lapa-
roscopic cholecystectomy at The Johns Hopkins Hospital,
whereas the remaining 82 patients were referred after
injury at an outside hospital. The initial management of
all the patients referred with a bile duct injury consisted
of a percutaneous transhepatic cholangiogram and place-
ment of percutaneous biliary catheters. In those patients
with injuries at or near the hepatic bifurcation, both the
right and left hepatic ductal systems were accessed with
transhepatic catheters. In patients with ongoing biliary
leaks, percutaneous drainage of bile collections or ascites
was also performed as indicated. It is our practice in such
patients to control the biliary leak and associated sepsis
and then allow a period for resolution of the associated
inflammation. In many cases, after control of the bile
leak, the patient was discharged to home and returned for
definitive repair at a later date.

In those patients in whom biliary-enteric continuity was
intact and percutaneous dilatation and stenting was an
option, the decision to pursue this alternative versus surgi-
cal repair was based on the clinical assessment of the
surgeon and interventional radiologist. If the option of
percutaneous dilatation and stenting was chosen, the need
for repeat dilatation, the length of stenting, and the deci-
sion to abandon this technique in favor of surgical recon-
struction again was based on the clinical judgment of the
treating surgeon and radiologist.

Surgical management consisted of a Roux-en-Y hepat-
icojejunostomy. All procedures were performed elec-
tively with one to three biliary catheters placed before
surgery to facilitate the operative procedure.24 After iden-
tification and mobilization of the proximal hepatic duct,
the preoperative catheters were exchanged for larger soft
silastic stents. A Roux-en-Y limb of jejunum, 50 to 60
cm in length, was created, and an end-to-side hepaticojej-
unostomy was performed with the stents placed through
the anastomosis.
The anastomoses were performed routinely with inter-

rupted absorbable suture with the Roux limb placed in a
retrocolic position. The perianastomotic area was drained
with closed suction drains. In the immediate postoperative
period, the stents were left to external drainage. At post-
operative day 4 or 5, a cholangiogram was performed,
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Figure 1. Year of presentation of major bile duct injuries after laparo-
scopic cholecystectomy (* represents through July 1, 1996).

and if the study was satisfactory, the stents were internal-
ized, and the patient's hospital course was completed as

directed by the surgical staff. The silastic stents were

changed routinely on an outpatient basis every 2 to 3
months. The length of postoperative stenting was deter-
mined by the treating surgeon based on the clinical sce-

nario, the location of the injury, and the follow-up cholan-
giographic appearance. In most patients, a biliary Whi-
taker study25 and 2-week clinical trial with the stent
positioned above the anastomosis were completed before
stent removal.
A patient's treatment was considered complete at the

time of removal of all biliary stents. The length of follow-
up was considered from the time of the patient's definitive
surgical or radiologic procedure. Follow-up evaluation
results were obtained by review of the patient's Johns
Hopkins Hospital and Outpatient Center medical records
and/or by personal telephone interview conducted during
October 1996. Outcome was assessed subjectively by his-
tory with symptoms of abdominal pain, fever, chills, and
jaundice being noted. The results of any diagnostic evalu-
ation or therapeutic procedures performed after comple-
tion of the treatment were recorded and confirmed by
hospital records.

Patients' current status was rated subjectively as excel-
lent if they had no symptoms attributable to their biliary
tract injury or reconstruction and rated good if mild symp-
toms, not requiring invasive investigation or treatment,
were present. Patients classified as either excellent or

good were considered to be a treatment success. Patients
were considered to be a treatment failure if a second
therapeutic procedure, either surgical or radiologic, was

necessary to treat ongoing symptoms or stricture recur-

rence. These definitions were consistent with an earlier
report from this institution.26

Statistical comparisons were made using Student's t
test and Fisher's exact test as appropriate. Actuarial suc-
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Figure 2. Age distrbution of patients with major bile duct injuries after
laparoscopic cholecystectomy.

cess rates were analyzed by the Mantel-Cox technique. A
p value of <0.05 was considered statistically significant.

RESULTS

Patient Characteristics, Prior
Management, and Presentation

Eighty-nine patients with major bile duct injuries have
been treated at The Johns Hopkins Hospital since the
initial patient was referred in August 1990 (Fig. 1). Sev-
enty-two patients (81%) were female. The average age

of the patients was 41.2 years (range, 22-78 years; Fig.
2). Eighty-two patients (92.9%) had undergone laparo-
scopic cholecystectomy at an outside hospital and were

referred with a presumed or confirmed bile duct injury
(Table 1). In 26 patients (31%), the bile duct injury had
been recognized at the time of laparoscopic cholecystec-

Table 1. PRIOR MANAGEMENT OF 82
PATIENTS REFERRED WITH MAJOR BILE

DUCT INJURIES

Management No. (%)

Injury recognized at time of laparoscopic
cholecystectomy 26 (31)

Repair at initial operation 26 (100)
End-to-end ductal 14 (54)
Hepaticojejunostomy 12 (46)

Injury recognized in postoperative period 56 (69)
Attempt at repair pror to referral 18 (32)

End-to-end ductal 6 (33)
Hepaticojejunostomy 12 (67)

Exploratory laparotomy for bile leak without repair 9 (16)
Total prior attempts at repair 44 (54)

End-to-end ductal 20 (45)
Hepaticojejunostomy 24 (55)

Total prior laparotomy 53 (65)
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tomy, and the patient was converted to an open procedure.
Management at that time consisted of an end-to-end pri-
mary ductal anastomosis in 14 (54%) of the 26 patients,
whereas in the other 12 patients, a biliary-enteric anasto-
mosis was constructed. In 56 patients, the injury was not
recognized at the time of laparoscopic cholecystectomy.
In 18 of these patients, at least 1 attempt at biliary recon-
struction was made before referral. These procedures in-
cluded 6 end-to-end primary repairs and 12 biliary-enteric
reconstructions. One patient had undergone two laparoto-
mies for attempt at repair. In that patient, a hepaticojeju-
nostomy was constructed when an injury was recognized
at the time of laparoscopic cholecystectomy, followed 1
week later by a second laparotomy in an attempt to repair
an ongoing biliary leak.

Nine additional patients had undergone laparotomy for
a biliary leak with external drainage without attempt at
reconstruction. In one patient, two laparotomies were per-
formed and in another patient, a partial left hepatic lobec-
tomy was performed for hepatic ischemia due to a con-
comitant vascular injury. In total, 44 (54%) of 82 patients
referred from outside hospitals had undergone an attempt
at repair, whereas 53 (65%) of the 82 patients had under-
gone at least 1 laparotomy in an attempt to manage the
injury.
The interval from laparoscopic cholecystectomy to re-

ferral to The Johns Hopkins Hospital ranged from 1 day
to 48 months with a mean of 7.7 months for all 82 patients
referred. The interval was <1 month in 35 patients (43%)
and longer than 12 months in 13 patients (16%). In 31
patients (38%), an ongoing biliary leak (bile ascites or
peritonitis, a biloma or abscess, or an external fistula)
was present at the time of referral. In 30 patients (37%),
obstructive jaundice was the primary reason for referral,
whereas in 18 patients (22%), cholangitis was the major
indication. All patients referred with cholangitis had un-
dergone an attempt at biliary reconstruction before refer-
ral. In the remaining three patients, a biliary stent (two
percutaneous transhepatic and one endoscopic) had been
placed after a cholangiogram, which had showed a biliary
injury. These patients were referred without active chol-
angitis or jaundice for definitive management of the in-
jury.

Seven patients underwent biliary reconstruction after
laparoscopic cholecystectomy performed at Johns Hop-
kins. In five of these seven patients (71%), the injury was
recognized at the time of laparoscopic cholecystectomy,
and the patient was converted to an open procedure. In
four patients, reconstruction with a Roux-en-Y hepatico-
jejunostomy with intraoperative placement of transhepatic
silastic stents (one stent, three patients; two stents, one
patient) was performed. In the fifth patient, a primary end-
to-end ductal anastomosis over a T-tube was completed.
Jaundice developed in the sixth patient in the early postop-

erative period, who then underwent percutaneous transhe-
patic cholangiography, which showed complete obstruc-
tion of the common hepatic duct. A transhepatic biliary
catheter was placed, and definitive repair was performed
during the same hospitalization. The final patient pre-
sented with obstructive jaundice 3 months after a laparo-
scopic cholecystectomy performed for acute cholecystitis.
Her initial operative procedure and postoperative course
had been uncomplicated. At the time of her presentation,
she underwent a percutaneous transhepatic cholangio-
gram, and a Roux-en-Y hepaticojejunostomy was per-
formed for a bile duct stricture.

Management
Percutaneous transhepatic cholangiography was per-

formed and percutaneous biliary catheters were placed
shortly after admission in all patients referred with sus-
pected bile duct injuries. In 31 patients (38% of patients
referred), an ongoing biliary leak was shown. In those
patients without prior external drainage of the leak, percu-
taneous drainage of bile ascites or a bile collection was
performed. In only one patient was early operation neces-
sary to drain an infected bile collection.

There were two deaths in the series for an overall mor-
tality of 2.2%. Both patients were older men (ages 62
and 72) who were septic with multisystem organ failure
secondary to ongoing biliary leaks at the time of transfer
to The Johns Hopkins Hospital. The first patient had un-
dergone a hepaticojejunostomy and a second laparotomy
to repair an ongoing bile leak before referral. The second
patient had undergone two laparotomies for intra-abdomi-
nal sepsis due to a bile leak, but no biliary reconstruction
had been attempted. Both patients underwent successful
percutaneous transhepatic cholangiography and place-
ment of biliary catheters, and the biliary leak appeared to
be controlled. No intra-abdominal collections were seen
on computed tomogram scan. Both patients died from
multisystem organ failure without a surgical procedure
being performed. In all other patients, the leak and associ-
ated biliary sepsis was controlled. Thirteen patients (45%)
presenting with a bile leak eventually were discharged
after referral and subsequently readmitted for definitive
surgical reconstruction at a mean of 4.7 weeks (median,
5 weeks; range, 2-6 weeks). There were no deaths in
any of the 87 patients undergoing definitive management
at The Johns Hopkins Hospital either by surgical recon-
struction or percutaneous dilatation during the immediate
post-treatment period or throughout the follow-up period.

In 28 (32%) of the 87 surviving patients, percutaneous
dilatation and stenting was performed as the initial at-
tempt at definitive management (Table 2). All 28 patients
had undergone a prior attempt at bile duct repair, therefore
representing 64% of patients referred with a prior biliary

Ann. Surg. * May 1997



Follow-up After Laparoscopic Bile Duct Injury 463

Table 2. PREVIOUS REPAIR,
PRESENTING SYMPTOMS, LEVEL OF
OBSTRUCTION, AND USE OF STENTS

Balloon Surgical
Dilatation Reconstruction

Previous repair
End-to-end ductal
Biliary-enterc

Presenting symptoms
Jaundice
Biliary leak
Cholangitis
None
Recognized at laparoscopic

cholecystectomy
Level of obstruction

Bismuth 1
Bismuth 2
Bismuth 3
Bismuth 4
Bismuth 5
Isolated RHD

Use of stents (no.)
1
2
3

Dilatations (no.)
1
2
3+

(N = 28)
[no. (%)]

28* (100)
11 (39)
17 (61)

1 1 (39)
8 (29)
8 (29)
1 (4)

6t (21)
12 (43)
6 (21)
3 (11)
1 (4)

15 (54)
1 1 (39)
2 (7)

18 (64)
8 (29)
2 (7)

(N = 59)
[no. (%)]

15 (25)
9 (60)
6 (40)

21 (36)
21 (36)
10 (17)
2 (3)

5 (8)

3 (5)
20 (34)
21 (36)
7 (12)
3 (5)
5 (8)

20 (34)
36 (61)
3 (5)

RHD = right hepatic duct.
* p < 0.001 vs. surgical repair.
t p < 0.05 vs. surgical repair.

reconstruction. These prior repairs consisted of an end-
to-end duct repair in 11 patients (39%) and a hepaticojeju-
nostomy in 17 patients (61%). Eleven (39%) of the 28
patients presented with obstructive jaundice, 8 patients
(29%) with a biliary leak, and 8 (29%) with episodes of
cholangitis. One patient was asymptomatic after percuta-
neous drainage at an outside hospital. The interval from
injury to referral ranged from 1 week to 40 months (mean,
7.8 months; median, 2 months). Twelve patients were

referred at 1 month or less after injury. The level of the
injury with respect to the confluence of the hepatic ducts,
as described by Bismuth,27 is listed in Table 2. The num-

ber of stents and the number of dilatations performed also
are included in Table 2.

In 59 (68%) of the surviving 87 patients, the initial
definitive management consisted of surgical biliary recon-

struction. Only 15 (25%) of these patients had undergone
an attempt at repair before treatment at Johns Hopkins.
The previous repairs consisted of nine end-to-end ductal

repairs (60%) and six hepaticojejunostomies (40%).
Twenty-one (36%) of the 59 patients presented with a
biliary leak, 21 patients (36%) presented with obstructive
jaundice, 10 (17%) with cholangitis, and 2 (3%) were
asymptomatic after stenting at an outside hospital. In five
patients, the duct injury was recognized during surgery
at the time of laparoscopic cholecystectomy at Johns Hop-
kins. The interval from injury to management (excluding
intraoperatively recognized injuries) ranged from 1 day
to 48 months (mean, 6.3 months; median, 1 month). The
Bismuth level of injury and the number of stents used
during the reconstruction are listed in Table 2.
The two groups of patients undergoing balloon dilata-

tion and surgical reconstruction were similar by most pa-
rameters. Patients undergoing balloon dilatation were
more likely to have undergone a previous attempt at repair
(p < 0.001) and to have a lower (Bismuth 1) level of
injury (p < 0.05).
The length of postoperative stenting was determined

in all patients and was defined as short-term (<4 months),
intermediate (between 4 and 9 months), and long-term (9
months or longer). In seven patients, all <1 year after
surgery, the stents are still in position and therefore the
total length of stenting cannot be determined. In 6 (12%)
of the remaining 52 patients, the length of stenting was
classified as short-term, in 11 patients (21%), the stenting
was continued for an intermediate period, and in 35 pa-
tients (67%), the long-term stenting was maintained for
longer than 9 months. The longest period of postoperative
stenting was 14 months.

Outcome
Current follow-up as of October 1996 is available for

86 of 87 surviving patients. The follow-up period for all
patients ranges from 4 to 75 months (mean, 31.4 months;
median, 28.5 months). At this time, 10 patients (11%)
have not completed their course of treatment and have
biliary stents in place. Three patients have undergone
percutaneous biliary dilatation with their initial dilatation
4, 9, and 10 months ago. Seven patients not completing
treatment have undergone biliary reconstruction and cur-
rently are 4, 5, 6, 7, 8, 8, and 9 months after the procedure.
The only patient lost to follow-up was doing well when
last seen as an outpatient 4 months after stent removal
and 16 months after a hepaticojejunostomy.
The current status of the 25 patients who have com-

pleted therapy after balloon dilatation as their initial ther-
apy has been excellent (N = 12) and good results (N =
4) in 16 patients, representing an overall success rate of
64% (Table 3). The actuarial success for balloon dilata-
tion as an initial treatment is shown in Figure 3. The
range of follow-up is from 4 to 64 months with a mean
follow-up of 27.8 months and a median follow-up of 23
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Table 3. OUTCOME FOLLOWING INITIAL
TREATMENT OF MAJOR BILE

DUCT INJURY*

Balloon Surgical
Dilatation Reconstruction

Number 25 52
Outcome
Success 16 (64%)t 48 (92%)

Excellent 12 (48%)t 41 (79%)
Good 4 (16%) 7 (13%)

Failure 9 (36%)t 4 (8%)
Predictors of outcome (no. of

failures/total patients)
Previous repair 9/25 3/12

End-to-end ductal 4/10 2/8
Hepaticojejunostomy 5/15 1/4
None 1/40**

Presenting symptom
Jaundice 1/9 3/21
Biliary leak 6/8§ 2/27
Cholangitis 2/7 0/9

Bismuth class
1 and 2 3/16 1/20
3, 4, 5 6/811 2/27
RHD 1/5

Interval to referral
'1 month 7/11 1/16
>1 month 2/14¶ 3/36

RHD = right hepatic duct.
* Includes only 77 patients completing treatment.
t p < 0.002 vs. surgical reconstruction.
t p < 0.01 vs. surgical reconstruction.
§ p < 0.05 vs. jaundice/cholangitis.
p < 0.05 vs. Bismuth 1 and 2.

¶ p < 0.05 vs. -1 month.
p < 0.05 vs. previous repair.

months. There have been nine failures of percutaneous
dilatation for a 36% failure rate. Factors potentially pre-
dicting outcome are listed in Table 3. In five of these
patients, the original outside repair had been a hepaticojej-
unostomy, whereas in the four other failures, an end-to-
end ductal anastomosis had been performed. Presentation
with a bile leak, a Bismuth classification of level 3 injury
or higher, and an interval to referral of <1 month ap-
peared to be predictors of a poor outcome. The interval
from initial dilatation to failure ranged from 4 to 17
months (mean, 8.2 months; median, 6 months). Eight of
the nine patients subsequently have undergone surgical
biliary reconstruction at Johns Hopkins. The ninth failure
was managed by repeat percutaneous dilatation at a center
closer to his home with excellent results.
The current status of the 52 patients completing therapy

after surgical reconstruction as the initial management is
an excellent outcome in 41 patients and good results in
7 patients for an overall success rate of 92% (48 of 52

patients) (Table 3). The actuarial success for surgical re-
pair as an initial therapy is shown in Figure 3. The success
rate for surgical repair was significantly better than for
balloon dilatation (p < 0.002). The range of follow-up is
from 4 to 75 months with a mean follow-up of 33.4
months and a median follow-up of 29 months. There have
been four failures of surgical management occurring at
8, 13, 21, and 27 months. Factors potentially predicting
outcome are listed in Table 3. Three of the four failures
had undergone a repair before referral to Johns Hopkins.
The Bismuth classification was level 2 in one patient and
level 4 in two patients. The remaining patient had an
injury that was an isolated transected right hepatic duct
and had presented with a bile leak. Three of the four
failures were managed by percutaneous dilatation with
excellent or good results in all three patients with follow-
up of 17, 22, and 39 months. The fourth patient underwent
a revision of his hepaticojejunostomy and has had an
excellent result at 22 months of follow-up.
The length of postoperative stenting was of intermedi-

ate length in two of the patients who did not respond to
surgical repair and long-term in the remaining two pa-
tients. The length of stenting was not significant as a
predictor of outcome.
As discussed above, all patients who failed their initial

management with either balloon dilatation or surgical re-
construction currently are considered a treatment success
after a second procedure. Therefore, of the 77 patients
who have completed therapy, including both primary
management and additional treatment for an unsuccessful
initial result, a successful outcome has been achieved in
100% of patients. In 28 patients who completed therapy
after balloon dilatation, performed as either initial therapy
or as therapy after a failed hepaticojejunostomy per-
formed at this institution, an overall success rate of 68%
was seen (mean follow-up, 27.7 months; median follow-
up, 22.5 months). Similarly, a total of 61 patients have
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Figure 3. Actuarial success rate for surgical repair and balloon dilata-
tion as the initial treatment for bile duct injuries after laparoscopic chole-
cystectomy. The difference is highly statistically significant (p < 0.002).
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completed therapy after surgical reconstruction either as a
primary therapy or after failed dilatation with a successful
outcome in 93% (mean follow-up, 33.2 months; median
follow-up, 29 months). The overall success rate associated
with surgical repair was statistically better than that ob-
served with percutaneous dilatation (<0.002).

DISCUSSION
Since its introduction in the late 1980s, laparoscopic

cholecystectomy has gained widespread acceptance
among surgeons and the public and has essentially re-
placed open cholecystectomy as the treatment of choice
for symptomatic gallstones. Compared with open chole-
cystectomy, laparoscopic cholecystectomy is associated
with less postoperative pain, a shorter hospital stay, earlier
return to work, and a better cosmetic outcome.28 Unfortu-
nately, compared to open cholecystectomy, laparoscopic
cholecystectomy appears to be associated with an increase
in the incidence of bile duct injuries. Before the introduc-
tion of laparoscopic cholecystectomy, the incidence of
major bile duct injury was considered to be 2 to 3 injuries
per 1000 procedures.13'2930 Roslyn et al.30 analyzed the
results of more than 42,000 open cholecystectomies per-
formed in the United States in 1989 and found the inci-
dence of bile duct injury to be 0.2%. In a review by
Strasberg et al.'3 of more than 25,500 open cholecystecto-
mies reported in the literature since 1980, major bile duct
injury was reported in 0.3% of patients.
The incidence of bile duct injury during laparoscopic

cholecystectomy has varied from large single institution
series without a single biliary injury3l-34 to surveys encom-
passing thousands of patients from multiple hospitals with
the incidence of injury reported as high as 0.9%.4- 1035
The review by Strasberg et al.'3 of more than 124,000
laparoscopic cholecystectomies reported in the literature
found the incidence of major bile duct injury to be 0.5%.
It had been hoped, as most surgeons passed through the
"learning curve" of laparoscopic cholecystectomy, that
the incidence of injury would decline. Unfortunately, a
recent "steady-state" report of more than 10,000 cases at
U.S. military institutions by Wherry and colleagues'0 has
shown no significant improvement over the initial report
from the same institutions.9
As experience in the management of laparoscopic bile

duct injuries has been gained, the mechanisms of injury
have been established. Misidentification of anatomy ap-
pears to be the most common cause of laparoscopic bile
duct injury. The most common scenario, initially de-
scribed by Davidoff et al." at Duke as the "classic"
injury, involves mistaking the common bile duct for the
cystic duct. The structure then is clipped and divided.
Further retraction of the gallbladder will lead to a second
higher injury with division of the common hepatic duct

often as it approaches the bifurcation. This second ductal
injury often is described in the operative note as being a
"second cystic duct" or "an accessory duct." In some
cases, the right hepatic artery also is injured during this
process. If the proximal hepatic duct is not secured ade-
quately with clips, a bile leak develops with the patient
presenting in the early postoperative period with bile asci-
tes or peritonitis. This injury is particularly devastating
in that a complete transection of the biliary tree virtually
removes any possibility of nonoperative management by
either endoscopic or transhepatic technique and mandates
the need for surgical reconstruction of the biliary tree to
establish biliary-enteric drainage. In a series also reported
from Duke by Branum et al.,'6 this classic injury occurred
in 24 (63%) of 38 patients. Other less common mecha-
nisms of injury include a "tenting injury" in which the
common bile duct is pulled laterally at the time of occlu-
sion of the cystic duct and caught in the clip, thermal
injuries due to injudicious use of cautery or laser, exces-
sive application of clips to control bleeding in the area
of the triangle of Calot, and, finally, injuries to an aberrant
or low-inserting right hepatic duct.

Regardless of the nature of the injury, the majority
of biliary injuries are not recognized during the initial
laparoscopic cholecystectomy. In their initial series, Da-
vidoff et al." from Duke found that in all 12 patients with
major bile duct injuries, the injury was not recognized at
the time of laparoscopic cholecystectomy. In the current
series, fewer than one third of injuries were recognized
at the original operation, although in five of seven patients
at our own institution, the injury was recognized and
repaired successfully at the original laparoscopic proce-
dure. The failure to recognize an injury at the time of
laparoscopic cholecystectomy and the high incidence of
bile leakage in the postoperative period with resultant
sepsis and associated periportal inflammation can compli-
cate greatly the management of these patients.
The management of laparoscopic bile duct injuries has

been well defined by a number of authors." 2""1'14-23 We
believe that a patient with a suspected major bile duct
leak should not undergo immediate operation but rather
be evaluated completely before operative management
is considered. A computed tomogram scan is useful in
showing the presence of an intraperitoneal bile leak by
displaying either bile ascites or a "biloma." Endoscopic
retrograde cholangiography usually is readily available to
confirm the presence of an injury. However, in the classic
injury involving bile duct transection, the retrograde cho-
langiogram will only show a "cutoff' of the common
bile duct below the level of the cystic duct. It is essential,
therefore, that percutaneous transhepatic cholangiography
be performed to define the exact location and nature of
the injury as well as to define the anatomy of the proximal
biliary tree, which will be used for reconstruction. Percu-
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taneous transhepatic biliary catheters should be placed to
control the bile leak, and percutaneous drainage of the
intraperitoneal bile collection should be performed as in-
dicated. This management usually will result in immedi-
ate improvement of the patient. In many cases, this man-
agement will allow the patient to be discharged to home
for a period of a few weeks before surgical repair to allow
resolution of the inflammation and adhesions associated
with the bile leak. The standard operation for reconstruc-
tion of a major bile duct injury after laparoscopic chole-
cystectomy is a Roux-en-Y hepaticojejunostomy. The
transection of the bile duct and associated resection of a
segment of the duct usually precludes any attempt at pri-
mary end-to-end ductal anastomosis.

Using this or a similar management course, a number
of centers have reported excellent early results in the
management of laparoscopic bile duct injuries. 2,1 '4-21
In most series, surgical management has been necessary
in the majority of cases. Selected patients, however, have
been reported who have been managed successfully en-
tirely by endoscopic or percutaneous technique. 18-23 As-
bun et al.2 at The Lahey Clinic reported their preliminary
experience in the management of 15 repairs with a suc-
cessful outcome in all patients at a median follow-up of
10 months.2 In contrast, of the 38 patients with complex
major bile duct injuries managed at the Duke Medical
Center, 5 patients required reoperation and 1 patient re-
quired balloon dilatation for persistent or subsequent
problems.'6 Long-term outcome is not available in either
of these series.

Three other series stand out for both the number of
patients treated and their analysis of results. Perhaps the
best analysis of data from a large number of patients is
that provided by Stewart and Way36 who analyzed the
treatment of 88 patients who sustained bile duct injuries
during laparoscopic cholecystectomy. In this report, the
records of 85 patients who underwent a total of 112 biliary
repairs were reported. The series included 64 reparative
operations performed by the primary surgeon or a surgeon
of comparable experience as well as 46 surgical recon-
structions performed on 45 patients by tertiary care biliary
surgeons. Four factors determined the success or failure
of treatment in their series. These factors were the perfor-
mance of preoperative cholangiography, the choice of sur-
gical repair, the details of the operative technique, and
the experience of the surgeon performing the repair. The
importance of preoperative delineation of the anatomy
is defined clearly, because 96% of procedures in which
cholangiograms were not obtained before surgery were
unsuccessful and 69% of repairs were unsuccessful when
the cholangiographic data were incomplete. When cholan-
giographic data were complete, the initial repair was suc-
cessful in 84% of patients. The type of repair also was of
significant importance in influencing outcome. A primary

end-to-end ductal repair over a T-tube was unsuccessful
in all of those patients in which a complete transection
of the bile duct had taken place, whereas 63% of Roux-
en-Y hepaticojejunostomies were successful. Dilatation
and stenting was unsuccessful as a primary treatment in
all 3 patients in whom it was performed and successful
in only 7 (27%) of 26 patients in whom it was attempted
after previous operative repair. Attempts at repair per-
formed by the primary surgeon were successful in only
17% of cases and in no case was a secondary repair
successful. In those patients in which the first repair was
performed by a tertiary care biliary surgeon, a 94% suc-
cess rate was obtained.
A multicenter report by Woods et al.'8 from the Vir-

ginia Mason Clinic in Seattle, Washington, the Lahey
Clinic in Burlington, Massachusetts, and the Mayo Clinic
in Rochester, Minnesota, have reported the management
of 81 patients with biliary tract injuries occurring during
laparoscopic cholecystectomy.18 This series included 66
patients with major ductal strictures, leaks, or transec-
tions. In this report, a similar high rate of failure (94%
for biliary-enteric bypass) was observed after repair out-
side of the referral center. Conversely, all patients man-
aged by reoperation (N = 29) at the tertiary center and
10 of 11 patients managed by endoscopic stenting had a
successful result. Unfortunately, in neither the series by
Stewart and Way36 or the multicenter report by Woods
et al.'8 was long-term follow-up provided.

Perhaps the longest follow-up available after the man-
agement of major bile duct transections is reported by
Bergman et al.2' from the Netherlands in which 15 pa-
tients sustaining major bile duct injury were reconstructed
with a Roux-en-Y hepaticojejunostomy. At a median fol-
low-up of 25 months (range, 6-38 months) 5 (33%) of
the 15 patients required subsequent transhepatic balloon
dilatation or reconstruction with a secondary hepaticojeju-
nostomy.
A number of series have provided excellent long-term

results in the management of bile duct strictures occurring
before the laparoscopic era.26'3742 In most series, success
ful outcomes are reported in 80% to 95% of patients.
Whether the results of repair of bile duct strictures after
open cholecystectomy are transferable directly to the pa-
tients sustaining laparoscopic bile duct injuries is unclear.
It has been suggested that laparoscopic bile duct injuries
may have a less satisfactory outcome because of both the
more complex nature of many of the injuries and the
frequent association with significant inflammation and
fibrosis secondary to the bile leakage. Furthermore, the
high percentage of failed operations performed before
referral to a tertiary biliary tract surgical center may lead
to a poorer outcome.
The results of the current analysis provide, for the first

time, significant follow-up in a large number of patients
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with laparoscopic bile duct injuries undergoing both sur-
gical reconstruction and nonoperative percutaneous bal-
loon dilatation. These patients represent a heterogeneous
group of patients, including those in whom the injury
took place at our own institution, patients who were re-
ferred before any attempt at repair, and patients referred
after attempts at biliary reconstruction. In total, 54% of
the patients referred from outside hospitals had undergone
an attempt at repair before referral. Active ongoing biliary
leak was present in 38% and sepsis due to cholangitis
was present in 22% of patients at the time of referral to
our institution. The patients referred to our center with
injuries were all managed with combined radiologic and
surgical management. Preoperative imaging of the biliary
tree by way of the percutaneous transhepatic route and
placement of biliary stents were performed in all patients.
Subsequent management was based on the clinical sce-
nario and cholangiographic appearance with patients se-
lected accordingly for either primary management by ra-
diologic balloon dilatation or surgical repair.

Follow-up to the present time was obtained by direct
patient contact in 86 of 87 surviving patients and ranged
from 4 to 75 months with a mean of 31.4 months and a
median of 28.5 months. Primary nonoperative manage-
ment with balloon dilatation was associated with an over-
all success rate of 64%. In contrast, primary surgical man-
agement with hepaticojejunostomy was associated with a
success rate of 92%. Although this difference was statisti-
cally significant, we do not conclude that this study di-
rectly favors one treatment option over the other. Patients
undergoing balloon dilatation all had undergone a previ-
ous attempt at repair, and in a number of the cases, the
balloon dilatation option was aborted in favor of surgery
before completion of a full treatment course. Fortunately,
the 13 failures (9 dilatation failures and 4 surgical fail-
ures) were all salvaged by secondary management. There-
fore, using combined surgical and radiologic manage-
ment, 100% of patients have achieved a successful out-
come at the time of this evaluation.

Although the follow-up in this series is substantial,
continued surveillance and follow-up will be necessary.
Pitt et al.37 in their analysis of factors influencing the
outcome after repair of postoperative bile duct strictures
in the prelaparoscopic era have reported that only 68%
of recurrent strictures will have developed by 3 years
after repair. If this analysis, derived from open cholecys-
tectomy data, can be applied to the current series, the
long-term success rate of balloon dilatation would be ap-
proximately 50% and of surgical reconstruction would be
86%. These projected results are almost identical to those
reported previously from this institution from the open

26cholecystectomy era.

The small number of failures in this series does not
allow indepth statistical analysis with respect to factors
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influencing outcome. Three of the four surgical failures
did occur after a failed early repair at an outside institu-
tion, and two of the four patients required reconstruction
to be performed above the level of the hepatic duct bifur-
cation. Our analysis would, however, suggest that patients
presenting with an ongoing bile leak, referred at 1 month
or earlier after injury, and patients with injuries located
at the level of the hepatic duct bifurcation or higher are
more likely to fail attempts at balloon dilatation.
The significance of delayed management of patients

with laparoscopic bile duct injuries can be evidenced by
the fact that there were two deaths in the series. In both
patients, ongoing biliary leaks persisted despite two surgi-
cal interventions having been performed at the initial hos-
pital for each patient. Both patients were older and had
persistent sepsis and multisystem organ failure at the time
of transfer. Despite achieving adequate percutaneous
drainage of the biliary tree, as well as drainage of all
potential foci of intra-abdominal sepsis, the patients died
because of the advanced state of their disease despite
maximal supportive care.

Finally, the results of this series, as well as those of
previous reports,1836 would suggest that success rates in
excess of 90% can be achieved at tertiary referral centers
for complex biliary tract surgery. These results far exceed
those available after repair of these injuries by less experi-
enced surgeons, 136 although it could be argued that the
true denominator is not known because successful repairs
outside tertiary referral centers often go unreported. It
would appear, however, as with other complex surgical
procedures,43'" that major bile duct injuries can be man-
aged best at centers with a high-volume experience.

In conclusion, the optimal management of patients with
laparoscopic bile duct injury requires a multidisciplinary
approach. Percutaneous transhepatic cholangiography to
define the proximal anatomy and the placement of trans-
hepatic biliary catheters to relieve biliary obstruction or
control biliary leaks is the first step in management. The
decision to proceed with percutaneous balloon dilatation
versus operative management is determined by the nature
and location of the injury and the clinical scenario. This
study provides, for the first time, follow-up evaluation
results in a significant number of patients undergoing both
treatment regimens. With mean follow-ups in excess of
21/2 years, percutaneous balloon dilatation is associated
with an overall success rate of64% and biliary reconstruc-
tion with a Roux-en-Y hepaticojejunostomy is associated
with an overall success rate of 92%. The combined surgi-
cal and radiologic management should result in a success-
ful outcome after laparoscopic bile duct injuries in virtu-
ally all patients.

References
1. Cates JA, Tompkins RK, Busuttil RW, et al. Biliary complications

of laparoscopic cholecystectomy. Ann Surg 1993; 59:243-247.



468 Lillemoe and Others

2. Asbun HF, Rossi RL, Lowell JA, Munson JL. Bile duct injury
during laparoscopic cholecystectomy: mechanism of injury, preven-
tion, and management. World J Surg 1993; 17:547-552.

3. Kern KA. Medicolegal perspectives on laparoscopic bile duct injur-
ies. Surg Clin North Am 1994; 74:979-984.

4. Bernard HR, Hartman TW. Complications after laparoscopic chole-
cystectomy. Am J Surg 1993; 165:533-535.

5. Collet D, Edye M, Perissat J. Conversions and complications of
laparoscopic cholecystectomy. Surg Endosc 1993; 7:334-338.

6. Deveney KE. The early experience with laparoscopic cholecystec-
tomy in Oregon. Arch Surg 1993; 128:627-632.

7. Deziel DJ, Millikan KW, Economou SG, et al. Complications of
laparoscopic cholecystectomy: a national survey of 4,292 hospitals
and an analysis of 77,604 cases. Am J Surg 1993; 165:9-14.

8. Orlando III R, Russell JC, Lynch J, Mattie A. Laparoscopic chole-
cystectomy: a statewide experience. Arch Surg 1993; 128:494-499.

9. Wherry DC, Rob CG, Marohn MR, et al. An external audit of
laparoscopic cholecystectomy performed in medical treatment facil-
ities of the Department of Defense. Ann Surg 1994; 220:626-634.

10. Wherry DC, Marohn MR, Malanoski MP, et al. An external audit
of laparoscopic cholecystectomy in the steady state performed in
medical treatment facilities of the Department of Defense. Ann Surg
1996; 224:145-154.

11. Davidoff AM, Pappas TN, Murray EA, et al. Mechanisms of major
biliary injury during laparoscopic cholecystectomy. Ann Surg 1992;
215:196-202.

12. Martin RF, Rossi RL. Bile duct injuries: spectrum, mechanisms of
injury, and their prevention. Surg Clin North Am 1994; 74:781 -
803.

13. Strasberg SM, Hertl M, Soper NJ. An analysis of the problem of
biliary injury during laparoscopic cholecystectomy. J Am Coll Surg
1995; 180:101-125.

14. Soper NJ, Flye MW, Brunt LM, et al. Diagnosis and management
of biliary complications of laparoscopic cholecystectomy. Am J
Surg 1993; 165:663-669.

15. Moossa AR, Easter DW, vanSonnenberg E, et al. Laparoscopic
injuries to the bile duct. Ann Surg 1992; 215:203-208.

16. Branum G, Schmitt C, Baillie J, et al. Management of major biliary
complications after laparoscopic cholecystectomy. Ann Surg 1993;
217:532-541.

17. Ress AM, Sarr MG, Nagorney DM, et al. Spectrum and manage-
ment of major complications of laparoscopic cholecystectomy. Am
J Surg 1993; 165:655-662.

18. Woods MS, Traverso LW, Kozarek RA, et al. Characteristics of
biliary tract complications during laparoscopic cholecystectomy: a
multi-institutional study. Am J Surg 1994; 167:27-34.

19. Vitale GC, Stephens G, Wieman TJ, Larson GM. Use of endoscopic
retrograde cholangiopancreatography in the management of biliary
complications after laparoscopic cholecystectomy. Surgery 1993;
114:806-814.

20. Kozarek RA, Ball TJ, Patterson DJ, et al. Endoscopic treatment of
biliary injury in the era of laparoscopic cholecystectomy. Gastroint-
est Endosc 1994; 40:10-16.

21. Bergman JJGHM, van den Brink, GR, Rauws EAJ, et al. Treatment
of bile duct lesions after laparoscopic cholecystectomy. Gut 1996;
38:141-147.

22. Trerotola SO, Savader SJ, Lund GB, et al. Biliary tract complica-
tions following laparoscopic cholecystectomy: imaging and inter-
vention. Radiology 1992; 184:195-200.

23. vanSonnenberg E, D'Agosino HB, Easter DW, et al. Complications
of laparoscopic cholecystectomy: coordinated radiologic and surgi-
cal management in 21 patients. Radiology 1993; 188:399-404.

24. Crist DW, Kadir 5, Cameron JL. The value of preoperatively placed

Ann. Surg. * May 1997

percutaneous biliary catheters in reconstruction of the proximal part
of the biliary tract. Surg Gynecol Obstet 1987; 165:421-424.

25. van Sonnenberg E, Ferrucci JT, Neff CC. Biliary pressure: mano-
metric and perfusion studies in percutaneous transhepatic cholangi-
ography and percutaneous biliary drainage. Radiology 1983;
148:41-47.

26. Pitt HA, Kaufman SL, Coleman J, et al. Benign postoperative biliary
strictures: operate or dilate? Ann Surg 1989; 210:417-427.

27. Bismuth H. Postoperative strictures of the bile duct. In: Blumgart
LH, ed. The Biliary Tract V. Edinburgh: Churchill Livingstone;
1982:209-218.

28. McMahon AJ, Russell IT, Baxter JN, et al. Laparoscopic versus
mini-laparotomy cholecystectomy: a randomized trial. Lancet 1994;
1:135-138.

29. Girard RM, Morin M. Open cholecystectomy: its morbidity and
mortality as a reference standard. Can J Surg 1993; 36:75-80.

30. Roslyn JJ, Pinns GS, Hughes EF, et al. Open cholecystectomy: a
contemporary analysis of 42,474 patients. Ann Surg 1993; 218:129-
137.

31. Voyles CR, Petro AB, Meena AL, et al. A practical approach to
laparoscopic cholecystectomy. Am J Surg 1991; 161:365-370.

32. Spaw AT, Reddick EJ, Olsen DO. Laparoscopic laser cholecystec-
tomy: analysis of 500 procedures. Surg Laparosc Endosc 1991; 1:2-
7.

33. Baird DR, Wilson JP, Mason EM, et al. An early review of 800
laparoscopic cholecystectomies at a university-affiliated community
teaching hospital. Am Surg 1992; 25:206-210.

34. Brooks DC, Becker JM, Connors PJ, Carr-Locke DL. Management
of bile leaks following laparoscopic cholecystectomy. Surg Endosc
1993; 7:292-295.

35. Go PMNYH, Schol F, Gouma DJ. Laparoscopic cholecystectomy
in the Netherlands. Br J Surg 1993; 80:1180-1183.

36. Stewart L, Way LW. Bile duct injuries during laparoscopic chole-
cystectomy. Arch Surg 1995; 130:1123-1129.

37. Pitt HA, Miyamoto T, Parapatis SK, et al. Factors influencing out-
come in patients with postoperative biliary strictures. Am J Surg
1982; 144:14-21.

38. Pellegrini CA, Thomas MJ, Way LW. Recurrent biliary stricture.
Pattern of recurrence and outcome of surgical therapy. Am J Surg
1984; 147:175-179.

39. Innes JT, Ferara JJ, Kairey LC. Biliary reconstruction without trans-
anastomotic stent. Am Surg 1988; 54:27-30.

40. Csendes A, Diaz C, Burdiles P, et al. Indications and results of
hepaticojejunostomy in benign strictures of the biliary tract. Hepa-
togastroenterology 1992; 39:33-36.

41. Davids PHP, Tanka AKF, Rauws EAG, et al. Benign biliary stric-
tures. Surgery or endoscopy? Ann Surg 1993; 217:237-243.

42. Tochi A, Costa G, Lepre L, et al. The long-term outcome of hepatic-
ojejunostomy in the treatment of benign bile duct strictures. Ann
Surg 1996; 224:162-167.

43. Gordon TA, Burleyson GP, Tielsch JM, Cameron JL. The effects
of regionalization on cost and outcome for one general high-risk
surgical procedures. Ann Surg 1995; 221:43-49.

44. Lieberman MD, Kilbum H, Linsey M, Brennan MF. Relation of
perioperative deaths to hospital volume among patients undergoing
pancreatic resection for malignancy. Ann Surg 1995; 222:638-645.

Discussion
DR. WILLIAM C. MEYERS (Worcester, Massachusetts): Thank

you, Dr. Cameron, Dr. Copeland, Members, and Guests. I agree
with you, Dr. Cameron, that you've assembled the finest group
of gastrointestinal surgeonms in the country and the continent.


