
M
J

E
b
a
f
a
T
p
m
t
h
b
i
t
t
l
c
c
t
t
p
a
d
f
w
r
d

C
B
i
t
c
m

L
I
h
h
B

D

A

1
d

anagement of Common Bile Duct Injuries
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 xtrahepatic biliary duct injury is a rare but potentially
devastating condition associated with significant mor-

idity and mortality. The vast majority of these injuries occur
s rare complications of the 750,000 cholecystectomies per-
ormed annually in the United States.1 Iatrogenic injury may
lso occur during gastrectomy, pancreatectomy or ERCP.
rauma and duodenal ulcer are less common causes.1-4 Im-
rovements in length of stay, postoperative pain, and cos-
etic results with the laparoscopic approach to cholecystec-

omy have been well documented; equally well documented
as been the persistent incidence of iatrogenic extrahepatic
ile duct injury. Population-based studies consistently cite an

ncidence of cholecystectomy-associated bile duct injury be-
ween 0.3% to 0.6% for the laparoscopic approach and 0.1%
o 0.3% for open cholecystectomy.5-7 A significant amount of
iterature has been dedicated to the identification of patient
haracteristics and intraoperative factors associated with in-
reased risk. Conditions that confer additional risk are those
hat increase the degree of acute inflammation within the
riangle of Calot or those that obstruct visualization and im-
air access to the “critical view.” These include variables such
s obesity and periportal fat, the presence of complex biliary
isease such as choledocholithiasis, gallstone pancreatitis, or

rank cholangitis, and intraoperative bleeding interfering
ith visualization.8 Atypical anatomy, including aberrant

ight hepatic duct or complex cystic duct insertion, also pre-
ispose to intraoperative injury.9

lassification
ile duct injuries may be classified by mechanism and type of

njury, location of injury, effect on biliary continuity, and
iming of identification. Each of these factors plays a signifi-
ant role in determining the appropriate operative repair and
anagement.

ocation
dentifying the location of ductal injury and the availability of
ealthy proximal duct is critical; successful repair requires
ealthy, nonischemic duct without tension or loss of length.
ismuth and colleagues classified biliary strictures in 1982
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ased on their proximity to the duct confluence. Strasberg elab-
rated on this scheme in 1995, classifying injuries by location,
echanism, and consequence to the continuity of the system,

eparating leaks from occlusions (Figs 1 and 2).10,11

echanism
aparoscopic injuries may be caused by inadvertent duct lacer-
tion or sharp transection, excessive traction or cautery injury,
artial or complete clip ligation, or ligation and transection with

oss of duct length. The “classic” laparoscopic injury has been
escribed previously and mistakes the common bile duct for the
ystic duct, leading the surgeon to clip and resect the common
uct (Fig 3).12 Proximal dissection and division often leads to

njury of the right hepatic artery, thus the classic injury involves
oss of length and occlusion of the proximal biliary tree with
ossible concomitant right hepatic ischemia.
Other laparoscopic injuries are possible. Clip ligation of

he distal common bile duct with proximal ligation and divi-
ion of the cystic duct results in bile obstruction and leak.
vulsion injury of the common bile duct during distal cystic
uct transection leads to bile leakage. Thermal injury, clip
pplication, or duct transection are all likely to cause injury
o the duct or its blood supply, thus causing a loss of viable
ength.15 More insidious presentations of ductal injury may
ccur with late biliary stricture, caused either by duct isch-
mia secondary to thermal or traction injury or by the various
hronic inflammatory or infectious causes.

Traumatic injuries include partial or complete extrahe-
atic duct transection or duct avulsion, occasionally in close
roximity to the pancreas.13 The mechanism and type of

njury play critical roles in patient presentation and surgical
anagement.

linical Presentation
nd Timing of Identification
he type of biliary tract injury, as well as the timing of injury

dentification, determines the patient’s clinical presentation. In-
raoperatively, injury may be recognized by the exposure of
nexpected ductal structures during the operation or by leakage
f bile into the operative field from the lacerated or transected
uct. If unrecognized intraoperatively, the manner of postoper-
tive presentation will be determined by the continuity of the
ile ducts and the presence or absence of a biliary leak.
Patients with a significant duct leak may present with bil-

ous drainage from an intraoperatively placed drain. More

ommonly, the bile leak will cause a localized biloma or free
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Figure 1 Bismuth classification of biliary strictures (Types 1-5) based on level relative to the hepatic confluence.
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Figure 2 Strasberg classification of injury based on anatomic location and mechanism. Injuries are classified Type A-E,

with Type E subdivided E1 to E5 based on Bismuth level (see Fig 1).
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178 J.C. Haney and T.N. Pappas
ile ascites causing bilious peritonitis in the undrained pa-
ient. Such patients classically present with diffuse abdomi-
al pain and persistent ileus several days postoperatively. If a
iloma becomes secondarily infected, the patient may
rogress to fever and leukocytosis as with any intraabdomi-
al abscess.14 Diffuse abdominal pain after laparoscopic cho-

ecystectomy should be met with a high index of suspicion
or possible unrecognized biliary tract injury.

If the biliary injury involved clip ligation or resection of the
ommon bile duct producing duct obstruction, the patient
ay present with clinical jaundice and possibly cholangitis.
ggressive decompression of an obstructed biliary tree is crit-

cal for successful management of such an injury.

iagnostic Workup
iven the low incidence of bile duct injury after what is a very
ommon operation, the prompt diagnosis of a postoperative
iliary tract injury requires a high index of suspicion. If injury

Figure 3 Classic laparoscopic bile duct injury. Misidentifi
as well as transection of the hepatic ducts proximally.
artery.
s suspected intraoperatively and early repair is to be enter- d
ained, the laparoscopic approach is converted to an open
rocedure and a cholangiogram is performed. If the principal
urgeon is not experienced in complex hepatobiliary repair
hen the cholangiogram may be performed laparoscopically
nd, provided repair is to be deferred, adequate drains may
e placed without open conversion.15 The patient is then
eferred to an appropriate hepatobiliary specialist without
elay.
When injuries are not diagnosed at the time of surgery, the

atient’s clinical presentation provides clues to the differen-
ial diagnosis, which may in turn guide diagnostic workup.
atients classically present with either persistent abdominal
ain or jaundice. The presence of postoperative abdominal
ain is most consistent with a biloma from duct leak, but may
arely be a result of a retained stone in the common duct or
he cystic duct stump. Initial laboratory workup for every
atient includes a complete blood count to evaluate for leu-
ocytosis and liver function panel to evaluate for signs of
oncomitant liver injury and biliary obstruction. Transab-

leads to clipping and resection of the common bile duct
ion also frequently leads to injury to the right hepatic
cation
Dissect
ominal ultrasound may be utilized as an initial diagnostic
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Managing common bile duct injuries 179
igure 4 Primary repair of bile
uct injury. (A) Transected
ile duct ends are freshened
nd are approximated with the
id of fine stay sutures. The
ucts are reanastomosed in in-
errupted fashion using 4-0 or
-0 absorbable suture, taking
are to approximate mucosa to
ucosa. (B) Before completion

f the anterior wall, a separate
ongitudinal choledochostomy
s created, preferably down-
tream, for insertion of a T tube
cross the anastomosis. The T
ube is modified by removing
he back wall, reducing ob-
truction. (C) The choledocho-
tomy is closed with inter-
upted sutures around the T
ube, and the anastomosis is
ompleted. The T tube is then
rought out through a stab in-
ision in the abdominal wall.
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180 J.C. Haney and T.N. Pappas
odality, but more commonly, patients will receive an
bdominal computed tomography (CT) scan. Survey of
he abdomen by either modality will allow for diagnosis of
ither free or contained biloma and may guide percutane-
us drainage. Once a biliary injury is suspected and all
ocalized or free bile is percutaneously drained, a complete
holangiogram must be performed to define the anatomi-
al injury.16 This may be obtained using magnetic reso-
ance imaging or ERCP. Technetium-99 month-HIDA
cintigraphy may be used as screening test for diagnosing
ostoperative bile leaks or as a tool for determining the
dequacy of drainage.17

When patients present with jaundice, the differential diag-
osis includes biliary obstruction from retained common bile
uct stone or extrahepatic duct occlusion. In this case, ultra-
ound or CT scan may also be used as the initial test. If a
ommon duct stone is suspected then ERCP is the appropri-
te next step, but in the event of occlusive injury endoscopic
holangiogram will be unable to provide adequate visualiza-
ion of the entire biliary tract secondary to the loss of conti-
uity.3 In this case, percutaneous transhepatic cholangiogra-
hy, which provides the most complete picture of proximal
uctal anatomy and has the advantage of allowing for place-
ent of decompressive biliary catheters as well should be
erformed.18

reoperative Management
nce a bile duct injury has been diagnosed, a well-informed

Figure 5 Side-to-side anastomotic approach for Bismuth
Bismuth II or III injuries in which the anastomosis is ex
ecision must be made regarding the timing and type of i
epair. First and foremost, this requires full appreciation for
he injury and the resultant anatomy. Multiple studies have
hown that early repair of biliary injury may be performed,
ut repair in the setting of overt inflammation is unlikely to
e successful.1,19

In addition to defining anatomy, a major principle of pre-
perative therapy is the treatment of existing ductal inflam-
ation. This entails biliary decompression for complete ob-

truction, aggressive drainage of bilomas, and intravenous
ntibiotics guided by culture of bile if cholangitis is present.

Drains may be placed in the open biliary tract intraopera-
ively if the injury is diagnosed immediately and repair is
eferred. When complete obstruction is diagnosed postoper-
tively, decompression should be accomplished by the place-
ent of percutaneous biliary catheters through a transhe-
atic approach. When the injury is located at least 2 cm distal
o the duct confluence a single drain is sufficient, but if the
njury is within 2 cm of the confluence, repair is likely to
nvolve the confluence and thus drains should be left in both
he left and right sides. If the tract is in continuity with a
iloma, the transhepatic biliary catheters should be placed
cross the injury into the collection to facilitate drainage and
dentification of the ducts. Preoperative, temporary stenting
f strictures is somewhat controversial, but may be utilized to
estore continuity and decompress the tract.20 In cases with a
ilated duct (�1 cm) no stent is required. Pre-reconstruction
anagement usually involves aggressive multidisciplinary

herapy and usually does not require an operation to control
ile drainage. The amount of time required to quiet existing

ries with a sufficient common duct stump (A), or for
into the left or right duct for sufficient length (B).
I inju
nflammation or infection varies depending on the severity of
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Managing common bile duct injuries 181
he presenting illness, which may range from a mild inflam-
atory response when detected early to overwhelming as-

ending cholangitis and sepsis in the event of complete ob-
truction and infection.5

epair
onoperative Management

n select cases, nonoperative interventions may be able to
rovide durable and definitive biliary drainage, and multiple
roups report high success rates with either percutaneous or
ndoscopic techniques.21-23 Definitive nonoperative manage-
ent requires intact bilioenteric continuity. Frequently this

ccurs when a small bile leak is detected postoperatively and
reated with stent placement. Short biliary strictures may also
e appropriate for a trial of nonoperative therapy. In general,
trictures �2 cm in length within an intact bile duct may be
alloon dilated and stented.24 This management often re-
uires multiple reinterventions over several months. Percu-
aneous management often requires at least three attempts at
ilation whereas endoscopic management may prompt the
lacement of 2 to 3 side-by-side plastic stents left in place for
any months.

perative Management
hen an injury is diagnosed at the time of initial surgery, the

ecision of whether or not to attempt repair, be it primary or
ilioenteric, depends primarily on the experience and com-

Figure 6 End-to-side choledochojejunostomy. The com
enteric enterotomy using interrupted 4-0 or 5-0 mucos
ort level of the surgeon with what is a technically challenging c
rocedure in a nondilated biliary system. Multiple studies
upporting early tertiary referral have shown improved out-
omes with repair by experienced hepatobiliary special-
sts.16,25

When operative repair is performed, the options include
rimary repair over a T tube and bilioenteric diversion. The
ritical principles producing a durable repair are the creation
f a tension-free, mucosa-to-mucosa anastomosis with
ealthy, nonischemic bile duct.19,20,26,27 Although the blood
upply to the hilar and retropancreatic bile ducts is substan-
ial, the remainder of the extrahepatic system is supplied by
wo tenuous axial arteries at the 3 o’clock and 9 o’clock
ositions, and this supply is easily compromised.28 As a re-
ult, it is imperative to minimize unnecessary dissection
hereas at the same time removing any nonviable duct

ength back to healthy tissue. Primary repair of partial or
omplete bile duct transection may be performed but should
e viewed as the exception rather than the rule.10,15 The pres-
nce of any tension on the anastomosis is a contraindication
o primary repair, and the use of a Kocher maneuver to gain
ength on the duodenal side, while advisable, is generally not
ufficient to relieve tension.15 Irregular edges or ischemic
issue should be trimmed but the duct should not be rou-
inely cleaned in either direction. Clamps should be avoided,
nd fine temporary stay sutures may be used to approximate
he ends.29 Simple, noncircumferential lacerations may be
epaired in interrupted fashion using fine (4-0 or 5-0) ab-
orbable suture. Care should be taken to approximate mu-

le duct is spatulated and anastomosed to the antimes-
ucosa sutures with knots tied on the inside.
mon bi
osa to mucosa, taking small, precise bites of the tissue. If
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Figure 7 Roux-en-Y hepaticojejunostomy. Biliary stent(s) are brought out through the anterior incision in the bile duct.
A 3 to 4 cm antimesenteric enterotomy is created in the Roux limb and the stents are passed into the Roux limb. Stay
sutures are placed at either end of the anastomosis. The edges are approximated in interrupted fashion with fine

absorbable suture, tying the knots within and approximating the biliary and jejunal mucosa.
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Managing common bile duct injuries 183
imple primary repair is attempted a T tube may be placed
hrough the repair site. If the primary involves any complex-
ty the T tube should be placed through a separate chole-
ochostomy, preferably below the site of injury, with the
roximal end of the tube across the repair (Fig 4). A closed-
uction drain is placed in Morrison’s pouch and brought out
hrough the skin. After completion, the T tube is flushed and
n intraoperative cholangiogram is taken to determine ade-
uacy of the repair.
By far the more common reconstructive technique is to

estore biliary continuity by way of a new bilioenteric anas-
omosis. This may be accomplished with a choledochoduo-
enostomy, choledochojejunostomy, or hepaticojejunos-
omy. Although choledochoduodenostomy can be an
cceptable repair, its utility is limited. For the vast majority of
ases, a Roux-en-Y choledochojejunostomy or hepaticojeju-
ostomy is the most durable reconstructive option. A 40 to
0 cm retrocolic Roux limb is brought in proximity to the
ommon bile duct or common hepatic duct in anticipation of
he anastomosis. Side-to-side anastomosis is preferable, as it
as been shown to maintain better patency than end-to-side
econstruction.3 For Bismuth I injuries this may involve the
ommon bile duct only, but for injuries adjacent to or involv-
ng the confluence, the anastomosis may need to be extended
nto one of the hepatic duct limbs to achieve adequate length
Fig 5). The anterior bile duct wall is opened sharply in
ongitudinal direction to a distance of 3 to 4 cm. The preop-
ratively placed biliary catheter (used routinely in elective
econstructions) is brought through the opening. For end-to-
ide anastomoses, the distal end of the common bile duct is
reshened and spatulated to increase its cross-section (Fig 6).

3 to 4 cm enterotomy is made in the antimesenteric side of
he Roux limb several centimeters from the terminal staple
ine. The biliary drain is passed through the enterotomy into
he bowel lumen several centimeters. Several stay sutures
ay be placed to approximate the bile duct and jejunum. The

nastomosis is then sewn with fine (4-0 or 5-0) absorbable
uture in interrupted fashion, taking care to approximate
ucosa to mucosa (Fig 7). Following completion of the anas-

omosis, the Roux limb is anchored to the underside of the
iver with several seromuscular interrupted sutures on either
ide, relieving any tension from the repair. A closed suction
rain is left in the Morrison’s pouch and brought out through
he skin through a stab incision.

A brief comment should be made regarding traumatic in-
ury and repair. Several studies have reported good results
ith primary repair of bile duct transections provided that

here is a lack of tension and presence of viable tissue. In the
ase of tissue loss a bilioenteric bypass should be created in
tandard fashion. In instances of distal avulsion injuries in-
olving the retropancreatic bile duct, the proximal duct
hould be managed in standard fashion, and no efforts
hould be made to expose the pancreatic side of the
ransected duct; these very distal ends do not produce enteric
eaks.13

ostoperative Care
atients undergoing biliary reconstruction should be man-
ged as with any upper gastrointestinal reconstruction, with

iet resumed following resolution of postoperative ileus. Pa-
ients should be monitored with liver function tests. T tube or
ercutaneous biliary drains are internalized once diet is re-
umed. Operative drains should remain in place until PBD or
tube internalization and then, in the absence of output after

nternalization, should be removed. Drains are typically left
cross the anastomosis for 6 weeks, at which time a cholan-
iogram is performed. If the anastomosis appears widely
atent the drain is removed at that time; if the anastomosis
ppears tight, the PBD or T tube is left longer. In extreme
ircumstances where the anastomosis was made to a stric-
ured segment of the duct, the stent should be left in place for
pproximately 8 to 10 months to allow scar tissue to form.

Complications after biliary reconstruction are not uncom-
on. In the largest single-center experience from Johns Hop-

ins, postoperative complications were experienced by 42%
f patients and consisted most frequently of wound infection,
iloma, biliary stent complication, or anastomotic leak.1 Of
ote, all complications were managed nonoperatively, and it
as been the experience of other authors that, while compli-
ations such as cholangitis or PBD occlusion are not uncom-
on, they rarely require reoperation.30 Over the long term,

atients must be monitored for stricture at the anastomosis,
ost commonly heralded by a rising alkaline phosphatase.
s many of these patients have a chronic, low-level elevation

n alkaline phosphatase, the more concerning feature is a
onsistent upward trend. In the event of suspected anasto-
otic stricture, cholangiogram and possible balloon dilation

nd stenting are preferred. If the bile duct is in continuity
ith the duodenum, ERCP and stenting is the preferred ap-
roach. In the case of jejunal reconstructions where the bile
uct is not in communication with the duodenum, all inter-
entions must be accomplished via percutaneous transhe-
atic access.

onclusion
n summary, bile duct injury is a rare complication of lapa-
oscopic cholecystectomy. Pain or jaundice after laparo-
copic cholecystectomy should prompt an evaluation of liver
unction tests (bilirubin and alkaline phosphatase) followed
y computerized imaging to rule out extra-biliary tract bile.
ile duct imaging with MRCP or ERCP is required if the index
f suspicion is high or if common duct appears obstructed. If
he duct is intact but injured, ERCP plus stenting may control
he process (after all extra-biliary bile is drained). If the injury
ccludes or divides the duct then bile flow should be con-
rolled percutaneously (transhepatically). Reconstruction
hould be accomplished in a minimally inflamed field, most
ommonly with a Roux-en-Y hepaticojejunostomy. Success-
ul operative repair requires a tension-free, mucosa-to-mu-
osa anastomosis using viable bile duct. These reconstruc-
ions are best performed by experienced hepatobiliary
urgeons. While the complication rate including anastomotic
tricture remains fairly high, most can be managed nonop-
ratively with a low reoperation rate and good long-term
atency.
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