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CORRECTIVE TREATMENT AND ANATOMIC CONSIDERATIONS
FOR LAPAROSCOPIC CHOLECYSTECTOMY INJURIES

Juan R. Madariaga, M.D., FA.CS., S. Forest Dodson, M.D., Rick Selby, MD.,
Satoru Todo, M.D., PH.D., Shunzaburo Iwatsuki, M.D., PH.D., FA.CS., and

Thomas E. Starzl, M.D., PH.D., FA.CS., Pittsburgh, Pennsylvania

BACKGROUND: Complete reports of biliary and vas-
cular injuries after laparoscopic cholecystectomy are
rare.

STUDY DESIGN: Fifteen patients with complex lapa-
roscopic cholecystectomy injuries underwent correc-
tive operations. The injuries consisted of 14 bile duct
injuries and one large laceration of a cirrhotic liver.
Five of the bile duct injuries were accompanied by
inadvertent occlusion of the right hepatic artery, and
one was further complicated by portal vein occlusion.
One hepatic artery occlusion and one portal vein oc-
clusion were successfully reconstructed. Two patients
with arterial occlusion required right hepatic lobec-
tomy. Corrective biliary operations consisted of com-
mon hepaticojejunostomy (seven cases), right and left
hepaticojejunostomies (one case), right anterior and
left hepaticojejunostomies (two cases), right hepati-
cojejunostomy (one case), right posterior hepaticoje-
junostomy (one case), and left hepaticojejunostomy
after right lobectomy (two cases).

RESULTS: Except for a patient with a severe laceration
of a cirrhotic liver who died as a resuit of hepatic
failure, the remaining i4 patients are alive and well
with normal hepatic function tests at six and 37 months
after corrective operations.

CONCLUSIONS: A knowledge of anatomy is critical
to the prevention of injuries to the hepatobiliary tree
and related structures during laparoscopic cholecys-
tectomy. J. Am. Coll. Surg., 1994, 179: 321-325.

COMPREHENSIVE REPORTS of successful operative cor-
rections of biliary and vascular injuries caused
bv laparoscopic cholecystectomy are scarce (1-3).
This report was done to summarize our experi-
ence in operative corrections of biliary and vas-
cular injuries after laparoscopic cholecvstectomy.
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MATERIALS AND METHODS

From August 1990 to March 1993, 15 patients
were referred to us for operative corrections of
laparoscopic cholecystectomy injuries. Six patients
were men and nine were women. Their ages
ranged from 27 to 80 years, with a mean age
of 50 years (Table I).

Thirteen of the 15 patients underwent elective
cholecystectomy for cholecystolithiasis and recent
episodes of cholecystitis. The remaining two pa-
tients (Nos. 8 and 14) had choledocholithiasis
as well as cholecystolithiasis. The latter two pa-
tients, and another with known cirrhosis of the
liver, had elevated serum bilirubin levels at the
time of cholecystectomy.

Laparoscopic cholecystectomy was converted to
an open procedure in four of the 15 cases, either
because of bleeding (Nos. 7, 10, and 11), or
because of severe inflammatory adhesions (No.
13). In these four, biliary duct injury was rec-
ognized and reconstruction was attempted at the
time of cholecystectomy. However, in two (Nos.
7 and 10) of the four cases, the vascular injuries
were not recognized fully even during the open
procedure. In the remaining 11 cases, the injuries
were not recognized until later (Table I).

The most common clinical manifestation of lap-
aroscopic cholecystectomy injury was severe ab-
dominal pain as a result of bile peritonits (six
cases), followed by fever and jaundice as a result
of obstructive cholangitis (four cases). Bile leak-
age through the drain signaled biliary compli-
cations in two cases. Postoperative hypotension
was the result of bleeding trom hepatic laceration
in one case (No. 12) (Table I).

In nine of the 15 cases, the occurrence of
serious complication was recognized within a
week. However, in the remaining six, clinical
manifestation were delaved as long as three
months after cholecystectomy. The time of re-
ferral ranged from the dav ot cholecvstectomy
to more than seven months later. All but two
cases were reterred to us within a month. Four
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TABLE [—CLINICAL PRESENTATION

Recognition Conversion Onset of
Patient No. Age, y Sex at LC to open symptoms, d
1.... 42 M No No 3
2., ... 27 F No No 3
3.... 61 M No No 1
4. ... 26 F No No 14
5.... 73 M No No 21
6.... 60 F No No 10
7.... 73 F Yes? Yes 1
8.... 67 M No No
9.... 37 F No No 14
10.... 36 F Yes? Yes 6
mnm.... 46 M Yes Yes _
12. ... 42 F No No 1
13.... 33 F Yes Yes _
4. ... 80 M No No 90
15. ... 34 F No No 14

*Ducttoduct, end-toend choledochocholedochostomy.

LG, Laparoscopic cholecystectomy; GOT. glutamine-oxaloacetic transaminase:

patients (Nos. 7, 9, 10, and 11) had unsuccessful
corrective operations before referral (Table I).
In two patients (Nos. 7 and 10), it was not certain
whether or not the injuries were recognized at
the initial operation.

RESULTS

Biliary duct injury and operation correction. Eleven
ot the 14 biliary duct injuries occurred at the
common hepauc duct (Table I; Fig. 1). Common
hepaticojejunostomy with Roux-en-Y reconstruc-
tion was successtul in seven of the 14 patients
(Nos. 3. 4, 5, 6, 10, 13, and 14). In two patients
(Nos. 2 and 9), however, the cauterization injury
extended above the common hepatic duct. Right
anterior and left hepaticojejunostomies were re-
quired in these cases because the right posterior
duct drained into the left duct. In the remaining
two patients (Nos. 7 and 8), left hepaticojejun-
ostomv and right hepatic lobectomv were nec-
essary because the right hepatic arterv was also
inadvertently ligated.

Two ot the 14 biliarv duct injuries (Nos. |
and 11 occurred at the right hepatic duct. and
another (No. 15) at the right posterior hepatic
(luct Right hepaticojejunostomv in pzuicm No.

I and right posterior hepaticojejunostomy in pa-
tient No. 15 were successtul. In patent No. 11,
however. right and left hepadcojejunostomies,
were necessarv because of necrosis of the com-
mon hepatc duct, caused bv the right hepauc
arterv injury (Table II: Fig. D).

Operative treatment Referral
before referral and after
Symptoms and signs days after 1.C LC 4
Bile peritonitis None 10
Bile peritonitis None 14
Bile leak through drain  None 6
Bile peritonitis Laparotomy, 20 24
Recurrent cholangitis None 225
Jaundice, fever, bile None 16
peritonitis
GOT 6,798, GPT 4916  Hepaticojejunostomy, 0 5
Bile leak through drain, None 2
jaundice

Cholangitis, jaundice
Jaundice, fever, bile

Hepaticojejunostomy, 14 17
Laparotomvy, stent, duct-to-

peritonitis duct, 6
_ T-tube, duct-to-duct* right 0
hepatic artery repair, 0
Bleeding None 1
_ None 0
Jaundice None 120
Bile peritonids. fever, None 27

subhepatic abscess

GPT. glutamic-pyruvic transaminase; y, year, and d, dav.

Vascular injury and operative correction. The right
hepatic artery was inadvertently ligated in five
of 15 cases (Table II; Fig. 1). This arterial injury
was associated with the common hepatic duct
injury in four patients (Nos. 7, 8, 10, and 14)
and with the right hepatic duct injury in one
patient (No. 11). The ischemic injury to the right
lobe of the liver and the injury to the bile duct
were insignificant in two (Nos. 10 and 14) of
the five cases, and common hepaticojejunostomy
alone was successtul. However, in two cases (Nos.
7 and 8), inital biliary reconstruction failed be-
cause of ischemic injury, and right hepatic lobec-
tomy with revision of biliarv reconstruction was
necessary. The portal vein was also inadvertently
occluded in patient No. 7 and was reconstructed
with an end-to-end anastomosis after thrombec-
tomy. The right hepatic artery injury could be
repaired with an arterial allograft in another case
(No. 11), but, right and left hepaticojejunosto-
mies, were necessary because of hepatic duct ne-
crosis. Severe laceration of the cirrhotic liver near
the round ligament in patient No. [2 might have
resulted from the pneumoperitoneum during lap-
aroscopic cholecvstectomy.

Complications after operative corvection. Initial cor-
rective operation was attempted betore reterral
in tour patents. The common hepaticojejunos-
tomy leaked and the right hepatic lobe became
necrotic because of inadvertent occlusions ot the
right hepatce artery and the portal vein in pauent
No. 7. Right hepatic lobectomyv and left hepat-
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TABLE IL—INJURY. CORRECTIVE OPERATIVE TREATMENT, AND RESULTS

Patient No. Injuries Corrective operative treatment Results
| B Right hepatic duct Right hepaticojejunostomy ) A& Wat 3? mo
2., Common hepatic duct Right ant. hepaticojejunostomy, right post and left A\ & W at 35 mo
hepaticojejunostomy
3.0, Common hepatic duct Common hepaticojejunostomy A& Wat 22 mo
4., .. Common hepatic duct Common hepaticojejunostomy A & W at 19 mo
3..... Common hepatic duct. hepaticoduodenal fistula ~ Common hepaticojejunostomy A& W at 18 mo
6..... Common hepatic duct Common hepaticojejunostomy ' A& Wat 17 mo
7.0, Common hepatic duct. right hepatic artery. Right lobectomy, portal vein reconstruction, left A & W at 16 mo
portal vein, right hepatic lobe necrosis hepaticojejunostomy o
8..... Common hepatic duct. right posterior duct, right 1) Right ant. and post. hepaticojejunostomy, A & W at 14 mo
hepatic artery, right hepatic lobe ischemia left hepaticojejunostomy,
2) Right hepatic lobectomy, left hepatico-
jejunostomy, caudate hepaticojejunostomy
9. Common hepatic duct Right ant. hepaticojejunostomy, Right post and lett A & W at 13 mo
hepaticojejunostomy
10..... Common hepatic duct. right hepatic artery, right Common hepaticojejunostomy A& Wat 13 mo
hepatic lobe ischemia, common duct ischemia
.. ... Right hepatc duct, right hepatic artery, right Right hepaticojejunostomy, left hepaticojejunostomy, A & W at 12 mo
hepatic lobe ischemia right hepatic artery reconstruction
| Liver laceration, cirrhosis Repair laceration Died day 11 liver
failure
13.. ... Common hepatic duct Common hepaticojejunostomy A& Wat 10 mo
4... .. Common hepatic duct, vight hepatic arterv Common hepaticojejunostomy A& Wat9 mo
15.. ... Right posterior duct Right post. hepaticojejunostomy A& W at 6 mo

A& W Alive and well: ant., anterior: post.. posterior. and mo. month.

icojejunostomy after portal vein reconstruction
corrected these serious injuries (Fig. 1). The hep-
aticojejunostomyv became obstructed probably be-
cause of cauterization injury or ischemic injury,
or both, in patient No. 9. In this case, the right
anterior and the left hepaticojejunostomies (the
right posterior duct draining into the left duct)
were successtul (Fig. 1). Primarv duct-to-duct
anastomosis over an internal stent was disrupted
because of bile duct necrosis caused by right
hepatic arterv occlusion in two patients (Nos.
10 and 11D). As the ischemia of the right hepatic
lobe was mild, high common hepaticojejunostomy
alone was successtul in patient No. 10. In another
patient with significant ischemia (No. 11), the
right posterior hepatic arterv could be recon-
structed with an arterial allograft. and the right
and left hepaticojejunostomies were  successtul
(Fig. 1),

There were two cases of biliary teakage after
our corrective operation. In one patient (No.
2}, there was leakage at the right anterior hep-
aticojejunostomy, which was successtully revised
(Fig. 1). In another case (No. 8) the occlusion
ot the right hepatic arterv was not recognized
during the combined right anterior and posterior
hepaticojejunostomy and the lett hepadcojejun-
ostomv. The leakage tfrom the right duct anas-
tomosis and the ischemic necrosis ot the right
hepatie lobe were diagnosed three weeks later,
e left hepaucojejunostomy and  the caudate

hepaticojejunostomy after the right hepatic lobec-
tomy corrected the injuries (Fig. 1).

There was a case of biliary obstruction as a
result of a retained stone 12 days after hepati-
cojejunostomy patient No. 5. The stone was re-
moved by a percutaneous procedure.

One patient had fatal hepatic failure after re-
pair of severe laceration of the cirrhotic liver.
Transplantation of the liver was planned, but
the patient had bronchopneumonia, sepsis, and
multiorgan failure before an organ became avail-
able. Patient No. 12 died ten davs after laparo-
scopic cholecystectomy.

Follow-up evaluation. Except tor the single death,
all of the remaining 14 padents were alive and
well with normal hepatic function tests six to
37 months after the final corrective operation,
as of September 1993 (Table II).

DISCUSSION

There are basically three wpes of cvstic duct
union to the biliarv svstem (Fig, 2). Most com-
monly, the cvstie duct joins the common hepatic
duct below the union of the right and left hepatic
ducts (Fig. 2a). Occasionally, the cvstic duct en-
ters the right hepatic duct above the union of
the right and left hepatic ducts and below that
ol the right anterior and posterior hepatic ducts
(Fig. 2b), or e enters the vight posterior duct,
where the night anterior hepatic duct joins the
left hepade duct (Fig. 2¢). Rarelv does the right



r_' - - !

324 Journal of the American College of Surgeons - September 1994 - Volume 179
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Fic. 1. Diagrams of injuries and corrective operations. RHD, Right hepatic
duct: RPHD, right posterior hepatic duct: RAHD. right anterior hepatic

posterior duct drain into the cystic duct (4-9).  variant tvpes of unions, and the right hepatic
i Eleven of the 14 biliarv duct injuries seemed to  duct or the right posterior hepatic duct may be
occur in the most common type A cystic duct  casilv mistaken as a cvstic duct.
| union. Two in occurred in patients with tvpe B The duct-to-duct anastomosis is not recom-

union, and one in a patient with the wpe € mended for laparoscopic cholecvstectomy injuries
union. The cvstic duct is usually short and awav ~ because thev are generally associated with ex-
from the center of the hepatic hilum in these tensive cauterizadon injuries. The cauterization
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Fic. 2. a, b, and ¢, Basic patterns of cystic duct union. GB, Gallbladder.
RP, right posterior; RA, right anterior, and L, left.

injury extended above the common hepatic duct
in two patients, and two biliary-enteric anasto-
moses were required in these patients.

The cystic artery most often arises from the
right hepatic artery, its course in relation to the
duct is quite variable, and occasionally there are
two cystic arteries. The blood supply to the ex-
trahepatic bile duct is usuallv double, that is,
from the hepatic artery, including the right he-
patic artery, and from the gastroduodenal artery.
These two blood vessels communicate well along
the duct (10, 11). The occlusion of one source
is usually well tolerated by the duct. However,
when the duct is completely or nearly completely
transected, the blood supply to a segment of
the duct becomes insufficient. Additional cau-
terizaton injury during laparoscopic cholecystec-
tomy aggravates the duct ischemia. Therefore,
even an isolated common hepatic duct transec-
tion should be repaired by the hepaticojejunos-
tomv with Roux-en-Y.

Injury of the right hepatic artery is a well-rec-
ognized complication of cholecystectomy. There
were five cases of right hepatic artery occlusion
in our series. In all of these tive cases, significant
bleeding was encountered during the laparoscop-
ic cholecvstectomy. The operation was converted
to an open procedure in three of the five cases.
Unfortunatelv, however, the arterial injury was
not recognized in anv of the five cases at the
time of cholecvstectomy, and it was undetected
again in two of them, even during the second
operation. Inadvertent ligation of the right he-
patic arterv. when accompanied with the duct

injury, can result in the most complex compli-
cation. as presented.

Basic anatomic knowledge of the hepatic hilum,
as discussed previously, will prevent serious com-
plications of laparoscopic cholecystectomy. Should
they occur, it will be of great assistance for the
proper corrective operation.
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