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Abstract

Background: There are still debates and controversies in the detection and the management of
common bile duct (CBD) stones in the era of laparoscopic cholecystectomy (LC). This prospective
study was performed to evaluate a single-stage management of CBD stone during LC.
Methods: Between May 1998 and January 2000, 249 consecutive patients with gallstone and
cholecystitis were enrolled in this study. The mean age was 52.5 + 12.4 years. Male to female
ratio was 106:143. All patients underwent abdominal sonography and the determination of the
serum biochemical profile preoperatively. Patients presented with sepsis or with total bilirubin > 6
ng/dL were excluded from the study.

Results: 244 (98%) patients underwent LC and 5 (2%) patients were converted to open chole-
cystectomy. Intraoperative cholangiogram (IOC) was only performed in patients who fulfilled our
predetermined criteria. Among 90 patients who had IOC, only 23 patients had CBD stones that
were removed either by transcystic duct stone extraction (61%) or CBD exploration (39%). The
additional procedures to remove CBD stone did not prolong the hospitalization. There were four
wound infections and one cystic stump leakage. One patient developed CBD stone during the
follow-up period up to 37 months.

Conclusions: Our study indicates that routine use of I0C during LC is not necessary. In addition,
single-stage approach for the management of CBD stone during LC is feasible and should be
considered by laparoscopic surgeons.
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he detection and removal of bile duct stones continues

to challenge the biliary surgeons, especially in the era
of laparoscopic cholecystectomy. Consensus had not yet
been reached in the evaluation of common bile duct, al-
though diagnostic procedures such as preoperative endo-
scopic retrograde cholangiopancreatography (ERCP),’
routine intraoperative cholangiography (I0C)* or selective
I0C** had all played different roles and provided respec-
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tive efficiency in diagnosing common bile duct stones.
There are growing concerns that preoperative ERCP or
routine IOC might not be cost-effective since the positive
findings are low.” In addition, certain procedure-related
risks have been shown to be associated with ERCP and
endoscopic sphincterotomy.® Similarly, selective IOC with
stringent criteria will increase the yield of CBD stone but at
the expense of missing certain findings.”'° Furthermore,
once the presence of CBD stone is found, the subsequent
management of the stone is also controversial. Some
advocate a conversion to open CBD exploration while
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Figure 1. The algorithm for the management of gallstone
disease with laparoscopic cholecystectomy. CBD, common bile
duct; I0C, intraoperative cholangiogram, TCDSE, transcystic
duct stone extraction; LCBDE, laparoscopic common bile duct
exploration.

others have shown that CBD stone could be removed la-
paroscopically.'*'# We performed this prospective study to
1) test the feasibility of selective use of IOC in laparoscopic
cholecystectomy and 2) propose a single-stage approach in
managing the CBD stone during laparoscopic cholecys-
tectomy.

PATIENTS AND METHODS

Between May 1998 and January 2000, 249 consecutive
patients including 94 patients with acute cholecystitis and
155 patients with chronic cholecystitis and acute symptoms
were admitted to the Department of Trauma & Emergency
Surgery at Chang-Gung Memorial Hospital (CGMH), Ka-
ohsiung, Taiwan. The diagnosis of acute cholecystitis was
based on clinical findings that included right upper quad-
rant abdominal pain less than 4 days, leukocytosis, tem-
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perature higher than 37.5 degrees, and peritoneal irritation
(e.g., Murphy’s sign) on physical examination. Patients
with chronic cholecystitis and acute symptoms were those
who had previously diagnosed cholelithiasis and presented
with acute exacerbation. The diagnosis of cholecystitis was
confirmed by the abdominal sonography (GE Logic 400)
showing the presence of gallstone and edematous change
of gallbladder wall. In addition, each patient had blood
drawn to determine the serum biochemical profile that
included serum glutamic-oxaloacetic (aspartate) transami-
nase (SGOT), alkaline phosphotase (ALP), total bilirubin
(T-BiD), direct bilirubin (D-Bil), and lipase. Patients were
then admitted to the hospital and received intravenous
fluid and antibiotics when indicated. Laparoscopic chole-
cystectomy was performed within 24 hours of admission.

Study Protocol

Patients who presented with signs of sepsis or hemo-
dynamic instability (i.e., shock) as well as those with
pancreatitis or serum T-Bil 26 ng/dL were excluded from
the study. The study protocol was shown in Fig. 1. All
patients underwent LC within 24 hours of presentation to
the hospital. We performed IOC only in patients who had
one or more of the following findings: 1) clinical evidence
of jaundice or cholangitis, 2) CBD stone or CBD dilatation
over 9 mm on sonography, 3) elevated serum biochemical
data including SGOT >55 U/L, ALP >125 U/L and bilirubin
>1.3 mg/dL and <6 mg/dL, and 4) CBD dilatation over 9
mm visualized during laparoscopy.

Surgical Procedures for LC and IOC

Patients underwent a four-port laparoscopic cholecys-
tectomy via a standard antigrade approach. However, a
retrograde dissection of gallbladder off the liver bed was
performed when the anatomy of the Calot’s triangle was
obscure. Five patients were converted to an open chole-
cystectomy due to the technical difficulty and were ex-
cluded from the subsequent analysis. The width of the
CBD was determined by comparing it to the opening of a
laparoscopic right angle forceps. The opening of the for-
ceps was controlled by a sheathed sliding traction wire
over the joint of the forceps. We marked a scale on the
sheath to indicate the width of the opening of the forceps.
Following the dissection of the Calot’s triangle to expose
the cystico-choledochal junction, the laparoscopic right
angle forceps was opened to 9 mm to see if the width of
CBD was greater than this value. For the patients who met
the criteria for IOC, a fifth small port was created with a
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Figure 2. Photographs depict the procedures for the intraoperative cholangiography (2A & 2B) and the transcystic ductal stone
extraction (2C & 2D). A five French ureteral catheter was inserted into the common bile duct via an opening of the cystic duct and
was used for the dye injection. The arrow indicates an opening of the cystic duct. The common bile duct stone was being retrieved
by a endoscopically guided transcystic basket (2D).

14G needle over the right upper quadrant of the abdomen.
The needle was removed after penetrating the abdominal
wall and the sheath was left in situ. A #5 French catheter
was advanced through the sheath into the CBD via an
opening of the cystic duct. This approach avoided the
sharp angle that might occur when using original ports of
the upper abdomen to perform IOC or retrieving the CBD
stone. The cystic duct and the catheter were then snugly
clamped with hemoclips. Twenty ml of water soluble
contrast medium was pushed into CBD via the catheter and
a standard plain portable X-ray film of the upper abdomen
was obtained. When the CBD stones were visualized as
filling defects on the X-ray film, a stone basket was ad-
vanced into the CBD via the cystic duct to the estimated
distal end of the duct calculated by IOC film to remove the
stone(s). The stone basket was opened and was extracted
with a to-and-flo movement inside the common bile duct.
The stone(s) can then be captured and removed out of the
cystic duct smoothly (Fig. 2). If the stone(s) were unable to
be retrieved out of the cystic duct within 30 minutes (i.e.,
too large stone or too small cystic duct orifice), the lapa-
roscopic CBD exploration followed by T-tube insertion
was performed. The common bile duct was first opened
with a laparoscopic scissors. The CBD stone was removed.

D
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The T-tube was inserted into the CBD duct usually with
little difficulty. The opening of the duct was closed lapa-
roscopically with 4-O Vicryl (Ethicon, Somerville, NJ) su-
tures to secure the T-tube and to achieve a water-seal
closure. In the event that the CBD can not be identified
clearly, the duct was distended by infusing 20 ml of normal
saline through the ureteral catheter. The anatomy of the
CBD then became easily identified. A completion cholan-
giography was also performed at the end of the procedure
to document the CBD was free of stone.

Data Analysis

Demographic data and in-hospital care including oper-
ations and the length of the hospital stay of these patients
were collected and entered into a desktop computer for
subsequent analysis. Data were expressed as mean + S.D.
The comparison of means among groups was determined
by one-way ANOVA with LSD multiple comparison. The
comparison of the incidence of CBD stone based on pre-
determined criteria was performed by either Chi-square or
Fisher’s exact test when appropriate. The significant level
was determined at P < 0.05.
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Table 1.
Selective criteria for intraoperative cholangiography (I0C)
Criteria for IOC # of patients # of Positive I0C Positive rate PPV NPV
Biochemical profile
T-Bil 60 18 30% 0.316 0.973
D-Bil 46 13 28.2% 0.302 0.950
Alk-P 54 17 31.4% 0.315 0.968
SGOT 55 15 27.2% 0.288 0.958
All elevated 30 9 30% 0.300 0.935
Clinical finding
Jaundice 8 5 62.5% 0.571 0.920
Dilated CBD (> 9mm)
Ultrasound 32 17 53.1% 0.533 0.966
Under laparoscopy 53 21 39.6% 0.404 0.990
Non of above 152 0 0.760

T-Bil, total bilirubin; D-Bil, direct bilirubin; Alk-P, alkaline phosphatase; SGOT, serum glutamic-oxaloacetic (aspartate) trans-
aminase; PPV, positive predictive value; NPV, negative predictive value.

RESULTS

During the study period, we had total 249 patients and
most of them were admitted through the emergency
department. The mean age was 52.5 + 12.4 years (range,
20-85). 143 (57.4%) patients were women and 106 (42.6%)
patients were men. The symptoms of our patients included
RUQ pain <4 days, abdominal tenderness and peritoneal
irritation on physical examination, and positive Murphy’s
sign. The duration of symptoms was 3.1 +0.81 days
(range, 2—4). The diagnosis of cholecystitis was suspected
from the presenting symptoms and was confirmed by ab-
dominal ultrasonography. Five patients were converted to
open cholecystectomy due to the obscure anatomy. The
rest of patients underwent laparoscopic cholecystectomy.
Pathologic examination of the specimen showed either
acute cholecystitis or acute and chronic cholecystitis in all
patients.

Patients were selected to have IOC if at least one of the
predetermined criteria was present. We had total 92 pa-
tients underwent IOC and two of them were unsuccessful
due to the occluded cystic duct. Twenty three (25.6%)
patients had filling defects in the common bile duct.
Positive rate, positive predictive value, and negative
predictive value of the criteria used in the study were
shown in Table 1. The positive rate of CBD stone de-
tected by IOC among patients who had at least one
abnormal biochemical value over control levels was
about 27% to 30%. Not a single biochemical test ap-
peared more sensitive than others. There were 30 pa-
tients with abnormal findings of all biochemical tests;
only 9 (30%) patients had CBD stone. Patients who
presented with clinical jaundice on physical examination
(e.g., icteric sclera) had much higher positive rate of CBD

stone. CBD dilation seen on preoperative abdominal
ultrasonography or during laparoscopy had 40 to 53%
positive rate.

All 23 patients who had filling defects in CBD duct
detected by cholangiogram underwent stone extraction
out of the cystic duct with a stone basket. The procedure
was successful in 14 patients. In the other 9 patients,
laparoscopic CBD exploration and removal of stones
were performed. The completion cholangiogram docu-
mented CBD to be free of residual stone in all 23 pa-
tients. The average operative time for laparoscopic
cholecystectomy was 98 + 27 min. Subsequent manage-
ment of CBD stone significantly increased operative time:
172.5 £ 48 min for the transcystic duct extraction group
and 206 £ 44 min for the laparoscopic CBD exploration
group (P < 0.000D).

Postoperative Course and Follow-up

Most patients were discharged within 6 days of admis-
sion. Additional procedures to remove CBD stone or to
place T-tube did not prolong the hospitalization (5.4 + 2.3
vs. 4.9 £ 1.6 days, P> 0.05). There were five complications
including four umbilical trochar site infections and one
cystic stump leakage that required a second laparoscopy to
control the leakage. All five patients were discharged
uneventfully within 11 days. Patients were followed up to
37 months (range: 25 to 37 months and mean of 26.9
months). Only one patient presented with clinical jaundice
36 months after the cholecystectomy and subsequent ERCP
removed a CBD stone. This patient fulfilled the criteria for
IOC. However, the procedure was unsuccessful due to the
occluded cystic duct.
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DISCUSSION

After Dr. Mirizzi first performed operative cholangiogra-
phy in 1931, the application of operative cholangiography
for the evaluation of choledocholithiasis has become more
important especially in the ear of laparoscopic cholecys-
tectomy. There are debates and lack of consensus in the
routine or selective use of IOC.>™*?1* The main advantage
for routine IOC may include the identification of unsus-
pected common bile duct stones as well as better definition
of the extra-hepatic ductal anatomy, which will help sur-
geons to avoid incidental injury to the bile duct.’>'° How-
the reported incidence of false positive
cholangiograms still ranges from 2% to 16%.'"° If we fol-
low and abide the results of the routine IOC, it is likely that
the rate of unnecessary conversion or postoperative inter-
ventional procedures (e.g., endoscopic sphinterotomy)
could be unacceptably high.?! Furthermore, the extra-he-
patic duct injury can occur even in the skilled hand of
laparoscopic surgeons who advocate the routine use of
I0C.**** Thus, the routine use of I0C does not provide
insurance for avoiding extra-hepatic duct injury. This pro-
spective study was done to specifically examine four simple
criteria that surgeons could easily determine either before
the operation or during LC. There were 8 patients who
presented with icteric sclera and five of them had CBD
stones seen on IOC. Although abnormal chemical profile
has been used with good success to “screen” patients for
10C,** our study was unable to support this approach.
Abnormal values of serum biochemical tests are neither
sensitive nor specific. Even in patients who had elevated
values in all tests still had only 30% positive rate of CBD
stone detected by IOC. In this study we did not determine
the levels of serum gamma glutamyltransferase (GGT). It
has been suggested that GGT levels greater than seven
times of normal values may predict the presence of CBD
stone.”> GGT test is not part of the STAT lab panels in our
hospital and the levels of GGT among our patients therefore
could not be determined preoperatively. In addition, our
data need to be interpreted with caution since we excluded
patients with bilirubin > 6 ng/dL for the fear of the presence
periampullary malignancy. These patients will benefit from
additional preoperative evaluation such as ERCP. Patients
with gallstone pancreatitis were excluded from the present
study and were enrolled into another study. The dilation of
CBD on preoperative abdominal sonography or during the
laparoscopy also had about 50% positive rate. This finding
is surprising since CBD dilation has been used as a useful
indicator of CBD stone. The study by Prat et al., shows that
CBD > 7 mm could predict the presence of CBD stone
especially in patients younger than 60 years old.”> How-

ever,
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ever, unlike our study half of their patients underwent
elective cholecystectomy. Further studies are needed to
investigate whether CBD becomes dilated when visualized
by laparoscopy in the setting of acute inflammation. Taken
together, it is most useful to use these criteria to screen
patients not to perform IOC. Among patients who had
normal biochemical profile during preoperative workup
and with normal size CBD, none had clinical evidence of
CBD stone during the postoperative followup. The chol-
angiogram appears unnecessary in these patients.

The presence of CBD stone might be difficult to man-
age during LC. If CBD stone is found preoperatively,
many surgeons will favor endoscopic sphinterotomy
(EST) to clear the common bile duct before LC.**?
However, CBD stone is not easily detected by the
abdominal sonography. Liberal use of EST based on the
size of the CBD duct or elevated biochemical markers
might not be cost-effective since the positive findings are
low.?° In addition, certain risks have been shown to be
associated with ERCP and EST. Recently, many surgeons
have used laparoscopic techniques in managing ductal
stones including the transcystic duct stone extraction and
the laparoscopic CBD exploration with T-tube inser-
tion.>'% These laparoscopic techniques allow surgeons
to complete all the needed procedures during LC.*> In our
study, we successfully retrieved CBD stone out of the
cystic duct in 14 patients. Nine patients however required
laparoscopic CBD exploration and T-tube placement. The
performance of I0C increased the operative time by 20
min. Transcystic duct extraction or laparoscopic CBD
exploration significantly prolonged the operative time (P
< 0.0001). The long operative time of our patients studied
might be attributed to the technical difficulty due to
several adhesion and inflammation of the gall bladder and
the surrounding tissue. Despite the prolonged operative
time to remove the CBD stone, the admission days were
not affected by these laparoscopic techniques. There were
five complications in our series including four wound
infections and one leakage from the cystic duct stump.
The leakage was due to the slippage of the clips that was
applied on the severely inflamed portion of the cystic
duct that ate through the tissue and fell off. The leakage
was easily controlled during a second laparoscopy.

Intraoperative cholangiogram (IOC) was unsuccessful in
two patients due to the severe inflammation of gall
bladder and the occlusion of cystic duct. One patient
subsequently presented with jaundice 36 months after LC.
ERCP confirmed the presence of a CBD stone that was
removed uneventfully. The remaining patients were
symptoms free during the follow-up period. Based on
these findings, we believe that in patients whose IOC was
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not possible they should have ERCP only if they become
symptomatic during postoperative follow up. However,
we also have to point out that our data are only appli-
cable to patients with either acute cholecystitis or chronic
cholecystitis with acute symptoms. Our findings should
not be extrapolated to patients with biliary colic or gall-
stone pancreatitis.

In conclusion, using four simple screening criteria, we
were able to selectively perform IOC without missing
any significant CBD stone. In addition, laparoscopic
management of CBD stone either by the transcystic
ductal extraction or laparoscopic CBD exploration ap-
pears feasible and should be considered by biliary sur-
geons.
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