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Abstract
Background:The detection of small and often asymptom-
atic gallbladder calculi within the bile duct at intraoperative
cholangiography (IOC) during laparoscopic cholecystecto-
my (LC) frequently poses a management dilemma. There-
fore, we set out to compare the outcomes and costs of two
management strategies for small stones that remain in the
bile duct after LC—routine postoperative endoscopic retro-
grade cholangiopancreatography (ERCP) vs observation
alone with “on-demand” ERCP.
Methods: We studied 70 patients with bile duct stones
among 922 consecutive patients who underwent LC be-
tween 1990 and 1997. Data were collected prospectively.
Bile duct calculi were detected in 70 of 705 patients (9.9%)
with successful IOC. Of these, 44 patients had large calculi
($5 mm in diameter) and were subjected to a laparoscopic
common bile duct exploration. The remaining 26 patients
had small calculi (<5 mm in diameter); four of them had
undergone preoperative endoscopic sphincterotomy and
duct clearance and were therefore excluded from analysis.
Patients with small duct calculi were assigned, according to
individual surgeon policy, to either routine postoperative
ERCP (group A,n 4 8) or observation (group B,n 4 14).
ERCP was reserved for those who become symptomatic.
The two groups were comparable for age and sex distribu-
tion.
Results:No complications developed during the follow-up
period in patients assigned to observation, although four
became symptomatic and underwent ERCP. In group A,
ERCP demonstrated a clear biliary tree in four patients and
bile duct calculi in three patients; it failed in one patient. In

group B, ERCP demonstrated a clear bile duct in one patient
and bile duct calculi in two patients; it also failed in one
patient. Endoscopic sphincterotomy and duct clearance
were achieved in all patients with demonstrable bile duct
calculi at ERCP. There was no morbidity or mortality as-
sociated with ERCP. The overall hospital stay was signifi-
cantly longer in group A than in group B (median 5 vs 1.5
days;p 4 0.011); however, the number of outpatient clinic
visits was significantly greater in group b (median 3 vs 5.5,
p 4 0.011). The mean hospital costs, including the costs of
hospital stay, readmissions, ERCP, and follow-up, were sig-
nificantly greater in group A than in group B (mean £2669
vs £1508,p 4 0.008).
Conclusion:A “wait and see” policy of observation alone
for patients with small bile duct calculi detected at IOC
during LC appears to be safe, and it is more cost-effective
than routine postoperative ERCP. ERCP should be reserved
for post-LC patients who become symptomatic.
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Since the introduction of intraoperative cholangiography
(IOC) to identify bile duct calculi by Mirizzi in 1931 [14],
the technique has been widely used to demonstrate ductal
morphology and to detect duct stones during laparoscopic
cholecystectomy (LC) [16]. The detection of large calculi
within a dilated biliary tree may prompt exploration of the
common bile duct (CBD), or postoperative stone retrieval at
ERCP and endoscopic sphincterotomy (ES). However,
small asymptomatic calculi (<5 mm diameter) within a non-
dilated biliary system pose a management dilemma. Al-
though laparoscopic supraduodenal CBD exploration is fea-
sible, when it is performed on a nondilated biliary system, it
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may result in significant morbidity and is therefore ill ad-
vised [24]. Transcystic exploration is a suitable and attrac-
tive alternative, but it may not be feasible in some patients
[7, 20]. Furthermore, laparoscopic CBD exploration re-
quires additional equipment and expertise, as well as adding
to the operative time and cost [17].

If the surgeon elects not to explore patients with asymp-
tomatic small calculi within an nondilated biliary system, it
is still unclear whether postoperative endoscopic retrograde
cholangiopancreatography (ERCP) should be carried out
routinely or reserved for patients who become symptomatic.
Nor is it evident whether a conservative policy of observa-
tion only is safe, and if it is, how long follow-up should be
prolonged. In any case, we need to establish which policy is
more cost-effective.

Therefore, the aim of the present study was to examine
the two policies—routine ERCP and ERCP on demand—by
studying the prospectively collected data of routine opera-
tive cholangiography during laparoscopic cholecystectomy
over a 7-year period.

Patients and methods

Between July 1990 and December 1997 (90 months), 922 consecutive
patients underwent laparoscopic cholecystectomy at the General Infirmary,
Leeds, England, under the care of three surgeons. This series represents a
policy of LC for all-comers [11]. Data, including patient details as well as
operative and postoperative events, were collected prospectively and en-
tered into a computer database.

The management policy of patients with suspected bile duct calculi
during preoperative assessment (clinical, biochemical, and radiological)
depended on patient age. Patients older than 45 years of age were managed
by preoperative ERCP and ES, whereas younger patients were scheduled
for laparoscopic bile duct exploration. The Leeds technique of LC, which
employs routine liver retraction, has been described previously [4, 10, 11].
During the last 2 years, however, we have modified our technique to
include lower intraabdominal pressures (7–8 mmHg).

Operative cholangiography was routine and included fluoroscopy. The
shape of small filling defects within the bile duct and the direction of their
migration upon tilting of the operating table into Trendlenberg and reverse
Trendlenberg positions helped us to differentiate stones from air bubbles.
The detection of small calculi (<5 mm diameter) within the bile duct
prompted transcatheter flushing of the duct with normal saline under in-
travenous cover with a spasmolytic agent such as atropine or glucagon.
Patients with large duct calculi ($5 mm diameter) underwent laparoscopic
exploration, whereas patients with persistent small nonobstructing calculi
(<5 mm diameter) in a nondilated duct system received no further intra-
operative intervention. The latter patients were nonrandomly assigned to
either receive routine postoperative ERCP (“planned” ERCP) (group A) or
to undergo observation (group B), with ERCP reserved for those who
developed relevant symptoms or who had abnormal liver function tests
(“on-demand” ERCP). The assignment of patients to each of the manage-
ment options was surgeon-dependent, with the exception of those patients
who underwent preoperative ERCP, endoscopic sphincterotomy (ES), and
duct clearance. In these cases, the conservative approach (observation) was
followed. These patients were therefore excluded from analysis.

Patients were reviewed first at 6 weeks following LC or ERCP, and at
6-month outpatient follow-up thereafter, for up to 18 months after a suc-
cessful ERCP and for 3 years following a failed ERCP, or when observa-
tion alone was elected. Patients were assessed clinically and biochemically
during follow-up. Abdominal ultrasound was reserved for patients in group
B who became symptomatic or in whom abnormal liver function tests were
recorded.

The groups were compared in terms of clinical outcome, yield of post-
operative ERCP, postoperative complications of bile duct calculi and en-
doscopic intervention, hospital stay, readmission rate and duration, and
estimated hospital cost of post-LC care. Data on costs were obtained from
the finance department based on contract prices to local National Health
Service purchasers.

Statistical comparisons between groups were made with the Student
t-test for continuous variables and the chi-square test to compare categori-
cal variables. Statistical significance was accepted atp < 0.05.

Results

Intraoperative cholangiography was attempted in 815 pa-
tients (88%) and was successful in 705 (86.5%) of these
cases. Filling defects at IOC were seen in 70 patients (Fig.
1). Forty-four patients had large filling defects ($5 mm in
diameter) and were therefore subjected to laparoscopic bile
duct exploration, whereas the remaining 26 patients had
small filling defects (<5 mm in diameter).

The pre- and postoperative management and outcome of
the patients found to have small filling defects at IOC are
summarized in Table 1. Of these 26 patients, 20 had no
preoperative clinical, biochemical, or radiological features
suggestive of bile duct calculi; hence, the findings at IOC
were unsuspected. By contrast, the remaining six patients
had undergone preoperative ERCP for suspected bile duct
calculi. Preoperative ERCP confirmed bile duct calculi in
four of the patients, so they underwent endoscopic sphinc-
terotomy with stone extraction; these patients were there-
fore excluded from subsequent analysis. A clear duct was
demonstrated by retrograde cholangiography in the remain-
ing two patients, so no endoscopic sphincterotomy was per-
formed.

There were eight patients in group A and 14 patients in
group B. The two groups were comparable for age and sex
distribution (Table 1). Follow-up was available on all pa-
tients for a median period of 18 months (range, 8–27) in
group A and 33 months (range, 13–48) in group B. The
median number of outpatient clinic visits was significantly
greater in patients assigned to observation (group B) than in
patients who learned routine ERCP (groups A) (5.5 vs 3,p
4 0.011).

Fig. 1. Flow chart of postoperative management and outcome in 26 pa-
tients with small filling defects (<5 mm in diameter) at intraoperative
cholangiography (IOC). Patients underwent preoperative ERCP and endo-
scopic sphincterotomy with duct clearance.
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Postoperative course

The eight patients who underwent routine postoperative
ERCP (group A) remained asymptomatic during follow-up.
The postoperative course of the 14 patients assigned to un-
dergo observation (group B) is summarized in Fig. 1. Four
patients developed abdominal pain that may have been due
to bile duct calculi. One of these four developed liver func-
tion abnormalities, but the caliber of the biliary tree re-
mained normal on ultrasound examination in all cases.
None of the four patients developed serious complications
during follow-up (e.g., pancreatitis, cholangitis, or obstruc-
tive jaundice). Urgent readmission was necessary in one
patient for moderately severe abdominal pain, which re-
solved spontaneously. The median interval between LC and
the development of symptoms was 4 months (range, 1–13).
None of the four patients had undergone preoperative
ERCP, but all had postoperative ERCP. The other 10 pa-
tients in group B had an asymptomatic postoperative course,
and their liver function remained biochemically normal.

Postoperative ERCP

The median interval between surgery and postoperative
ERCP was 4 days (range, 2–12) in group A and 29 days
(range, 14–66) in group B. Postoperative ERCP findings are
summarized in Table 2. “Planned” ERCP in eight patients
revealed a normal biliary tree in four, bile duct calculi in
three, and failed cholangiography in one. The latter patient
remained asymptomatic at 29-month follow-up. “On de-
mand” ERCP in four patients revealed a normal biliary tree
in one, bile duct calculi in two, and failed cholangiography
in one. The latter patient subsequently underwent magnetic
resonance cholangiography that yielded normal findings;
however, an upper gastrointestinal endoscopy revealed re-
flux esophagitis. This condition responded well to proton
pump inhibitor therapy, which was maintained until 48
months’ follow-up. Endoscopic sphincterotomy with stone
extraction was successful in all five patients who demon-
strated bile duct calculi on postoperative ERCP. Thus, cal-
culi were detected in two of 14 patients (14%) assigned to
observation and three of eight patients (37.5%) assigned to
a “planned” ERCP (p 4 n.s). There was no morbidity or
mortality associated with the postop ERCP.

Readmissions and hospital stay

The data for readmissions and hospital stay are summarized
in Table 3. Although the hospital stays of readmitted pa-

tients were comparable, only four of 14 patients (29%) in
group B were readmitted, as compared to five of eight pa-
tients (63%) in group A. Hence, the overall hospital stay
(range), which takes into consideration all patients in each
group, was significantly shorter in group B (median, 1.5
days; range, 1–7) than in group A (median, 5 days; range,
2–6) (p 4 0.011).

Cost analysis

Cost comparisons are shown in Table 4. Although the cost
of outpatient follow-up was significantly greater in patients
assigned to observation than in those who received routine
ERCP (mean, £318 vs £206;p 4 0.018), the cost of post-
operative ERCP (mean, £275 vs £763;p 4 0.003) and the
cost of hospital stay (mean, £1700 vs £914;p 4 0.016)
were significantly lower and so was the total hospital cost
(mean, £2,669 vs £1,508;p 4 0.008).

Discussion

Overall, bile duct calculi are detected more frequently when
IOC is employed routinely (8–17%) [8, 15, 18, 22] rather
than selectively (1–5%) [5, 19]. Half to two-thirds of de-
tected calculi are asymptomatic and unsuspected and thus
pose a management dilemma[20]. Although laparoscopic
CBD exploration rather than postoperative ERCP and en-
doscopic sphincterotomy (ES) is our preferred treatment
option for the large calculi within a dilated biliary system
[12], we do not employ this technique for small calculi
within a nondilated biliary tree. Transcystic bile duct ex-
ploration [13] may be a viable management option for pa-
tients with small bile ducts, but it requires additional equip-
ment and expertise, adds to the operative cost, and may not
even be necessary.

Routine postoperative ERCP and observation alone are
the remaining treatment options. Though ERCP is an effec-

Table 1.Patients with small filling defects at intraoperative cholangiogra-
phy (IOC)

Group A
(n 4 8)

Group B
(n 4 14)

Age: median (range) yr 54 (38–86) 58 (31–79)
Sex: male/female 2/6 3/11
Postoperative ERCP 8 4
Follow-up: median (range) mo 18 (8–27) 33 (13–48)
Follow-up number of outpatient visits;

median (range)a 3 (2–6) 5.5 (3–11)

ERCP, endoscopic retrograde cholangiopancreatography
a p 4 0.11

Table 2.Findings at postoperative ERCP

Clear duct
Duct
stone(s)

Failed
cholangiography

“planned” ERCP (n 4 8) 4 3 1
“on demand” ERCP (n 4 4) 1 2 1

Table 3.Postoperative hospital stay and readmission after laparoscopic
cholecystectomy

Group A
(n 4 8)

Group B
(n 4 14)

Postoperative hospital stay (day): median (range) 1 (1–5) 1 (1–2)
Number of patients readmitted 5 4
Number of readmissions: elective/urgent 5/0 3/1
Hospital stay of readmitted patients (day):

median (range)
3 (2–5) 3 (3–6)

Overall hospital stay (day): median (range)a 5 (2–6) 1.5 (1–7)

a p 4 0.011
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tive method for the management of bile duct calculi, it is
associated with a recognized risk of complications (7–11%)
and mortality (#1%) [2, 6, 20, 21]. The risk of complica-
tions is considerably increased when ES is performed in the
presence of a small CBD [21]. These risks, however, should
be weighed against the potential harm that retained stones
may cause. In a report from Seattle, acute biliary pancreati-
tis developed during the follow-up period in 1.7% of pa-
tients who underwent LC for symptomatic cholelithiasis
[23]. Nonetheless, observation alone appears to be a safe
postoperative management strategy, since mild or no symp-
toms developed in the post-LC period in most other reported
series [1, 5, 9, 19], including our own.

Routine postoperative ERCP in patients with small CBD
calculi at IOC was associated with considerably higher costs
than the policy of observation and “on-demand” ERCP.
Longer follow-up, however, is required for the “wait and
see” policy. Since most patients with retained bile duct cal-
culi present within a few weeks or months (median, of 4
months in this series), and often no later than 2 years, fol-
lowing LC [19, 20], a follow-up period of 2 years is prob-
ably adequate. Alternatively, when a clear bile duct can be
seen with noninvasive imaging on magnetic resonance chol-
angiography [3] at 3–6 months following LC, earlier dis-
continuation of follow-up is possible.

In conclusion, an expectant policy (“observation”) in
patients with unsuspected small calculi (<5 mm) within
nondilated bile ducts detected at IOC during LC appears to
be safe and cost-effective. ERCP can be reserved for those
who become symptomatic.
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