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undergoing laparoscopic cholecystectomy, selective intraoperative
cholangiography and postoperative endoscopic retrograde
cholangiopancreatography is an effective strategy to limit
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Abstract

Background There is debate about whether intraoperative

cholangiography (IOC) should be performed routinely or

selectively during laparoscopic cholecystectomy (LC) in

patients with suspected choledocholithiasis. The timing of

endoscopic retrograde cholangiopancreatography (ERCP)

in these patients also is an issue. We reviewed the expe-

rience in our center, where a management algorithm

limiting ERCP in relation to LC was adopted.

Methods We retrospectively reviewed every LC per-

formed by one surgeon during 6 years and the related

ERCPs.

Results A total of 264 LCs were performed. In 30 patients,

stones were cleared or excluded by preoperative ERCP. In

the remaining 234 LCs, 31 of 34 IOCs were successfully

performed. Two of 31 IOCs were positive for bile duct

stones; stone removal was successful in each patient at

subsequent ERCP. Only 10 of 201 patients who did not have

IOC required postsurgical ERCP within 10 weeks of LC, 3

of whom had common bile duct stones at ERCP.

Conclusions For patients who underwent LC, we per-

formed selective IOC with postoperative ERCP for positive

studies. Review of our experience using this algorithm

showed it to be a powerful tool in limiting unnecessary

ERCPs. Our data suggest that routine preoperative ERCP

cannot be justified. Selective IOC during LC misses rela-

tively few cases of biliary stones; these can be managed

quickly by experienced endoscopists.

Keywords Cholecystectomy � Endoscopic retrograde

cholangiopancreatography � Gallstones � Common bile duct

There is ongoing debate about whether intraoperative chol-

angiography (IOC) should be performed routinely [1–4] or

selectively [5–7] during laparoscopic cholecystectomy (LC),

and regarding the timing of preoperative or postoperative

endoscopic retrograde cholangiopancreatography (ERCP)

[8–14] in patients who are suspected of having choledo-

cholithiasis. Laparoscopic common bile duct (CBD)

exploration has emerged recently as a treatment option for

ductal stones; however, ERCP before or after LC is still the

most common approach [15–17]. Several studies in the

laparoscopic age have investigated the use of preoperative

criteria, such as liver function tests (LFTs), ultrasound

findings, and features and severity of pancreatitis and cho-

langitis, to predict likelihood of common bile duct stones.

The results vary somewhat between studies but overall have
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been fairly disappointing [8–13, 18]. The use of these and

other criteria to ‘‘drive’’ the use of preoperative ERCP has

resulted in a high percentage of negative studies. Whether

IOC should be performed routinely or selectively also is

controversial. Common bile duct stones (CBDS) in patients

undergoing elective LC may occur in up to 11% of cases

[3, 4, 19, 20]. Some have suggested that routine IOC should

be the ‘‘gold standard’’ because its use reduces the proba-

bility of retained CBDS and reduces the risk of CBD damage

during laparoscopic surgery. However, many laparoscopic

surgeons feel that selective use of IOC is preferable. We

reviewed a 6-year experience in our major referral center,

where a management algorithm limiting ERCP in relation to

LC was agreed on between the endoscopists and one senior

biliary surgeon.

Patients and methods

We retrospectively reviewed a database of every LC per-

formed between August 1993 and February 1999 by one

experienced surgeon (TNP) at our tertiary referral center.

Further patient details were obtained from hospital records.

Permission to perform these record searches was granted

by the Duke University Medical Center Institutional

Review Board (IRB). Details of patient demographics were

recorded. Indications for LC were detailed, as were the use

and findings of IOC. The outcome of all patients who had

IOC performed was studied. The incidence of postopera-

tive ERCP within 10 weeks of surgery in patients who did

not have IOC was determined. ERCPs relating to these

procedures were reviewed in two computerized endoscopy

databases. All ERCPs were performed by senior endosco-

pists skilled in ERCP (JB, MSB, PSJ).

Surgical technique for LC and IOC

A standardized, four-cannula technique was used for lapa-

roscopic cholecystectomy. Intraoperative cholangiography

(IOC) was performed if there was a concern about possible

CBDS based on preoperative indicators (see below) or there

was a need to define the biliary anatomy. IOC was performed

in a standard manner: the cystic duct was identified and a clip

placed close to the gallbladder neck; a pair of straight scissors

was used to open the duct, and a flexible cholangiography

catheter was introduced to perform cholangiography.

Results

LC was performed in 264 patients (87 male, 177 female)

during the study period (Fig. 1). In 30 patients, CBDS were

cleared or excluded by preoperative ERCP. The main

indications for preoperative ERCP were gallstone pancre-

atitis (n = 7), cholangitis (n = 4), jaundice/abnormal

LFTs (n = 12), dilated CBD on ultrasound (n = 6), and

chronic abdominal pain (n = 1). For the purposes of this

study, the 30 patients who had preoperative ERCP were

excluded from further analysis.

Indications for laparoscopic cholecystectomy

In the remaining 234 patients, indications for LC included

cholelithiasis (n = 154), acute (n = 31) and chronic

(n = 19) cholecystitis, gallstone pancreatitis (n = 10),

biliary colic (n = 5), and ‘‘other’’ (e.g., suspected gall-

bladder dyskinesia; n = 15) (Table 1).

Intraoperative cholangiography

During the 234 LCs, 31 of 34 (91%) IOC attempts were

successful. A policy of selective IOC was used by the

surgeon in this study; the decision to perform this imaging

was based on a variety of preoperative indicators, including

a history of gallstone pancreatitis, mild dilatation of the

biliary tree on transabdominal ultrasound, and abnormal

LFTs (Table 2). Only 2 of 31 (6.5%) IOCs were positive

30 pts

yes

29 pts

negative

2 pts

positive

31 pts

successful

3 pts

failed

200 pts

not done

IOC during LC?

234 pts

no

Pre-operative ERCP?

264 LCs

Fig. 1 Outcomes of 264 patients who underwent laparoscopic

cholecystectomy

Table 1 Indications for 234 laparoscopic cholecystectomies

performed during study period

Indication No. of

patients

Cholelithiasis 154

Acute cholecystitis 31

Chronic cholecystitis 19

Gallstone pancreatitis 10

Biliary colic 5

Other (e.g., gallbladder dyskinesia) 15
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for bile duct stones. These two patients had ERCP with

successful stone removal within 24 hours of LC. Five IOCs

showed mildly dilated CBDs with no evidence of CBDS,

possibly reflecting recent stone passage. The other 24 IOCs

were within normal limits.

Postoperative ERCP in patients who did not undergo

IOC or had failed IOC

Two of three patients with failed IOCs had early postoper-

ative ERCP: one for abdominal pain and ultrasound findings

suggesting a stone, and the other for persistently abnormal

LFTs. The first patient had a CBD stone, which was removed,

and the second had a normal biliary tree. Another eight

patients who did not have IOC during LC underwent ERCP

within 10 weeks of LC: for acute pancreatitis, abdominal

pain, abnormal LFTs, and unexplained fever. ERCP was

normal in six of eight patients; two of eight had CBDS suc-

cessfully removed. Thus, only 10 of 201 patients (5%) who

did not have IOC (i.e., not performed or failed) had post-

surgical ERCP within 10 weeks of LC (Table 3). If we

include the 2 patients with positive IOCs, only 12 of 234

patients (5.1%) required postoperative ERCP. There were no

diagnostic or therapeutic ERCP failures.

Discussion

Whether intraoperative cholangiography (IOC) should be

performed routinely or selectively at the time of laparoscopic

cholecystectomy (LC) is still a subject of much debate.

Advocates of routine IOC argue that preoperative prediction

of choledocholithiasis is inaccurate and that IOC is the only

way to guarantee a stone-free bile duct, thereby minimizing

subsequent problems related to CBDS [1–4]. CBDS are

reported in 2–11% of cases in LC series during which IOC is

performed routinely [3, 4, 19, 20]. IOC has been made easier,

faster, and more accurate by the advent of intraoperative

fluoroscopy. Those who support routine IOC stress the

importance of delineation of biliary anatomy to avoid or

lessen bile duct injury during laparoscopic surgery [2, 21–

23]. A recent, prospective study reported an abnormal IOC in

287 (27.2%) of 1,056 IOCs that had been performed rou-

tinely during LC [24]. Although routine IOC may not

decrease the overall incidence of operative injuries to the bile

duct, there is evidence that its routine use may minimize the

extent of the injury so that it can be repaired easily without

significant consequences for the patient [2, 25, 26]. In

addition, there is evidence to suggest that routine IOC during

LC is a cost-effective means of preventing the costs of

delayed recognition of bile duct injuries [27]. However,

other studies have shown that IOC could be selectively

performed and had few postoperative CBD stone compli-

cations [5, 7, 28–30]. One group proposed that it is

Table 2 Preoperative findings resulting in use of intraoperative

cholangiography during laparoscopic cholecystectomy: 31 successful,

3 failed

Indication No. of

patients

Abnormal LFTs 18

Gallstone pancreatitis 12

Dilated biliary tree on ultrasound 2

CBD obstruction on cholescintigraphy 1

No obvious indication 1

LFTs Liver function tests, CBD common bile duct

Table 3 Postoperative ERCPs within 10 weeks of LC in 234 patients

Patient IOC performed? Interval between

LC and ERCP

Indication for postoperative ERCP Results of ERCP

A Yes, CBD stones 1 day IOC positive for CBD stone 1 CBD stone; removed

B Yes, CBD stones 1 day IOC positive for CBD stone 2 CBD stones; removed

C Failed 8 days Abdominal pain, abnormal ultrasound 1 CBD stone; removed

D Failed 1 day Abnormal LFTs Normal

E No 11 days Acute pancreatitis Normal

F No 6 days Abdominal pain, abnormal LFTs Cystic stump duct leak; no stones

G No 24 days Abnormal LFTs, fever Normal

H No Same day Abdominal pain Dilated CBD but no stones

I No 62 days Abdominal pain, abnormal LFTs CBD stone; removed

J No 7 days Abdominal pain, abnormal LFTs CBD stone; removed

K No 7 days Abdominal pain, abnormal LFTs, fever Dilated CBD but no stones

L No 15 days Abdominal pain, abnormal LFTs Patulous papilla consistent with recent

stone passage; no stones found

ERCPs Endoscopic retrograde cholangiopancreatography, LC laparoscopic cholecystectomy, IOC intraoperative cholangiogram, CBD common

bile duct, LFTs liver function tests
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unreasonable to perform routine IOC during laparoscopic

cholecystectomy because it is negative in [90% of cases

[31]. In addition, IOC often involves more dissection, more

time, more cost, and more radiation exposure to the patient

and operating staff. Many surgeons in favor of selective use

of IOC during LC argue that IOC is not necessary in patients

with normal LFTs and CBD diameter, and no history of

gallstone pancreatitis or jaundice. In a prospective study of

155 patients to evaluate whether IOC could be safely omitted

during LC in patients who meet these criteria, there were

only four postoperative complications and one CBD injury,

and no patients were found to have retained CBDS during

follow-up [28]. In another study of more than 2,000 patients,

results of routine IOC were compared with selective IOC in

patients who underwent LC. The authors concluded from

their findings that the increased morbidity and cost of routine

IOC to avoid symptomatic residual CBDS is not justified,

and that selective IOC is an effective method of verifying

suspected CBDS [32].

The debate about the use of selective or routine IOC

during LC is intimately linked to the practice of preoperative

and postoperative ERCP. Most authorities agree that routine

preoperative ERCP cannot be justified. This practice exposes

patients to unnecessary morbidity and added cost. Although

preoperative studies, such as LFTs and ultrasound findings,

and clinical data, such as recent pancreatitis, cholangitis, or

obstructive jaundice, are not particularly reliable, several

studies have supported the practice of selective preoperative

ERCP based on the above factors followed by laparoscopic

cholecystectomy [8–13, 33]. It has been suggested by some,

in an attempt to limit the number of negative ERCPs before

laparoscopy, that preoperative ERCP should be reserved for

patients who have documented choledocholithiasis, acute

cholangitis, or severe biliary pancreatitis [3, 14, 18, 33].

When IOC demonstrates choledocholithiasis, the choices

include: (1) proceed to postoperative ERCP, (2) single-stage

laparoscopic procedure with cholecystectomy and laparo-

scopic bile duct exploration [15, 16], or, occasionally, (3)

open bile duct exploration. However, few surgeons have the

necessary training or an interest in performing laparoscopic

bile duct stone extraction. Because this latter procedure is

likely to be a practice adopted in only a limited number of

centers of excellence, many recommend routine IOC during

laparoscopic cholecystectomy and postoperative ERCP as

necessary. In experienced hands, postoperative ERCP to

clear CBDS has a high success rate: 97–100% in several

series [34–36]. An option that has received much less

attention is that of combined intraoperative LC and ERCP, a

combined procedure that includes a one-stage treatment of

cholelithiasis and choledocholithiasis [37]. This policy has

been shown to be effective but is not a common practice.

However, there is little information on the outcome of a

practice of selective use of both IOC and preoperative

ERCP. One study from Germany supported the practice of

selective preoperative, intraoperative, and postoperative

bile duct diagnosis for patients; results showed low mor-

bidity and high efficiency in avoiding CBDS with such a

practice [38]. Many who support selective preoperative

ERCP suggest routine IOC during laparoscopic cholecys-

tectomy in those patients who did not have preoperative

ERCP. Our large study supports the practice of selective

preoperative ERCP, selective IOC during laparoscopic

cholecystectomy and early postoperative ERCP for posi-

tive studies. Retrospective review of 6 years experience of

one surgeon adhering to this algorithm shows that it is a

powerful tool to limit unnecessary (low-yield) ERCPs. Our

reported low incidence (6.5%) of CBD stones at IOC may

suggest that, although the incidence of CBD stones at IOC

is approximately 10% as shown in some studies, the inci-

dence of symptomatic CBD stones is lower. We conclude

that routine preoperative ERCP cannot be justified and that

selective IOC during laparoscopic cholecystectomy misses

relatively few cases of retained CBDS, which can be dealt

with quickly by experienced endoscopists.
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