Chapter 23
Management of Suspected Choledocholithiasis
on Intraoperative Cholangiography

B. Fernando Santos and Eric S. Hungness

Abstract Choledocholithiasis is a frequently encountered problem on intraopera-
tive cholangiography at the time of laparoscopic cholecystectomy. While numerous
strategies have been described for dealing with this intraoperative scenario, most
surgeons employ laparoscopic common bile duct exploration (LCBDE), open com-
mon bile duct exploration, or postoperative endoscopic retrograde cholangiopan-
creatography (ERCP) in this situation. It is important to understand the relative
outcomes of each of these strategies in terms of stone clearance rates, morbidity, the
need for secondary procedures, and other outcomes such as hospital length of stay.
Although the data are limited, the initial procedure of choice may be LCBDE
through a transcystic approach, followed by either transcholedochal exploration
(laparoscopic or open) or postoperative ERCP depending on anatomic factors and
available expertise.
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Introduction

Choledocholithiasis is a common problem, occurring in approximately 10—15 % of
all patients undergoing cholecystectomy [1]. In the “open” surgical era, the standard
of care for choledocholithiasis was open cholecystectomy with concurrent common
bile duct exploration. The introduction of laparoscopic cholecystectomy, however,
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made conversion to open common bile duct exploration in the setting of choledo-
cholithiasis discovered intraoperatively a less attractive option, leading to the
increased utilization of endoscopic retrograde cholangiopancreatography (ERCP)
for the diagnosis and management of choledocholithiasis. The eventual develop-
ment of laparoscopic common bile duct exploration, while expanding the available
therapeutic options for choledocholithiasis, has made the algorithm for the manage-
ment of choledocholithiasis more complex. This evidence-based chapter seeks to
identify and analyze the best available evidence for the management of a frequently
encountered scenario: choledocholithiasis discovered intra-operatively during lapa-
roscopic cholecystectomy. While numerous options have been described for dealing
with this scenario, the chapter will focus on the three main options of laparoscopic
common bile duct exploration (LCBDE), open common bile duct exploration
(OCBDE), and postoperative ERCP.

Search Strategy

A systematic search of the English language literature was conducted using PubMed
and the PICO methodology (Table 23.1). The “filter” function was used to select
articles classified as “Randomized Controlled Trial” in order to obtain the highest
quality comparative studies. The search terms used included “laparoscopic bile duct
exploration,” “open bile duct exploration,” “bile duct exploration”, “ERCP,” “endo-
scopic sphincterotomy,” “choledocholithiasis,” and “common bile duct stones.”
Studies that directly compared at least two of the three interventions (OCBDE,
LCBDE, or ERCP) were included. Studies that compared two different variations of
a single intervention (e.g. LCBDE with choledochoscopy versus LCBDE with fluo-
roscopy alone) were excluded, as were studies involving intraoperative
ERCP. Treatment outcomes of interest included stone clearance rate, morbidity
including bile duct injury, and the need for secondary procedures. Event rates were
reported as percentages or total numbers of patients, with means reported as mean
+ standard deviation unless otherwise noted.
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Table 23.1 PICO table — management strategies for patients with choledocholithiasis discovered
on intraoperative cholangiography

P (Patients) I (Intervention) C (Comparator) O (Outcomes)

Patients with Laparoscopic Open common Stone clearance rate,
choledocholithiasis on common bile bile duct morbidity, need for
intraoperative duct exploration | exploration or secondary procedures, and
cholangiogram postoperative hospital length of stay

ERCP
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Results

Aliterature search was conducted and included articles published prior to September
17th, 2014. A total of 590 articles were screened with a total of 16 randomized
controlled trials (RCT) meeting the inclusion and exclusion criteria. Seven of these
articles compared OCBDE to preoperative ERCP plus cholecystectomy [2—8], six
articles compared LCBDE to preoperative ERCP plus cholecystectomy [9-14], one
article compared OCBDE to LCBDE [15], and two articles compared LCBDE to
laparoscopic cholecystectomy with postoperative ERCP [16, 17].

The most relevant RCTs to help determine the best evidence-based strategy for
the management of choledocholithiasis found on intraoperative cholangiography
are those that compare LCBDE to postoperative ERCP (Rhodes 1998; Nathanson
2005) [16, 17], and LCBDE to OCBDE (Grubnik 2012) [15] (Table 23.2).
Unfortunately, there are no RCTs that have compared open cholecystectomy with
OCBDE versus open cholecystectomy with postoperative ERCP.

LCBDE Versus Postoperative ERCP

‘The study by Rhodes et al. recruited 480 patients undergoing laparoscopic chole-
cystectomy [17]. Eighty patients (17 %) in the study group had cholangiograms
demonstrating common bile duct (CBD) stones. The patients with choledocholithia-
sis were randomized intraoperatively to LCBDE or postoperative ERCP. For patients
in the LCBDE group, a transcystic approach was attempted for patients with small
CBD stones (<9 mm). A transcholedochal approach was instead used for patients
with larger stones, proximal stones, a failed transcystic approach, and as long as the
CBD was at least 6 mm to decrease the risk of postoperative stricture. Inability to
clear the ducts with LCBDE led to postoperative ERCP. Patients randomized to
postoperative ERCP underwent cholecystectomy followed by ERCP within 48 h of
surgery. Inability to clear the duct with postoperative ERCP was followed by repeat
ERCP attempt (s) 1 week later. The initial stone clearance rate for both groups was
equivalent (75 %). Morbidity was similar between groups (18 % for LCBDE versus
20 % for postoperative ERCP). Morbidity for LCBDE included conversion to open
surgery (2.5 %), urinary retention (2.5 %), readmission for pain of unclear etiology
(5 %), and bile leak related to transcholedochal exploration (7.5 %). Morbidity for
the postoperative ERCP group included hemorrhage requiring laparoscopic re-
operation (2.5 %), bile leak while waiting for ERCP (2.5 %), bleeding from sphinc-
terotomy site (7.5 %), and inability to clear CBD after repeated ERCP attempts (7.5
%). The need for postoperative ERCP was 25 % in the LCBDE group. Ten patients
in the LCBDE group required additional procedures (nine ERCPs and one conver-
sion to OCBDE). Ten patients randomized to postoperative ERCP required a second
ERCP, with five of these patients requiring a third ERCP for a total of 15 additional
ERCPs. Final stone clearance rate was 100 % for LCBDE patients and 93 % for
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postoperative ERCP patients. Median hospital length of stay was significantly
shorter for the LCBDE group (1 day, range 1-26 days) versus the postoperative
ERCP group (3.5 days, range 1-11 days, p=0.0001). The conclusions of this study
were that LCBDE can be performed with equivalent stone clearance rates, similar
morbidity, but a shorter hospital stay compared to postoperative ERCP.

Martin et al. reported on the technical evolution of a laparoscopic approach to
patients with choledocholithiasis, achieving successful stone clearance in 90 % of
patients using a combination of transcystic or transcholedochal exploration [18].
Given the higher morbidity with transcholedochal versus transcystic exploration in
their series, however, the same investigators (Nathanson et al.) then sought to study
whether patients who had failed transcystic stone clearance were better off with
immediate transcholedochal LCBDE or postoperative ERCP [16]. They enrolled
372 patients undergoing an attempt at transcystic LCBDE. The 23 % of patients
(n=86) who failed transcystic LCBDE were randomized intraoperatively to tran-
scholedochal LCBDE versus postoperative ERCP. Initial stone clearance rates were
similar (98 % for transcholedochal and 96 % for postoperative ERCP). One patient
in the LCBDE group required postoperative ERCP for a retained stone, while two
postoperative ERCP patients required LCBDE for retained stones. Overall morbid-
ity was similar between groups and included bile leak (six patients for transchole-
dochal LCBDE, none for ERCP), clinical pancreatitis (one patient in each group),
severe sepsis (one patient in each group), retained stone (two patients for postopera-
tive ERCP and one patient for LCBDE), gastrointestinal bleeding (two patients for
postoperative ERCP), early re-operation (two for transcholedochal LCBDE, and
two for postoperative ERCP), and late re-operation for a biliary stricture (one patient
in each group) possibly representing a bile duct injury from the procedure (s).
Hospital length of stay was similar (mean of 6.4 versus 7.7 days for transchole-
dochal LCBDE and postoperative ERCP, respectively). The conclusions of this
study were that either transcholedochal LCBDE or postoperative ERCP could be
performed with similar results for patients who had failed attempted transcystic
LCBDE. The authors recommended that transcholedochal LCBDE be avoided in
patients with a CBD less than 7 mm or in the setting of severe inflammation. They
advocated the use of transcholedochal LCBDE in patients with a history of a Billroth
II reconstruction, in those who failed ERCP, or in those who otherwise would expe-
rience long delays in being transferred to other centers for ERCP.

The results of these studies suggest that for patients found to have choledocholi-
thiasis on intraoperative cholangiography, LCBDE can achieve similar stone clear-
ance rates and morbidity compared to postoperative ERCP, and yet result in a shorter
length of stay and a decreased number of procedures.

LCBDE Versus OCBCE

How does LCBDE compare to OCBDE, the gold standard for choledocholithiasis
during the “open era,” in patients found to have choledocholithiasis on intraopera-
tive cholangiography? A single, randomized controlled trial from Eastern Europe
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addresses this question (Grubnik 2012) [15]. This trial enrolled 256 patients with
suspected choledocholithiasis, confirmed on intraoperative cholangiography, and
randomized them to LCBDE (n=138) or OCBDE (n=118). Bile duct exploration
was performed using an initial transcystic approach followed by a transcholedochal
approach if unsuccessful. Stone clearance rates for LCBDE were 71 % with an ini-
tial transcystic approach and 94 % with a subsequent transcholedochal approach.
Stone clearance rate with a transcystic approach was 10 % for OCBDE and 96.6 %
with a subsequent transcholedochal or transduodenal (one patient) approach. Four
patients (6.5 %) in the LCBCE group required postoperative ERCPs for stone clear-
ance, resulting in a 100 % final stone clearance rate. In the OCBDE group four
patients (3.3 %) required ERCP with one patient requiring an additional open re-
exploration., for a final stone clearance rate of 100 %. Overall morbidity was similar
between groups, with the exception of wound infections, which were more frequent
in OCBDE (6 % versus 0.7 % for LCBDE). Bile leak was similar in both groups
(1.4 % in LCBDE patients versus 0.8 % in OCBDE patients). Blood loss (20+ 12 ml
versus 285+27 ml) and length of stay were significantly less in the LCBDE group
(4.2+1.8 days versus 12.6+4.5 days for OCBDE, p<0.01). The conclusions of this
study were that LCBDE could be performed with similar efficacy and morbidity but
with a shortened length of stay compared to OCBDE.

There are several limitations of these studies including unclear preoperative
selection criteria and unclear length of follow-up. In addition, the use of non-
choledochoscopic methods for LCBDE in the study by Rhodes et al., and the use of
various methods for closing the choledochotomy (primary closure versus T-tube
versus primary closure with ampullary stent) introduce additional heterogeneity to
these studies. Finally, it is unclear from the studies how experienced the ERCP
operators were. The study by Rhodes has the potential for bias, as the surgeon per-
forming the LCBDE:s also performed a majority of the ERCPs, with an initial stone
clearance rate of 75 %. This low rate of clearance with postoperative ERCP seems
relatively low compared to clearance rates published in the literature of greater than
95 % in some large series [19].

Recommendations Based on the Data

1. Patients with choledocholithiasis discovered on intraoperative cholangiography,
should undergo an initial attempt at transcystic LCBDE if feasible (distal stone,
stone diameter <9 mm). (Evidence quality low, weak recommendation).

2. Patients with choledocholithiasis in whom transcystic LCBDE is unsuccessful,
should undergo either transcholedochal exploration (laparoscopic or open,
depending on surgeon experience) if the bile duct is greater than 7 mm, or post-
operative ERCP if feasible (available skilled endoscopist and favorable anat-
omy). (Evidence quality low, weak recommendation).
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A Personal View of the Data

The available data show that LCBDE compared to postoperative ERCP has compa-
rable safety and efficacy for the management of choledocholithiasis found on intra-
operative cholangiography, and on average results in a shorter hospital stay and
fewer numbers of postoperative procedures. The data also show that the efficacy of
LCBDE is comparable to that of OCBDE, but with decreased morbidity related to
wound complications and a shorter hospital length of stay. These data are consistent
with data showing the benefits of both LCBDE and OCBDE compared to ERCP
performed in the preoperative setting, which have been previously well-established
[2-8, 14]. Transcystic LCBDE appears to have fewer complications compared to
transcholedochal LCBDE and may be the most reasonable option to attempt ini-
tially, with transcholedochal LCBE or postoperative ERCP reserved as second-line
options depending on surgeon experience and access to ERCP. Although not used in
the study by Rhodes et al., flexible choledochoscopy is a valuable adjunct that may
increase the efficacy of transcystic LCBDE. Future studies with larger numbers of
patients are needed to confirm these benefits of LCBDE versus postoperative ERCP,
and would be most applicable if they limited LCBDE to a transcystic approach
which is a technique that is more likely to be a adopted by surgeons compared to
transcholedochal LCBDE.

Despite the evidence for its safety and efficacy, LCBDE continues to remain
largely underutilized for the treatment of choledocholithiasis compared to ERCP in
the United States, especially in urban settings [20, 21]. Among the many reasons for
this may be that LCBDE is viewed by some surgeons as too technically challenging,
time-consuming, logistically difficult, unnecessary in the setting of access to skilled
endoscopists in some centers, and the fact that LCBDE currently lacks a strong
training paradigm. Current training for LCBDE is largely dependent on operative
experience alone, which even for experienced surgeons can be infrequent.
Simulation-based LCBDE training curricula have recently been developed and may
have the potential to improve training for this relatively infrequent clinical scenario
[22, 23]. Such training could not only address surgeon skill but also could be applied
to improve familiarity of the operating room staff with the procedure and its equip-
ment needs, ultimately improving utilization of LCBDE in practice.
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