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Abstract
Introduction  Choledocholithiasis is most often managed in a two-procedure pathway including endoscopic retrograde 
cholangiopancreatography (ERCP) followed by laparoscopic cholecystectomy (LC). In contrast, a single-stage, surgery-first 
approach consisting of LC, cholangiogram, and laparoscopic common bile duct exploration (LCBDE) is associated with 
reduced hospital stays and equivalent morbidity. Despite this, nationwide referral patterns heavily favor ERCP, obscuring 
those undergoing ERCP with obstructions amenable to simple intraoperative interventions. We hypothesized that most 
patients had endoscopic findings consistent with simple sludge or small-to-medium stones, which could have been cleared 
by basic LCBDE maneuvers.
Methods  We retrospectively reviewed 294 patients > 18 years old who underwent preoperative ERCP for the management of 
suspected choledocholithiasis. Exclusion criteria included: failed ERCP, cholangitis, prior cholecystectomy, patient refusal 
of surgery, or medical conditions precluding surgical candidacy. Stone size was categorized as small (0–4 mm), medium 
(5–7 mm), and large (≥ 8 mm).
Results  At the time of ERCP, 37 (20.1%) patients had sludge only, 96 (52.2%) had stones only, 42 (22.8%) had sludge and 
stones, and 9 (4.8%) had no stones. Of the 138 patients with any stones, 37 (26.8%) had small stones, 41 (29.7%) medium, 
43 (31.2%) large, and 17 (12.3%) had uncharacterizable stones. Overall, 74.3% of patients had findings of sludge, stones 
(0–7 mm), or negative ERCP.
Conclusion  The majority of patients who underwent preoperative ERCP for suspected choledocholithiasis had findings that 
are amenable to simple intraoperative interventions. In fact, over a quarter of the patients had a negative ERCP, sludge, or 
small stones which would likely be cleared by flushing/glucagon precluding any further instrumentation. While large stones 
may require more advanced techniques, this represents a small percentage of patients. Surgery-first management for suspected 
choledocholithiasis can offer an efficient alternative for the majority of patients.

Keywords  Choledocholithiasis · ERCP · LCBDE

Gallstone disease is one of the most prevalent surgically 
treatable disorders in adults, and up to 19% of patients 
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undergoing cholecystectomy in the acute setting have chole-
docholithiasis [1]. The treatment pathway for choledocho-
lithiasis often includes an initial endoscopic retrograde chol-
angiopancreatography (ERCP) followed by a laparoscopic 
cholecystectomy (LC) [2]. An alternative is a single inter-
vention consisting of LC with intraoperative cholangiogram 
(IOC) and a laparoscopic common bile duct exploration 
(LCBDE) [2–5]. Despite several randomized control trials 
demonstrating the safety and success of LCBDE since its 
introduction in the 1990s, it has not been widely adopted 
as the standard of care and many centers still favor the 
two-stage pathway [3]. This treatment preference not only 
obscures the number of patients who may benefit from a sur-
gery-first approach, but also results in longer hospital stays, 
higher costs, and increased patient exposure to unnecessary 
interventions [6, 7].

While ERCP has well-established diagnostic and thera-
peutic benefits, it is associated with potential complications, 
including pancreatitis, post-sphincterotomy bleeding, infec-
tion, and perforation [8]. Moreover, depending on the indi-
cation guideline criteria, over 20% of ERCPs may result in 
CBD stone-negative cases [9, 10]. These non-therapeutic 
interventions likely arise from spontaneous stone migration 
prior to intervention or an incorrect preoperative diagno-
sis. This uncertainty raises concerns surrounding frequent 
utilization of ERCP including the risks associated with 
multiple anesthetic events. To minimize these risks, there is 
an increased reliance on advanced imaging techniques like 
MRCP prior to ERCP to ensure the correct diagnosis [11]. 
Furthermore, ERCP is not always effective. Studies have 
reported a post-ERCP choledocholethiasis incidence of up 
to 16.9% found on IOC during the subsequent LC [12]. For 
these reasons, proponents of LCBDE have suggested that 
IOC is equally effective as ERCP in identifying stones, fur-
ther supporting a surgery-first approach [13, 14]. Yet, despite 
the additional interventions, imaging, and laboratory studies 
that prolong length of stay and increase resource utilization, 
ERCP remains the dominant paradigm for the management 
of choledocholithiasis in the absence of cholangitis.

In contrast, LCBDE maneuvers are effective in clearing 
the majority of obstructions in choledocholithiasis, with suc-
cess rates ranging from 80 to 99% [3, 4, 15, 16]. Therefore, 
our intention was to identify the scope of missed opportuni-
ties for a surgery-first intervention in a tertiary care center. 
We sought to determine whether patients undergoing the 
ERCP-first pathway had endoscopic findings amenable to a 
surgery-first, single-stage approach. We hypothesized that 
the majority of patients undergoing preoperative ERCP for 
choledocholithiasis in the absence of cholangitis had findings 
that could have been cleared by basic LCBDE maneuvers, 
specifically, those with sludge, CBD stone-negative ERCPs, 
and small-to-medium stones. While large stones may require 
more advanced LCBDE techniques and equipment such as 

lithotripsy, we predicted this would be a small percentage of 
patients presenting with choledocholithiasis.

Methods

This study was approved by the Institutional Review Board 
(IRB). A retrospective chart review was performed and 
included all adult patients (age ≥ 18 years) who underwent 
preoperative ERCP from 2018 to 2022. Inclusion criteria 
included: age greater than 18 years old, a diagnosis of chole-
docholithiasis, and performance of a preoperative ERCP for 
suspected choledocholithiasis in patients who later under-
went cholecystectomy. The diagnosis was made by a com-
bination of imaging findings consistent with biliary obstruc-
tion (dilated ducts or evidence of stone), biochemical results, 
and clinical presentation. Exclusion criteria were ultimately 
a failed ERCP or instances in which ERCP would be a first-
line therapy, such as: a diagnosis of cholangitis, prior chol-
ecystectomy, patient declining of surgery, or medical condi-
tions precluding surgical candidacy [17].

We retrospectively reviewed patients’ medical records 
for baseline characteristics, hospital course, clinical data, 
and ERCP findings. Study data were collected and man-
aged using REDCap electronic data capture tools hosted 
at our institution [18]. Stone size was categorized as small 
(0–4 mm), medium (5–7 mm), and large (≥ 8 mm) based 
on institutional criteria as well as available definitions in 
the biliary literature [19–22]. Whenever multiple stones 
were encountered, the size of the largest stone was used for 
classification. All ERCP were performed by experienced 
endoscopists who routinely quantify stone sizes.

Results

A total of 535 patients who were diagnosed with obstructive 
biliary disease and underwent LC with either preoperative 
or postoperative ERPC from 2018 to 2022 were screened. 
After excluding those who were under the age of 18 and 
those with postoperative ERCPs, 294 patients of interest 
were identified. Of these patients, those with a diagnosis 
of cholangitis (n = 97), refused surgery (n = 3), unfit surgi-
cal candidates (n = 4), prior cholecystectomy (n = 2), and 
patients with a failed ERCP (n = 4) were excluded. A total 
of 184 patients who received preoperative ERCP prior to 
laparoscopic cholecystectomy were included. Baseline char-
acteristics included 104 females and 80 males with a median 
(IQR) age of 61.2 years (42.5–73.3), body mass index (BMI) 
of 29.5 kg/m2 (25.6–35.7). The median (IQR) length of stay 
was 88.6 h (68.7–118.8), and time from admission to ERCP 
intervention was 21.5 h (13.1–39.7). See Fig. 1 for a break-
down of included and excluded patients.
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Ninety-four (51.1%) patients had a diagnosis involving 
choledocholithiasis without acute cholecystitis, making it 
the most common diagnosis. This was followed by chole-
docholithiasis with cholecystitis in 56 (30.4%) patients, and 
gallstone pancreatitis in 34 patients (18.5%). The majority of 
patients (57.1%) underwent multiple imaging modalities to 
characterize their pathology. This included ultrasound (US) 
in 128 (69.6%) patients, computed tomography (CT) scan in 
117 (63.5%) patients, and magnetic resonance cholangiopan-
creatography (MRCP) in 63 (34.2%) patients. Stone identi-
fication rates for US, CT, and MRCP were 79.7%, 75.2%, 
88.9%, respectively. Of the patients where pre-ERCP imag-
ing identified or suggested stones, the ERCP-stone confir-
mation rate for US, CT, and MRCP were 67.7%, 76.1%, and 
78.6%, respectively.

Of those included, 37 (20.1%) patients had sludge only, 
42 (22.8%) patients had sludge and stones, 96 (52.2%) had 
stones only, and 9 (4.9%) patients had CBD stone-negative 
ERCPs, defined as nothing returned or removed during bal-
loon sweeps (see Table 1). Of the 138 patients with stone 
involvement (either stones only or sludge and stones), 37 
(26.8%) had small stones, 41 (29.7%) had medium-sized 
stones, 43 (31.2%) patients had large stones, and 17 (12.3%) 
had uncharacterized stones (see Table 2, Fig. 2). Sphinc-
terotomy was performed in 175 (95%) patients, with 14 
(8%) patients experiencing post-sphincterotomy bleeding. 
The median (IQR) CBD diameter was 10 mm (7–12). Stent 
placement was performed in 85 (45.9%) patients, in which 

74 (40.2%) patients had biliary stents and 11 (5.9%) of 
patients had pancreatic stents placed. Of those who under-
went preoperative ERCP (n = 184), 17 patients did not have 
complete reports specifying endoscopic findings. Among 
those with characterizable findings (n = 167), 124 (74.3%) 
patients had findings of sludge, sludge and stones, small or 
medium stones, or negative returns.

Discussion

Our study indicates that the majority of patients, 74.3%, 
who undergo preoperative ERCP for suspected choledocho-
lithiasis without cholangitis have findings that are poten-
tially amenable to clearance with simple intraoperative 

Fig. 1   Patient breakdown of inclusion and exclusion criteria

Table 1   Endoscopic findings

Endoscopic findings Number Percentage

Sludge only 37 20.1
Sludge and stones 42 22.8
Stones only 96 52.2
Nothing returned/removed 9 4.9

Table 2   Stone size characteristics

This table represents the breakdown of patients with small, medium, 
or large stones. NA corresponds to patients with uncharacterizable 
stones

Stone characterization Number Proportion (%)

Small (0–4 mm) 37 26.8
Medium (5–7 mm) 41 29.7
Large (≥ 8 mm) 43 31.2
N/A 17 12.3

Fig. 2   Pie chart representing stone size distribution based on stone 
findings. NA corresponds to uncharacterizable stones
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interventions. We defined findings amenable to simple 
LCBDE maneuvers as endoscopic findings of sludge, small 
or medium stones, or stone-negative ERCPs. While large 
stones may require more advanced LCBDE techniques and 
equipment such as transcystic or transductal choledocoscopy 
and lithotripsy, this represents a small percentage of patients 
presenting with choledocholithiasis.

The optimal management of choledocholithiasis remains 
controversial. Despite the advancement of laparoscopy and 
decades of LCBDE experience, the traditional two-stage 
pathway involving preoperative ERCP followed by LC 
remains the preferred treatment modality at many institu-
tions. While several studies have compared both approaches 
and demonstrated equivalent stone clearance rates and 
similar mortality and morbidity, LCBDE as a single-stage 
procedure offers the advantage of an individual anesthetic 
event resulting in shorter hospital stays and lower costs 
[3, 15, 23–25]. In fact, some studies suggest LCBDE can 
reduce the length of stay by 2 days, with a mean hospital 
stay between 40 and 50 h compared to over 80 h for ERCPs 
[24, 25]. Consistent with previous ERCP + LC literature, 
the median length of stay of our current study was 88.6 h. 
The longer hospital stay associated with the two-stage path-
way can likely be attributed to the acquisition of additional 
imaging, time interval between anesthetic events, and trend-
ing biochemical markers; while the single-stage approach 
simultaneously confirms and treats choledocholithiasis in 
one intervention.

The implementation and efficacy of LCBDE are predi-
cated on the surgeon’s comfort with LCBDE techniques and 
training, equipment availability, costs, as well as staff and 
institutional support. Moreover, the chosen approach, either 
transcystic or transductal, can also play a role. For instance, 
a study of 500 patients achieved a 99% stone clearance 
rate using both transcystic and transductal LCBDE, with a 
median stone size of 6–7 mm [4]. The authors reported that 
14% of cases had findings of sludge at the time of LCBDE, 
which is consistent with our findings of 20% at the time of 
ERCP. However, while several studies report high success 
rates utilizing transcystic approaches, few define the success 
of a transcystic approach in relation to stone sizes, leaving 
room for uncertainty. For example, Martin et al., advocate 
that a transcystic approach should be attempted in all LCB-
DEs, yet report a success rate of only 67.3% [26]. Mean-
while, a systematic review and meta-analysis evaluating 
transcystic and transductal LCBDE report a 91% clearance 
versus 94%, respectively [27]. Tokumura et al. did comment 
on stone sizes, suggesting that stones less than 9 mm can be 
removed via a transcystic approach with a success rate of 
87.5% [28]. Similarly, a prospective series of 505 patients 
reports a 72.5% ductal clearance success rate via transcystic 
approach for stones that were smaller than 7 mm, which is 
consistent with our hypothesis that most non-large stones 

can be cleared via simple LCBDE maneuvers [29]. There-
fore, defining stone size is important to determine the effec-
tiveness of LCBDE and characterize patients who will likely 
have successful clearance via the single-stage pathway.

The characterization of common bile duct stone sizes 
varies across studies, with various groups defining small, 
medium and large stones differently. Attasaranya et al., 
describe large stones as up to 25 mm in size [20], while oth-
ers have defined large stones with ranges between ≥ 5 mm 
to ≥ 15 mm [22, 30]. Given the wide range of large stone size 
diameters reported in the literature, we defined large stones 
as ≥ 8 mm, as these stones may require advanced endoscopic 
or laparoscopic techniques for clearance [17, 24, 30, 31]. 
The majority of patients in our study had stones smaller than 
8 mm, findings that have been reported to be amenable to 
clearance with simple transcystic LCBDE techniques [28, 
32].

Small stones < 4 mm have a higher likelihood of spon-
taneous passage, and as such, may be amenable to simple 
power flushing and glucagon administration during LC and 
IOC [33, 34]. In fact, if we were to consider this in this 
patient cohort, of the 167 patients with characterizable com-
plete endoscopic findings, 50% off all our study patients had 
findings that would likely resolve solely with power flush-
ing or glucagon administration. This represents 67% of the 
patients identified as being amenable to LCBDE maneuvers. 
Moreover, some authors have suggested that patients who 
are found to have stones smaller than 5 mm after surgery 
do not require subsequent ERCP interventions as these are 
likely to pass on their own. This furthers the assertion that a 
surgery-first approach for these patients can eliminate unnec-
essary additional interventions as simple flushing may be the 
solution [19]. These concepts support a single-intervention 
approach as being a reasonable first-line treatment.

Despite being a relatively safe procedure, ERCP is asso-
ciated with a risk of pancreatitis, bleeding, and perfora-
tion [35]. ERCP with sphincterotomy may also disrupt the 
sphincter of Oddi’s integrity, leading to duodenal-biliary 
reflux, a major cause of stone recurrence and chronic chol-
angitis [35, 36]. Although over 20% of ERCP interventions 
have no return of stones (i.e., negative ERCP), false positive 
rates of IOC during LCBDE are lower at 7% [14, 37]. This 
high rate of negative results from ERCP further supports 
the notion of a surgery-first approach. Since surgical inter-
vention in the form of LC is necessary in both approaches, 
a surgery-first approach can help avoid unnecessary pro-
cedures and multiple anesthetic events while providing a 
treatment alternative that is associated with shorter inpatient 
stays [2, 3, 6].

The limitations of this study include its retrospective 
nature and a relatively limited number of patients included. 
Moreover, it is possible that this study’s main finding 
that 74.3% of ERCP cases will be amenable to LCBDE 
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maneuvers is an overestimation. Other factors may contrib-
ute to the difficulty of performing LCBDE successfully, and 
looking at stone size alone may be an oversimplification. 
For example, cystic duct tortuosity and diameter, CBD size, 
location of obstruction, multiplicity of stones, and severity 
of gallbladder inflammation may affect LCBDE outcomes. 
While stone size is just one consideration, it is helpful to 
have the general awareness that clinical concern for chole-
docholithiasis often translates to small stones or sludge. A 
surgery-first approach allows for minimization of negative 
ERCPs and can facilitate clearance of the duct in agreeable 
operative settings. Follow-up studies will include a multi-
center analysis of patients undergoing a two-stage approach 
and their endoscopic findings to further characterize those 
who would benefit from a single-stage approach. An addi-
tional desired future direction of our work is to implement 
a clear clinical pathway directed by stone size for providers 
at our institution in order to ensure the maximal number of 
patients are able to benefit from a surgery-first approach. 
Ultimately, adopting a surgery-first approach has the poten-
tial to improve patient care and reduce healthcare resource 
utilization.

Conclusion

Our findings suggest that the majority of patients who under-
went preoperative ERCP for suspected choledocholithiasis 
had endoscopic findings that are amenable to simple opera-
tive interventions, including transcystic LCBDE techniques. 
Implementing surgery-first management for suspected chole-
docholithiasis can offer a safe and efficient alternative to the 
more traditional two-stage pathway and minimize patient 
exposure to unnecessary interventions.
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