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INTRODUCTION

Biliary gallstone disease is a common clinical problem 
worldwide.1,2 If left untreated, gallstone obstruction can lead 
to life-threatening illnesses, such as cholecystitis, pancreatitis, 
and/or cholangitis. Endoscopic retrograde cholangiopancrea-
tography (ERCP) has been the principle procedure used in the 

management of choledocholithiasis due to its diagnostic and 
therapeutic capabilities,3 and favorable risk-to-benefit profile 
in the appropriately applied patient.4 More recently, advanced 
imaging techniques, such as endoscopic ultrasound (EUS) and 
magnetic resonance cholangiopancreatography (MRCP), have 
been shown to offer a safer diagnostic alternative to ERCP.5 
Ideally, patients are triaged using the least invasive diagnostic 
modality appropriate for their risk profiles. 

To standardize the diagnosis and management of cho-
ledocholithiasis, the American Society for Gastrointestinal 
Endoscopy (ASGE) released a risk stratification tool in 2010 
that categorized patients into low, intermediate, and high risk 
for choledocholithiasis, and offered management suggestions 
for each category.6 Several institutions have validated the risk 
stratification tool since 2010.7-10 While the tool achieved its 
intended aim, it was found to inappropriately triage patients to 
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higher risk profiles, leading to the overuse of diagnostic ERCPs 
(ERCP without intervention, due to the absence of choledo-
cholithiasis) and patient exposure to potentially unnecessary 
complications.10 To address this concern, the ASGE recently 
modified its risk stratification tool to improve diagnostic accu-
racy and increase the use of less invasive imaging modalities, 
such as EUS and MRCP.11

We aimed to evaluate the original 2010 and revised 2019 
guidelines for risk stratification of patients with suspected cho-
ledocholithiasis. We examined the diagnostic accuracy of both 
guidelines and assessed the performance of the individual cri-
teria used in these guidelines. 

MATERIALS AND METHODS

The Baylor College of Medicine Institutional Review Board 
approved this study. We reviewed the electronic medical re-
cords for all patients with suspected choledocholithiasis seen 
by the gastroenterology consult service at an urban county 
hospital between January 1, 2012, and December 31, 2017. 
The inclusion criteria comprised the presence of right upper 
quadrant and/or epigastric abdominal pain, abnormal liver 
function test results (LFTs), defined as twice the normal upper 
limit, or imaging suggestive of common bile duct (CBD) di-

lation. Only patients who received confirmatory testing with 
ERCP or intraoperative cholangiogram (IOC) were included 
in the study. We excluded patients with clinical evidence of as-
cending cholangitis (due to the need for urgent biliary decom-
pression), history of post-surgical gastric or biliary surgery 
(cholecystectomy, Roux-en-Y gastric bypass, Billroth I or II, 
choledochojejunostomy, or hepaticojejunostomy), prior ERCP, 
history of hepatobiliary malignancy, or incomplete data (de-
fined as lack of confirmatory testing for choledocholithiasis).

For patients who met the study inclusion/exclusion criteria, 
two independent reviewers (JSJ and MEL) extracted data from 
their electronic medical records, including dates of admission 
and discharge, demographic characteristics, diagnostic lab test 
results at admission, CBD diameter, whether a stone was pres-
ent on radiologic imaging, and final diagnosis. Demographic 
characteristics included age at admission, body mass index 
(BMI), gender, and race/ethnicity. Diagnostic lab tests includ-
ed white blood cell count, total and direct bilirubin, alkaline 
phosphatase, aspartate aminotransferase, and alanine amino-
transferase. Imaging modalities utilized included transabdom-
inal US, computed tomography (CT) scan of the abdomen, 
EUS, MRCP, and IOC.

We retrospectively sub-classified patients into their respec-
tive ASGE risk category based on the risk stratification tools 
presented in both the 2010 (Supplementary Table 1)5 and 2019 

Fig. 1. Exclusion criteria and risk stratification of included patients with suspected choledocholithiasis (CDL). ASGE, American Society for Gastrointestinal 
Endoscopy; ERCP, endoscopic retrograde cholangiopancreatography.

562 patients with suspected CDL reviewed

267 patients met criteria for study

295 patient excluded due to:
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Table 1. Baseline Characteristics of 267 Patients Included in the Study 
Analysis

n=267 (%)

Age (average±SD), yr 39.6±15.7

  Age >55 45 16.9

Gender, Female 207 77.5

BMI (average±SD) 30.4±7.7

  <18.5 4 1.5

  18.5–24.9 57 21.3

  25–29.9 84 31.5

  30–34.9 66 24.7

  35–39.9 33 12.4

  >40 23 8.6

Ethnicity

  Hispanic 218 81.6

  Non-hispanic white 26 9.7

  African American 14 5.2

  Asian 5 1.9

Choledocholithiasis 192 72

Final diagnostic testing (all risk categories)

  ERCP 262 98.1

  IOC 5 1.87

BMI, body mass index; ERCP, endoscopic retrograde cholan-
giopancreatography; IOC, intraoperative cholangiogram; SD, 
standard deviation.

Table 2. Diagnostic Accuracy of 2010 and 2019 High Risk Stratification

2010 2019

No. of HR patients (%) 165 (62%) 86 (32%)

HR patients with CDL (%) 79% 83%

OR (95% CI) 2.59 (1.50–4.47) 2.35 (1.24–4.44)

Sensitivity 68% (61–75) 37% (30–44)

Specificity 55% (43–66) 80% (69–88)

PPV 79% (75–83) 83% (74–89)

NPV 40% (33–47) 33% (30–37)

CDL, choledocholithiasis; CI, confidence interval; HR, high risk; 
NPV, negative predictive value; OR, odds ratio; PPV, positive pre-
dictive value.

(Supplementary Table 2)11 guidelines. Though not stated in 
the 2010 guidelines, we considered dilated CBD (>6 mm) on 
CT scan as part of the strong criteria for risk of choledocholi-
thiasis to maintain homogeneity with the 2019 guidelines. The 
gold standard confirmatory tests for choledocholithiasis were 
ERCP and IOC. Choledocholithiasis on ERCP was defined 
as the visualization of stone, stone fragments, or sludge in the 
duodenal lumen after ERCP. Choledocholithiasis on IOC was 
defined as the presence of a filling defect in the CBD or inad-
equate visualization of the lower end of the CBD due to intra-
ductal calculus, as characterized by the performing surgeon 
(Fig. 1).

Our primary measures for this study included sensitivity, 
specificity, positive predictive value (PPV), and negative pre-
dictive value to determine and compare the diagnostic accu-
racies of the original 2010 and revised 2019 guidelines. In ad-
dition, we used logistic regression to estimate the odds ratios 
(ORs) and associated 95% confidence intervals (CIs) for the 
associations between the individual risk stratification criteria 
and the final diagnosis of choledocholithiasis. The criteria for 
abnormal LFTs were excluded in this analysis because nearly 
all patients met these criteria. All statistical analyses were per-
formed using Microsoft Excel and RStudio ver. 1.0.136.

RESULTS

Patient characteristics
A total of 267 patients met the inclusion/exclusion criteria 

for the study. The mean age at diagnosis was 40 years (standard 
deviation, 16), and the mean BMI was 30 kg/m2 (standard de-
viation, 7.7). The majority of patients were female (78%) and 
Hispanic (82%). Among the 267 patients with suspected cho-
ledocholithiasis, 192 (72%) had confirmed choledocholithia-
sis. The majority of patients had ERCP (98%) as confirmatory 
testing compared to IOC (2%) (Table 1).

Diagnostic accuracy of the ASGE guidelines
Using the original (2010) criteria, 165 patients (62%) were 

classified as high risk. Among these high-risk patients, 79% 
had confirmed choledocholithiasis, while only 60% of the in-
termediate-risk group had confirmed choledocholithiasis. The 
high-risk categorization had a sensitivity of 68%, specificity of 
55%, and PPV of 79%. Under the revised guidelines (2019), 86 
(32%) patients were high risk. Among the high-risk and inter-
mediate-risk patients under the new guidelines, 83% and 67% 
had confirmed choledocholithiasis, respectively. The 2019 
high-risk categorization had a sensitivity of 37%, specificity of 
80%, and PPV of 83% (Table 2).

Proportion of diagnostic ERCPs
In our patient cohort, 34 of the 165 high-risk patients (21%) 

underwent diagnostic ERCP when following the 2010 guide-
lines. If the 2019 guidelines were followed, 15 of the 86 high-
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risk patients (17.4%) would have received a diagnostic ERCP. 
The difference in the rates of diagnostic ERCP did not meet 
statistical significance (p=0.548). 

Association between individual criteria and final 
diagnosis of choledocholithiasis

Among patients with a stone visualized on imaging, 85% 
had confirmed choledocholithiasis. Moreover, patients with 
a stone visualized on imaging had a 2.4-fold higher risk of 
choledocholithiasis than those without (OR, 2.39; 95% CI, 
0.96–5.96) (Table 3). Other criteria associated with the in-
creased risk for choledocholithiasis included CBD dilation 
(OR, 2.42; 95% CI, 1.29–4.51) and serum bilirubin >4 mg/dL 
(OR, 2.01; 95% CI, 1.17–3.45). The criteria for serum bilirubin 
between 1.8 and 4 mg/dL (OR, 1.13; 95% CI, 0.66–1.94) and 
age >55 (OR, 0.95; 95% CI, 0.47–1.94) did not meet statistical 
significance in predicting choledocholithiasis. The diagnosis 
of gallstone pancreatitis was not associated with the increased 
risk of choledocholithiasis (Table 3).

DISCUSSION

In 2010, the ASGE released a risk stratification tool using 
a weighted combination of clinical predictors to categorize 
patients into three tiers of risk for choledocholithiasis (low: 
<10%, intermediate: 10%–50%, high: >50%) and provide 
management recommendations based on risk profiles.5 The 
tool was created with data from previous studies examining 
the prognostic utility of individual clinical criteria,12-14 though 
it had not been validated at the time of publication. The guide-
lines aimed to maximize the efficient utilization of the various 
diagnostic and therapeutic modalities for choledocholithiasis, 
including EUS, MRCP, IOC, ERCP, and laparoscopic chole-
cystectomy. In general, low-risk patients were managed with 
elective therapeutic intervention, intermediate-risk patients 

with further diagnostic evaluation of the biliary tree, and high-
risk patients with additional evaluation with a modality that 
allowed therapeutic intervention if needed. 

Since 2010, multiple institutions have assessed the diagnos-
tic accuracy and clinical utility of the original ASGE risk strati-
fication tool.6-9 In all of these studies, between 10% and 50% of 
the patients in the intermediate-risk group and >50% of those 
in the high-risk group had confirmed choledocholithiasis, as 
intended. In studies including patients with clinical evidence 
of cholangitis, the high-risk classification had sensitivities 
ranging from 68% to 80% and specificities ranging from 44% 
to 74%.6,7,9 In a study excluding patients with cholangitis, the 
sensitivity and specificity was 47% and 73%, respectively, for 
the high-risk classification.8 We recommend excluding pa-
tients with signs of cholangitis when evaluating the diagnostic 
accuracy of the tool, as these patients require urgent biliary 
decompression irrespective of the presence of choledocholithi-
asis.

In our cohort of 267 included patients, 79% of the high-risk 
patients had confirmed choledocholithiasis, in accordance 
with the intended rate of >50%. In the intermediate-risk 
group, excluding the patients who did not have gold standard 
diagnostic testing prevented accurate assessment of the risk 
profile. The measured sensitivity (68%) and specificity (55%) 
of the high-risk category aligned with the measurements con-
ducted at other institutions.7-10

A major concern regarding the 2010 risk stratification tool 
was the large number of diagnostic ERCPs performed, sug-
gesting that the high-risk categorization was overly sensitive. 
These patients were exposed to unnecessary radiation and 
potential complications, including bleeding, perforations, and 
post-ERCP pancreatitis.3 The PPV of the high-risk category is 
a key diagnostic measure that is inversely proportional to the 
rate of diagnostic ERCPs. The studies previously cited report-
ed PPVs of the high-risk classification ranging from 56% to 
87%. In our cohort, the high-risk classification had a measured 

Table 3. Association between Individual Criteria and Choledocholithiasis

n % with CDL Sensitivity (95% CI) Specificity (95% CI) OR (95% CI)

Stone on imaging 39 85% 17% (12–23) 92% (83–97) 2.39 (0.96–5.96)

CBD dilation 92 83% 40% (33–47) 79% (68–87) 2.42 (1.29–4.51)

Total bilirubin >4 164 77% 66% (59–73) 51% (39–62) 2.01 (1.17–3.45)

1.8 < Total bilirubin < 4 127 73% 48% (41–56) 55% (43–66) 1.13 (0.66–1.94)

Age >55 45 71% 17% (12–23) 83% (72–90) 0.95 (0.47–1.94)

Gallstone pancreatitis 74 53% 20% (15–27) 53% (41–65) 0.29 (0.16–0.52)

CBD, common bile duct; CDL, choledocholithiasis; CI, confidence interval; OR, odds ratio.
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PPV of 79%, similar to previous studies. Of the 165 high-risk 
patients in our study, 34 (21%) underwent diagnostic ERCP as 
per the 2010 management algorithm.

In 2019, the risk stratification tool was revised to address the 
concern surrounding the relatively large number of diagnostic 
ERCPs performed. The goal was to reduce the number of di-
agnostic ERCPs by increasing utilization of EUS and MRCP, 
which are safer and have similar diagnostic performances.15,16

In order to achieve these goals, the criteria for the high-risk 
category were modified between 2010 and 2019. The clinical 
predictors were simplified into two groups: high risk and 
moderate risk. In the high-risk group, evidence of cholangitis 
remained the same, while stone visualized on imaging was ex-
panded to include CT imaging. The third criterion was made 
stricter by requiring the presence of serum bilirubin >4 mg/
dL in combination with a dilated CBD on imaging. Serum 
bilirubin between 1.8 and 4 mg/dL was changed to moderate 
risk. Finally, the diagnosis of gallstone pancreatitis was re-
moved owing to the lack of predictive value.8,17,18

As intended, when applied to our cohort, fewer patients met 
the high-risk criteria (86 vs. 165 as per the prior guidelines). 
The PPV of the new high-risk classification improved to 83%, 
which would have led to a smaller percentage (17%) of diag-
nostic ERCPs, though this difference did not meet statistical 
significance in our cohort. The intermediate-risk group ex-
panded from 102 to 181 patients, thereby increasing the pool 
of patients who would undergo further biliary imaging before 
intervention with a therapeutic modality. Only one patient 
moved from intermediate risk to low risk based on the remov-
al of gallstone pancreatitis as a moderate risk predictor. Due to 
reasons previously mentioned, the risk profile of the interme-
diate- and low-risk groups could not be accurately measured. 

We found that the visualization of a CBD stone on imag-
ing was the most specific risk factor for choledocholithiasis, 
followed by serum bilirubin >4 mg/dL and CBD dilation. 
All three of these criteria were highly specific and with poor 
sensitivities. The diagnosis of gallstone pancreatitis was not 
associated with the diagnosis of choledocholithiasis. The only 
patient in our study who moved from intermediate risk to low 
risk with the removal of the gallstone pancreatitis criterion did 
not have choledocholithiasis on confirmatory testing. Previous 
studies have also found that the majority of patients with gall-
stone pancreatitis do not have evidence of choledocholithiasis 
on cholangiogram or ERCP,19,20 and in our cohort, gallstone 
pancreatitis was not associated with choledocholithiasis. 

A limitation of this study was its retrospective nature, which 
prevented the evaluation of diagnostic accuracy of these 
guidelines in the intermediate-risk group. Under the current 
guidelines, intermediate-risk patients without evidence of 

choledocholithiasis on EUS or MRCP often do not undergo 
confirmatory testing. Since EUS and MRCP do not have per-
fect negative predictive values, it is challenging to know the 
true prevalence of choledocholithiasis in this intermediate-risk 
group. We did not measure the cost-effectiveness of the dif-
ferent guidelines; as per the 2019 guidelines, several patients 
would be triaged with EUS or MRCP prior to definitive test-
ing, which can increase costs. Finally, the patient population 
of this study was predominantly Hispanic and female, which 
may limit the generalizability of results compared with other 
patient populations.

In conclusion, the guidelines for risk stratification and 
management of suspected choledocholithiasis were revised 
to increase the utilization of EUS and MRCP and reduce the 
number of diagnostic ERCPs. We performed a retrospective 
comparison of the original and revised guidelines and con-
firmed that the update achieved its goals. The results from 
analysis of individual criteria supported the decision to remove 
the gallstone pancreatitis as a criterion in risk stratification.

The next step in improving the management of choledocho-
lithiasis is to evaluate and optimize cost-effectiveness of biliary 
imaging. While EUS and MRCP offer a safer approach for pa-
tients, different strategies, such as tandem EUS and ERCP, can 
be used to improve the diagnostic accuracy and reduce costs 
associated with these diagnostic modalities.21
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