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Background Recently updated guidelines for choledocholithiasis stratify suspected 
patients into high, intermediate, and low likelihood, with the aim to reduce risk of diag-
nostic endoscopic retrograde cholangiopancreatography. This approach has increased 
proportion of patients in intermediate likelihood making it heterogenous. We aim to 
substratify intermediate group so that diagnostic tests (endoscopic ultrasound/mag-
netic resonance cholangiopancreatography) are judicially used.
Methods This is a single-center retrospective analysis of prospectively maintained 
data. We used subset of patients who met intermediate likelihood of American 
Society of Gastrointestinal Endoscopy (ASGE) criteria from previously published data 
(PMID:32106321) as derivation cohort. Binominal logistic regression analysis was 
used to define independent predictors of choledocholithiasis. A composite score was 
derived by allotting 1 point for presence of each independent predictor. The diagnostic 
performance of a composite score of ≥ 1 was evaluated in validation cohort.
Results A total of 678 (mean age [standard deviation]: 47.0 [15.9] years; 
48.1% men) and 162 (mean age 47.8 [14.8] years; 47.4% men) patients in ASGE 
intermediate-likelihood group were included as derivation cohort and validation 
cohort, respectively. Binominal logistic regression analysis showed that male gender 
(p = 0.024; odds ratio [OR] = 1.92), raised bilirubin (p = 0.001; OR = 2.40), and acute 
calculus cholecystitis (p = 0.010; OR = 2.04) were independent predictors for cho-
ledocholithiasis. A composite score was derived by allotting 1 point for presence of 
independent predictors Using ≥ 1 as cutoff, sensitivity and specificity for detection 
of choledocholithiasis were 80% (95% confidence interval [CI]: 68.2–88.9) and 36.2% 
(95% CI: 32.2–40.0), respectively, in derivation cohort. Applying composite score in 
independent validation cohort showed sensitivity and specificity of 73.3% (95% CI: 
44.9–92.2) and 40.1% (95% CI: 30.1–48.5), respectively.
Conclusion Substratification of intermediate-likelihood group of ASGE criteria is fea-
sible. It may be useful in deciding in whom confirmatory tests should be performed 
with priority and in whom watchful waiting may be sufficient.
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Introduction
The American Society of Gastrointestinal Endoscopy (ASGE) 
has recently updated guidelines for management of choled-
ocholithiasis.1 It provides stratified criteria for evaluation of 
suspected choledocholithiasis as: high likelihood, intermedi-
ate likelihood, and low likelihood.1 These guidelines appear 
robust in prediction of choledocholithiasis and more specific 
compared with previous guidelines.2-4

To consider a patient having “high-likelihood” criteria 
of common bile duct (CBD) stone, ASGE criteria includes: 
cholangitis, CBD stone on imaging or combination of total 
bilirubin > 4 mg/dL, and dilated CBD on ultrasound (US). 
High-likelihood subjects can undergo either preoperative 
endoscopic retrograde cholangiopancreatography (ERCP) 
or intraoperative cholangiogram directly. On the contrary, 
patients with normal liver function tests (LFTs) and normal 
US are categorized to have “low likelihood” and can directly 
undergo cholecystectomy for symptomatic gallstones.  
The patients in between the two extremes or “intermedi-
ate likelihood” for choledocholithiasis (with abnormal LFTs 
and/or CBD dilatation on US or age > 55 years) require further 
investigations like endoscopic ultrasound (EUS) or magnetic 
resonance cholangiopancreatography (MRCP) for confirma-
tion of CBD stone.1

The intermediate-likelihood group appears heterogenous. 
Patients with symptomatic gallstones with mildly altered 
LFTs are required to undergo EUS or MRCP to rule out cho-
ledocholithiasis. Also, acute calculus cholecystitis (ACC) per 
se may be associated with altered LFTs without any choledo-
cholithiasis.5,6 Earlier guidelines also considered acute biliary 
pancreatitis as “moderate predictor” of choledocholithia-
sis.4 Subsequent studies demonstrated that acute biliary pan-
creatitis is negative predictor for choledocholithiasis, as it is 
usually caused by sludge or microliths, which may pass out of 
papilla spontaneously.7 In our previous study, 9.6% (65/678) 
ASGE intermediate-likelihood patients had choledocholi-
thiasis.2 The newer guidelines aim to reduce the possibility 
of avoidable “diagnostic” ERCPs. There is also an apparent 
increase in number of patients in intermediate-likelihood 
group requiring to undergo EUS or MRCP.1,3,4 There is need 
to substratify patients in “intermediate-likelihood” group, so 
that diagnostic tests such as EUS and MRCP are used judi-
ciously with better cost-benefit ratio.

In the present study, we aimed to evaluate and validate 
independent predictors for choledocholithiasis in patients 
with intermediate likelihood of choledocholithiasis as per 
ASGE criteria.

Methods
The Institutional Review Board approval was taken for this 
single-center retrospective study of prospectively main-
tained data. We included patients who underwent chole-
cystectomy for symptomatic cholelithiasis between January 
2016 and December 2018. Those who had preoperative sus-
picion of choledocholithiasis and stratifying in intermedi-
ate likelihood of ASGE criteria were included in analysis as 

derivation cohort. This derivation cohort was derived from 
subset of patients from previously published study.2 An inde-
pendent cohort of patients with intermediate likelihood of 
choledocholithiasis of ASGE criteria was included as valida-
tion cohort between May 2019 and October 2019. Patients 
with underlying liver disease, alcohol consumption, prior 
biliary surgery, prior ERCP, biliary strictures, portal cavern-
ous cholangiopathy, and primary sclerosing cholangitis were 
excluded. Patients who were in high likelihood and low like-
lihood were excluded.

The data were entered in a standardized data collection 
sheet, which included demographic data such as age and gen-
der, preprocedural LFTs, and US finding including presence or 
absence of CBD dilatation and presence of CBD stone and/or 
sludge. The CBD diameter of more than 6 mm on US abdomen 
was considered as dilated CBD. The clinical presentation of 
all included patients was stratified into ACC and acute biliary 
pancreatitis. Details of endoscopic procedures like EUS and 
ERCP and radiological procedure like MRCP were noted for 
confirmation of CBD stones. Patients in whom CBD stone was 
diagnosed within 6 months of follow-up after negative initial 
investigation were considered as missed CBD stones.

Statistical Analysis
The categorical and continuous data were mentioned as pro-
portion and mean (standard deviation; SD), respectively. 
Confirmed CBD stone by ERCP or detected during 6-month 
follow-up was considered as dependent variable. For statistical 
analysis, serum bilirubin more than 1.8 mg/dL, serum glutamic 
pyruvic transaminase more than three times (>120 U/L), alka-
line phosphatase more than upper limit of normal (>120 U/L), 
age, gender, presence of acute biliary pancreatitis, ACC, and 
dilated CBD on US were considered as independent variables. 
Univariate analysis followed by binominal logistic regression 
analysis using forward conditional method was done to ascer-
tain independent predictors of CBD stones for the variables that 
are significant in univariate analysis. Odds ratio (OR) and con-
fidence interval (CI) were noted for statistically independent 
predictors. This predictor model was validated in validation 
cohort and diagnostic performance was calculated in terms 
of sensitivity, specificity, and positive and negative predictive 
values. A p-value of < 0.05 was considered as statistically sig-
nificant. Statistical analysis was done using SPSS version 23 
(IBM Corp., Armonk, New York, United States) and MedCalc 
version 19.1.3 (MedCalc Software bv Ostend, Belgium).

Results
A total of 678 patients in ASGE intermediate-likelihood 
group were included as derivation cohort. The mean age (SD) 
was 47.0 (15.9) years and 48.1% were males. In the deriva-
tion cohort, 305 (45.0%) had acute biliary pancreatitis, 169 
(24.9%) had ACC, and dilated CBD on US was seen in 230 
(33.9%) patients. An independent cohort of 162 patients was 
included as validation. The mean age (SD) was 47.8 (14.8) 
years and 47.4% were males. In validation cohort, 72 (44.4%) 
had acute biliary pancreatitis, 40 (24.7%) had ACC, and 60 
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(37%) had dilated CBD on US. The prevalence of choledocho-
lithiasis in derivation cohort and validation cohort was 9.59% 
(65/678) and 9.26% (15/162), respectively.

In univariate analysis in derivation cohort (►Table 1), we 
found that male gender, ACC, dilated CBD in US, and serum 
bilirubin > 1.8 mg/dL were significantly associated with cho-
ledocholithiasis (p-value < 0.05). On multivariate analysis, 
using binominal logistic regression analysis using forward 
conditional method, we found that male gender (p = 0.024; 
OR = 1.92 [95% CI: 1.09–3.38]), presence of ACC (p = 0.010; OR 
= 2.04 [95% CI: 1.18–3.53]), and raised bilirubin > 1.8 mg/dL 
(p = 0.001; OR = 2.40 [95% CI: 1.40–4.10]) were independent 
predictors of choledocholithiasis. The composite score was 
calculated by allocating +1 score for each of the predictor, 
which ranges from 0 to 3. Using ≥ 1 as cutoff, sensitivity and 
specificity for detection of choledocholithiasis were 80% (95% 
CI: 68.2–88.9) and 36.2% (95% CI: 32.2–40.0), respectively, in 
derivation cohort (►Table  2). Applying composite score in 
independent validation cohort showed sensitivity and spec-
ificity of 73.3% (95% CI: 44.9–92.2) and 40.1% (95% CI: 30.1–
48.5), respectively.

Discussion
The current study evaluated independent predictors of cho-
ledocholithiasis in intermediate-likelihood group of ASGE 
guidelines. Male gender, presence of ACC, and raised bilirubin 
(>1.8 mg/dL) were independent predictors for choledocholi-
thiasis in the patients with intermediate likelihood of choled-
ocholithiasis. This evidence can be used for substratification 
of intermediate-likelihood patients to undergo confirmatory 
testing (EUS/MRCP). This substratification is validated in 
independent cohort with comparable sensitivity and speci-
ficity as that of derivation cohort.

There is an unmet need for substratification of interm- 
ediate-likelihood group for the following reasons. First, 
recent guidelines were aimed to reduce the risk of patients 
receiving avoidable diagnostic ERCP to reduce post-ERCP 
adverse events,1 due to which substantial proportion of 
patients within high-likelihood group as per previous guide-
line4 are being included in intermediate likelihood. Second, 
as per ASGE diagnostic algorithms, 9.59% patients have cho-
ledocholithiasis in intermediate-likelihood group.2 In low 

Table 1  Univariable and multivariate analysis for ASGE “intermediate-likelihood group” for choledocholithiasis (n = 678)

Variable Univariate Multivariate

CBD stone 
present: n (%)

CBD stone 
absent: n (%)

p-Value AOR (95% CI) p-Value

Age

<55 y 37 (8.7) 387 (91.3) 0.06

>55 y 28 (11.0) 226 (89.0)

Gender

Male 44 (13.5) 282 (86.5) 0.001 1.92 (1.09–3.38) 0.024

Female 21 (6.0) 331 (94)

Acute biliary pancreatitis

Yes 23 (7.5) 282 (92.5) 0.102

No 42 (11.3) 331 (88.7)

Acute calculus cholecystitis

Yes 27 (16.0) 142 (84) 0.001 2.04 (1.18–3.53) 0.010

No 38 (7.5) 471 (92.5)

Dilated CBD on US

Yes 13 (5.7) 217 (94.3) 0.013

No 52 (11.6) 396 (88.4)

Bilirubin (>1.8 mg/dL)

No 36 (7.1) 142 (92.9) 0.004 2.40 (1.40–4.10) 0.001

Yes 29 (17.0) 471 (83)

SGPT (>3x ULN)

No 41 (9.7) 383 (90.3) 0.925

Yes 24 (9.6) 230 (90.4)

ALP (> ULN)

No 27 (8.5) 291 (91.5) 0.362

Yes 38 (9.6) 322 (90.4)

Abbreviations: ALP, alkaline phosphatase; AOR, adjusted odds ratio; ASGE, American Society of Gastrointestinal Endoscopy; CBD, common bile duct; 
CI, confidence interval; SGPT, serum glutamic pyruvic transaminase; ULN, upper limit of normal; US, ultrasound.
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likelihood, 3.7% had choledocholithiasis, which means to find 
one additional patient with choledocholithiasis, 16.9 EUS 
or MRCP for ASGE are required.2 Third, acute biliary pan-
creatitis in previous guidelines were considered as moder-
ate predictor of choledocholithiasis.4 But current guidelines 
have excluded it from diagnostic algorithms as acute biliary 
pancreatitis is a negative independent predictor for choled-
ocholithiasis in recent studies.7 These patients tend to have 

tell-tale evidence of passed-out CBD stone such as thick-wall 
CBD or there may be CBD dilatation due to peripancreatic 
edema and/or fluid collection.8 Also, ACC can have alteration 
in LFTs with or without choledocholithiasis.6 Though confir-
matory tests (EUS/MRCP) are safe and effective, it may not be 
cost-effective to perform them in all patients because of low 
pretest probability of choledocholithiasis in the intermediate 
group.9-11

Table 2  Diagnostic performance of proposed substratification of ESGE and ASGE “intermediate-likelihood group” for choledocholithiasis

True posi-
tive/Total 
Positive

True neg-
ative/Total 
negative

Sensitivity % 
(95% CI)

Specificity % 
(95% CI)

PPV %  
(95% CI)

NPV %  
(95% CI)

ASGE intermediate-likelihood group composite score ≥ 1

Derivation cohort (N = 678) 52/444 221/234 80
(68.2–88.9)

36.2
(32.2–40.0)

11.7
(10.4–13.2)

94.4
(91.2–96.6)

Validation cohort
(N = 162)

11/99 59/63 73.3
(44.9–92.2)

40.1
(30.1–48.5)

11.1
(8.2–14.9)

93.7
(86.2–97.2)

ASGE intermediate-likelihood group composite score ≥ 2

Derivation cohort 40/185 468/493 61.54 
(48.64–73.35)

76.35 
(72.78–79.66)

21.62 
(17.84–25.95)

94.93 
(93.21–96.23)

Validation cohort 6/37 116/125 40.00 
(16.34–67.71)

78.91 
(71.42–85.20)

16.22 
(8.81–27.93)

92.80 
(89.42–95.16)

ASGE intermediate-likelihood group composite score = 3

Derivation cohort 8/36 57/641 12.31 
(5.47–22.82)

95.27 
(93.28–96.81)

21.62 
(11.63–36.63)

91.11 
(90.33–89.83)

Validation cohort 1/5 143/157 6.67 
(0.17–31.95)

97.28 
(93.18–99.25)

20.00 
(2.90–67.69)

91.08 
(83.01–93.28)

Abbreviations: ASGE, American Society of Gastrointestinal Endoscopy; CI, confidence interval; ESGE, European Society of Gastrointestinal 
Endoscopy; NPV, negative predictive value; PPV, positive predictive value.

Fig. 1 Proposed modification of diagnostic algorithm for ASGE guidelines for choledocholithiasis. *Composite score derived from summa-
tion of positive predictors (+1 for each). Abbreviations: ASGE, American Society of Gastrointestinal Endoscopy; LFTs, liver function tests; US, 
ultrasound (abdomen); Preop ERCP, preoperative endoscopic retrograde cholangiopancreatography; IOC, intraoperative cholangiogram; EUS, 
endoscopic ultrasound; MRCP, magnetic resonance cholangiopancreatography; CBD, common bile duct; F/u, follow-up.
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We propose substratification of “intermediate-likelihood 
group” with patients having ≥ 1 composite score, to improve 
utilization of EUS or MRCP in ASGE diagnostic algorithm. 
The proposed stratified algorithm is depicted in ►Fig.  1. 
Composite score is calculated by allotting +1 point to each 
of positive predictor. In the ASGE intermediate-likelihood 
group, male gender, ACC, and serum bilirubin > 1.8 mg/dL 
were independent positive predictors. The composite score 
ranges from 0 to 3. Those patients who do not meet this sub-
stratification can be closely followed and further decision 
for evaluation and management may be taken as per clini-
cal judgment of the physician. A serial monitoring of LFTs to 
observe the trend may assist decision-making. Cases with 
no clinical suspicion may be considered for cholecystectomy 
directly. Conversely, in case of clinical suspicion, EUS or MRCP 
should be performed before cholecystectomy.

The proposed criteria are for substratification of patients 
within intermediate likelihood of choledocholithiasis, not to 
replace confirmatory tests such as EUS or MRCP. We chose 
composite score of ≥ 1 as cutoff because of adequate sensitiv-
ity and specificity at this level. However, for composite score 
of ≥ 2 or of 3, there is drastic increase in specificity with sim-
ilar decrease in sensitivity.

There are few limitations of the current study. In addition 
to retrospective analysis, study cohort consists of subset of 
patients from previously published paper.2 We did post hoc 
multivariable analysis to explore possibility of development 
of predictive model in the intermediate-likelihood group. 
We have validated this predictive model in the independent 
validation cohort, which showed comparable sensitivity 
and specificity to that of derivation cohort. Also, we did not 
study effect of serial LFT monitoring. Contrary to previous 
studies that showed contradictory results with serial mon-
itoring for suspected choledocholithiasis in overall popula-
tion, we believe serial LFT may have role in making clinical 
decision for subset of patients who have composite score 
less than 1.7,12,13 Also, the prevalence of choledocholithiasis 
in the current study is around 10%, which is at lower limit 
of expected prevalence of choledocholithiasis in patients 
within intermediate likelihood of choledocholithiasis. The 
probability of choledocholithiasis in intermediate likeli-
hood is 10to 50%. Negative and positive predictive values are 
dependent on prevalence of condition, and sensitivity and 
specificity are prevalence independent.

In conclusion, substratification of the “intermediate- 
likelihood group” of ASGE risk stratification is suggested, 
which may be helpful to decide whether to perform confir-
matory tests (EUS/MRCP) or wait and watch.14,15 However, 
these findings need to be externally validated in the prospec-
tive studies.
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