
Hepatobiliary & Pancreatic Diseases International 18 (2019) 366–372 

Contents lists available at ScienceDirect 

Hepatobiliary & Pancreatic Diseases International 

journal homepage: www.elsevier.com/locate/hbpd 

Original Article/Biliary 

Diagnostic performance of the current risk-stratified approach with 

computed tomography for suspected choledocholithiasis and its 

options when negative finding 

Hyun Woo Lee 

a , ∗, Tae Jun Song 

b , Do Hyun Park 

b , Sang Soo Lee 

b , Dong-Wan Seo 

b , 
Sung Koo Lee 

b , Myung-Hwan Kim 

b , Jae Hyuck Jun 

c , Ji Eun Moon 

d , Yeon Han Song 

a 

a Digestive Disease Center and Research Institute, Department of Internal Medicine, Soonchunhyang University School of Medicine, Bucheon, Korea 
b Division of Gastroenterology, Department of Internal Medicine, University of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea 
c Division of Gastroenterology, Department of Internal Medicine, University of Eulji College of Medicine, Eulji Medical Center, Daejeon, Korea 
d Department of Biostatistics, Clinical trial center, Soonchunhyang University Bucheon Hospital, Bucheon, Korea 

a r t i c l e i n f o 

Article history: 

Received 29 September 2018 

Accepted 13 June 2019 

Available online 18 June 2019 

Keywords: 

Choledocholithiasis 

ASGE guideline 

Accuracy 

Endoscopic ultrasound 

Magnetic resonance 

cholangiopancreatography 

a b s t r a c t 

Background: Several studies evaluated the current guideline of the American Society for Gastrointestinal 

Endoscopy (ASGE) and reported only suboptimal accuracy. This study evaluated the diagnostic perfor- 

mance of the ASGE guideline based on computed tomography (CT) and role of endoscopic ultrasonogra- 

phy (EUS) and magnetic resonance cholangiopancreatography (MRCP) in patients with suspected chole- 

docholithiasis but negative CT finding. 

Methods: Patients with suspected choledocholithiasis undergoing ERCP between January 2016 and Jan- 

uary 2017 were retrospectively analyzed. All patients underwent CT to detect choledocholithiasis. EUS or 

MRCP was performed when the CT scan showed negative findings. Patients were classified into the high 

and intermediate-risk groups, based on predictors from the ASGE criteria. 

Results: Of 583 patients with suspected choledocholithiasis, 340 (58.3%) had stones on ERCP (65.9% in 

the high-risk group and 40.6% in the intermediate-risk group). The accuracy of ASGE guideline for CT 

was 63.98% (79.12% sensitivity, 42.80% specificity) and 36.02% (20.88% sensitivity, 57.20% specificity) in 

the high-risk and intermediate-risk groups, respectively. In 103 patients in the high-risk group underwent 

both CT and US, the accuracy of CT was higher than that of US for detecting choledocholithiasis (78.64% 

vs. 53.40%), with a significant difference in area under the curve (AUC) (0.78 vs. 0.59, P < 0.001). Of 339 

with negative CT finding, the accuracy of EUS was higher than that of MRCP (90.91% vs. 82.76%), but with 

no significant difference in AUC (0.91 vs. 0.83, P = 0.347). 

Conclusions: CT-based ASGE guideline showed superior diagnostic performance than US for predicting 

choledocholithiasis. The diagnostic options, EUS or MRCP, with negative CT finding showed comparable 

performance. Therefore, the diagnostic modality should be selected based on availability, experience, cost, 

and contraindications. 

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

Approximately 10%–15% of the patients with gallstones present

with choledocholithiasis [1,2] . Choledocholithiasis may present as a

wide range of conditions, such as biliary colic, or obstructive jaun-

dice and result in serious complications such as cholangitis and

gallstone pancreatitis. 
∗ Corresponding author. 
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Endoscopic retrograde cholangiopancreatography (ERCP) is the

tandard method for treating confirmed or suspected choledo-

holithiasis. However, it may cause a substantial number of unnec-

ssary procedures and adverse events in up to 10% of cases, such

s post-ERCP pancreatitis, post-sphincterotomy bleeding, cholangi-

is and perforation [3,4] . To minimize these problems, a method of

ccurately predicting choledocholithiasis prior to ERCP is very im-

ortant step in the management of these patients. 

To predict the likelihood of choledocholithiasis, the American

ociety for Gastrointestinal Endoscopy (ASGE) proposed guideline

n 2010 that classified patients into high, intermediate or low-risk
a. Published by Elsevier B.V. All rights reserved. 
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ategories, based on the presence of clinical, radiological charac-

eristics based on transabdominal ultrasound (US) and biochemical

redictors. In this risk-stratified approach for suspected choledo-

holithiasis, high-risk patients should proceed directly to removal

f stones by surgery or endoscopy without further study. The

onfirmation of choledocholithiasis in intermediate-risk patients is

ecommended using additional less invasive testing according to

he clinical preference, such as endoscopic ultrasound (EUS) or

agnetic resonance cholangiopancreatography (MRCP) [5] . 

Recently, several studies have attempted to validate the ASGE

uideline for the prediction of choledocholithiasis. However, their

iagnostic accuracy was somewhat unsatisfactory [6–10] . In ad-

ition, most of the patients with choledocholithiasis visited the

mergency department and sometimes complained of symptoms

imilar to those of acute abdomen. In many instances, computed

omography (CT) was performed as a first line diagnostic modality

ue to its ease of access and differential diagnosis. 

The aim of this study was to evaluate the diagnostic perfor-

ance of CT-based ASGE guideline compared to the original US

nd diagnostic role of EUS and MRCP as the next options in pa-

ients with suspected choledocholithiasis but negative CT finding. 

ethods 

tudy design and population 

Consecutive patients, admitted between January 2016 and Jan-

ary 2017 with suspected choledocholithiasis, who underwent an

nitial CT followed by ERCP, were evaluated retrospectively. Pa-

ients were excluded if they had (i) previous ERCP with sphinc-

erotomy, (ii) previous cholecystectomy due to gallstones, (iii)

reviously diagnosed chronic liver disease or pancreatitis, (iv) com-

ined other biliary tract lesion including malignancy or primary

clerosing cholangitis, and (v) other procedures, such as percuta-

eous transhepatic cholangiography (PTC) due to comorbidities or

urgically altered anatomy. 

Individual patients’ medical records, including laboratory find-

ng and radiological records (CT, US, MRCP, and EUS) were re-

iewed. Each patient was categorized as high, intermediate, or low

isk for choledocholithiasis according to the ASGE guideline, using

T variables instead of the original US. We excluded low-risk pa-

ients classified by the ASGE criteria because they have a low prob-

bility of choledocholithiasis ( < 10%) and recommended no further

valuation. ERCP and EUS procedures were performed by six endo-

copists who had more than five years of experience. Our institute

ad more than 10,0 0 0 cases of ERCP and EUS annually, and each

ndoscopist performed more than 1500 cases of both modalities

er year. 

This study was approved by the institutional review board of

oonchunhyang University Bucheon Hospital and written informed

onsent was obtained from all patients. 

efinitions 

A diagnosis of choledocholithiasis on CT or MRCP was made

nly when there was direct visualization of stones or a particle

escribed by experienced radiologists. Common bile duct (CBD) di-

atation was defined as a maximal CBD diameter > 6 mm on the

T scan. Positive US or EUS finding was defined as the presence

f a hyperechoic lesion with or without posterior acoustic shad-

wing in the bile ducts, excluding sludge such as non-shadowing

cho layering. The positive finding of stones on the ERCP was de-

ned as a definite filling defect observed on a cholangiogram and

onfirmed based on a visual assessment of endoscopy within the

uodenum. If there is only sludge or sand-like bile with no definite
tones detected during ERCP, we did not consider it to be choledo-

holithiasis. 

Clinical cholangititis was defined as a combination of typical

bdominal pain, signs of systemic infection [fever and/or leuko-

ytosis or C-reactive protein (CRP) elevation] and jaundice based

n Charcot’s triad. Clinical pancreatitis was defined as typical ab-

ominal pain of acute onset that lasted for > 24 h with pancreatic

nzyme levels at least three times higher than the upper normal

imit. 

tudy end points 

The primary end point of the study was to assess the diagnos-

ic performance of ASGE guideline for suspected choledocholithia-

is, based on CT in comparison with US. The secondary end point

as to evaluate the role of EUS and MRCP as a preoperative option

hen choledocholithiasis was suspected but CT finding was nega-

ive. 

tatistical analysis 

Continuous variables are presented as means ± standard devia-

ion (SD), which were compared using a Student’s t -test. Categori-

al variables were described as frequencies and percentages, which

ere compared using the Chi-square test or Fisher’s exact test.

ensitivity, specificity, positive predictive value (PPV), and negative

redictive values (NPV), and accuracy of each criteria for suspected

holedocholithiasis were calculated with a 95% confidence inter-

al (95% CI). The area under the curve-receiver operating charac-

eristic (AUC-ROC) was used to calculate the performance of each

maging modalities for choledocholithiasis and compared using De-

ong’s test for discriminative power. A P value < 0.05 indicates

tatistical significance. The statistical analysis was performed us-

ng SPSS version 21.0 (Armonk, New York, USA) and R version 3.2.0

The R Foundation for Statistical Computing, Vienna, Austria). 

esults 

atient population 

Between January 2016 and January 2017, 754 patients with sus-

ected choledocholithiasis were assessed for eligibility. After 161

atients were excluded, 593 patients were applied with the ASGE

riteria for stratifying the risk of choledocholithiasis. A total of 408

68.8%) patients met the criteria for high-risk of choledocholithi-

sis, while 175 (29.5%) patients met the criteria for intermediate-

isk for choledocholithiasis. Ten (1.7%) patients who met criteria

or low risk for choledocholithiasis were excluded, and data was

nalyzed for the remaining 583 patients ( Fig. 1 ). The mean age

f study subjects was 57.6 years and 52.7% were male. Baseline

haracteristics and biochemical variables among subjects with and

ithout choledocholithiasis on ERCP are shown in Table 1 . A sig-

ificant difference was found in the age between the two groups

 P < 0.001). 

SGE predictors for choledocholithiasis on ERCP 

Among the ASGE very strong predictors for choledocholithia-

is, only choledocholithiasis observed by CT showed a significant

ifference between subjects with and without choledocholithi-

sis (57.4% vs. 20.2%, P < 0.001). Among strong predictors, a

BD diameter of > 6 mm with gallbladder in situ showed a

tatistical difference between the two groups (73.8% vs. 48.1%,

 < 0.001). In moderate predictors, age > 55 years showed a sta-

istically higher frequency in patients with choledocholithiasis on
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Fig. 1. Flow diagram of patients. ERCP: endoscopic retrograde cholangiopancreatography; ASGE: the American Society for Gastrointestinal Endoscopy. 

Table 1 

Baseline characteristics of enrolled patients for suspected choledocholithiasis. 

Variables Total ( n = 583) No choledocholithiasis on ERCP ( n = 243) Choledocholithiasis on ERCP ( n = 340) P value 

Male 307 (52.7%) 128 (52.7%) 179 (52.6%) > 0.999 

Age (yr) 57.55 ± 15.13 54.52 ± 14.89 59.38 ± 15.09 < 0 .001 

BMI (kg/m 

2 ) 24.56 ± 3.54 24.89 ± 3.78 24.57 ± 3.35 0 .281 

Total bilirubin (mg/dL) 2.57 ± 3.17 2.42 ± 2.60 2.71 ± 3.59 0 .290 

AST (IU/L) 212.94 ± 273.92 214.17 ± 241.35 211.92 ± 292.59 0 .922 

ALT (IU/L) 218.06 ± 224.41 232.90 ± 219.68 208.99 ± 230.64 0 .209 

ALP (IU/L) 165.94 ± 132.86 162.00 ± 128.77 166.48 ± 133.63 0 .686 

r-GT (IU/L) 301.53 ± 245.46 311.65 ± 243.53 294.02 ± 245.91 0 .398 

WBC (10 3 /μL) 8.97 ± 3.94 8.93 ± 3.82 8.99 ± 4.09 0 .858 

CRP (mg/L) 3.58 ± 6.40 3.60 ± 5.93 3.54 ± 6.65 0 .911 

ERCP delay time ∗ (days) 1.4 ± 1.2 1.4 ± 1.3 1.5 ± 1.2 0 .339 

∗ The internval between CT and ERCP procedure. ERCP: endoscopic retrograde cholangiopancreatography; BMI: body mass index; AST: aspartate 

aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; r-GT: gamma-glutamyl transferase; WBC: white blood cell; CRP: C- 

reactive protein. 

Table 2 

Frequency of ASGE predictors in patients with and without choledocholithiasis. 

Predictors Total ( n = 583) 
No choledocholithiasis 

on ERCP ( n = 243) 

Choledocholithiasis on 

ERCP ( n = 340) 
Odds ratio (95% CI) P value 

Very strong predictor 

Stones on CT 244 (41.9%) 49 (20.2%) 195 (57.4%) 5.32 (3.64–7.78) < 0 .001 

Clinical ascending cholangitis 184 (31.6%) 74 (30.5%) 110 (32.4%) 1.09 (0.76–1.55) 0 .626 

Total bilirubin > 4 mg/dL 113 (19.4%) 45 (18.5%) 68 (20.0%) 1.10 (0.72–1.67) 0 .656 

Strong predictor 

Dilated CBD on CT ( > 6 mm with 

gallbladder in situ ) 

368 (63.1%) 117 (48.1%) 251 (73.8%) 3.03 (2.12–4.30) < 0 .001 

Total bilirubin 1.8–4 mg/dL 158 (27.1%) 70 (28.8%) 88 (25.9%) 0.86 (0.59–1.24) 0 .434 

Moderate predictor 

Abnormal LFT other than bilirubin 451 (77.4%) 202 (83.1%) 249 (73.2%) 0.55 (0.36–0.83) 0 .005 

Age > 55 yr 351 (60.2%) 130 (53.5%) 221 (65.0%) 1.61 (1.15–2.26) 0 .005 

Clinical gallstone pancreatitis 107 (18.4%) 56 (23.0%) 51 (15.0%) 0.58 (0.37–0.89) 0 .014 

Data in table are presented as the number (of patients) with percentage. ERCP: endoscopic retrograde cholangiopancreatography; CT: computed tomography; CI: 

confidence index; CBD: common bile duct; LFT: liver function test. 
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ERCP (65.0% vs. 53.5%, P = 0.005), but an abnormal liver biochem-

ical test (other than bilirubin) and clinical gallstone pancreatitis

showed a higher frequency in patients without choledocholithiasis

on ERCP (73.2% vs. 83.1%, P = 0.005 and 15.0% vs. 23.0%, P = 0.014,

respectively). The risk of choledocholithiasis, as shown by the odds

ratio, was increased for patients with choledocholithiasis on CT

(OR = 5.32; 95% CI: 3.64–7.78), CBD diameter > 6 mm (OR = 3.03;

95% CI: 2.12–4.30), and age > 55 year (OR = 1.61; 95% CI: 1.15–2.26)

( Table 2 ). 
erformance of ASGE high- and intermediate-risk group and 

ndividual predictors 

Of 408 patients in the high-risk group, 269 (65.9%) patients had

holedocholithiasis on ERCP. Of 175 patients in the intermediate-

isk group, 71 (40.6%) patients had choledocholithiasis on ERCP.

iagnostic accuracy of the ASGE criteria for choledocholithiasis in

igh-risk patients was 63.98% (79.12% sensitivity and 42.80% speci-

city) and in the intermediate-risk patients was 36.02% (20.88%
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Table 3 

Diagnostic performance of ASGE high and intermediate-risk group and predictors for choledocholithiasis. 

Predictors Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI) 

High-risk group 79.12% 

(74.80% −83.44%) 

42.80% 

(36.58% −49.02%) 

65.93% 

(61.33% −70.53%) 

59.43% 

(52.15% −66.70%) 

63.98% 

(60.08% −67.88%) 

Stone on CT 57.35% 

(52.10% −62.61%) 

79.83% 

(74.79% −84.88%) 

79.92% 

(74.89% −84.94%) 

57.23% 

(51.96% −62.49%) 

66.72% 

(62.90% −70.55%) 

Clinical ascending cholangitis 32.35% 

(27.38% −37.33%) 

69.55% 

(63.76% −75.33%) 

59.78% 

(52.70% −66.87%) 

42.36% 

(37.51% −47.20%) 

47.86% 

(43.80% −51.91%) 

Total bilirubin > 4 mg/dL 20.00% 

(15.75% −24.25%) 

81.48% 

(76.60% −86.37%) 

60.18% 

(51.15% −69.20%) 

42.13% 

(37.66% −46.59%) 

45.63% 

(41.58% −49.67%) 

Dilated CBD on CT ( > 6 mm with 

gallbladder in situ ) + Total bilirubin 

1.8–4 mg/dL 

19.41% 

(15.21% −23.62%) 

86.83% 

(82.58% −91.08%) 

67.35% 

(58.06% −76.63%) 

43.51% 

(39.09% −47.92%) 

47.51% 

(43.46% −51.57%) 

Intermediate-risk group 20.88% 

(16.56% −25.20%) 

57.20% 

(50.98% −63.42%) 

40.57% 

(33.30% −47.85%) 

34.07% 

(29.47% −38.67%) 

36.02% 

(32.12% −39.92%) 

Dilated CBD on CT ( > 6 mm with 

gallbladder in situ) 

73.82% 

(69.15% −78.50%) 

51.85% 

(45.57% −58.13%) 

68.21% 

(63.45% −72.96%) 

58.60% 

(52.02% −65.19%) 

64.67% 

(60.78% −68.55%) 

Total bilirubin 1.8–4 mg/dL 25.88% 

(21.23% −30.54%) 

71.19% 

(65.50% −76.89%) 

55.70% 

(47.95% −63.44%) 

40.71% 

(36.03% −45.38%) 

44.76% 

(40.73% −48.80%) 

Abnormal LFT other than bilirubin 73.23% 

(68.53% −77.94%) 

16.87% 

(12.16% −21.58%) 

55.21% 

(50.62% −59.80%) 

31.06% 

(23.16% −38.95%) 

49.74% 

(45.68% −53.80%) 

Age > 55 yr 65.00% 

(59.93% −70.07%) 

46.50% 

(40.23% −52.77%) 

62.31% 

(57.90% −68.01%) 

48.71% 

(42.28% −55.14%) 

57.29% 

(53.27% −61.31%) 

Clinical gallstone pancreatitis 15.00% 

(11.20% −18.80%) 

76.96% 

(71.66% −82.25%) 

47.66% 

(38.20% −57.13%) 

39.29% 

(34.90% −43.67%) 

40.82% 

(36.83% −44.81%) 

CT: computed tomography; CI: confidence index; CBD: common bile duct; LFT: liver function test. 

Table 4 

Comparison of diagnostic performance between CT and US in high-risk patients for suspected choledocholithiasis. 

Modality Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI) 

CT 81.67% 

(71.88% −91.46%) 

74.42% 

(61.37% −87.46%) 

81.67% 

(71.88% −91.46%) 

74.42% 

(61.38% −87.46%) 

78.64% 

(70.73% −86.56%) 

US 21.67% 

(11.24% −32.09%) 

97.67% 

(93.17% −100%) 

92.86% 

(79.37% −100%) 

47.19% 

(36.82% −57.56%) 

53.40% 

(43.76% −63.03%) 

CT: computed tomography; US: ultrasound; CI: confidence index; PPV: positive predictive value; NPV: negative predictive value. 
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Fig. 2. Comparison of diagnostic performance between CT and US in high-risk pa- 

tients for suspected choledocholithiasis CT: computed tomography; US: ultrasound; 

AUC: area under the curve. 
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ensitivity and 57.20% specificity). Other diagnostic performances

f individual predictors for choledocholithiasis in the high and

ntermediate-risk groups are shown in Table 3 . 

iagnostic performance of CT and US in patients with high-risk for 

uspected choledocholithiasis 

Of 103 patients who underwent both CT and US in the high-risk

roup, the presence of choledocholithiasis on ERCP was identified

n 60 (58.3%) patients. The diagnostic performance of CT or US in

atients with a high risk for choledocholithiasis had an accuracy

f 78.64% (81.67% sensitivity and 74.42% specificity) and 53.40%

21.67% sensitivity and 97.67% specificity), respectively ( Table 4 ).

ig. 2 shows the ROC curves representing the diagnostic perfor-

ance of CT and US in high-risk patients with suspected choledo-

holithiasis. The AUC of CT was 0.78 (95% CI, 0.69–0.86) and signif-

cantly higher than that of US (0.59; 95% CI, 0.53–0.65) ( P < 0.001

y DeLong’s test). 

iagnostic performance of EUS and MRCP for suspected 

holedocholithiasis but negative CT finding 

EUS and MRCP were performed in 105 (30.9%) and 120 (35.4%)

atients out of 339 patients with negative CT findings of choledo-

holithiasis. Among 105 patients, EUS revealed choledocholithiasis

n 55 (52.4%) patients, and 50 (90.9%) patients were confirmed to

ave choledocholithiasis on ERCP. Among 120 patients, MRCP re-

ealed choledocholithiasis in 32 (26.7%) patients, and 27 (84.4%)

atients were confirmed to have choledocholithiasis on ERCP. The

iagnostic performance of EUS and MRCP in patients with sus-

ected choledocholithiasis but negative CT finding had an accu-

acy of 90.91% (93.15% sensitivity and 88.13% specificity and 82.76%
73.03% sensitivity and 92.94% specificity), respectively ( Table 5 ).

ig. 3 shows the ROC curves representing the diagnostic perfor-

ance of EUS and MRCP in patients with suspected choledo-

holithiasis but negative CT finding. The AUC of EUS (0.91; 95% CI:

.86–0.96) was not significantly higher than that of MRCP (0.83;

5% CI: 0.78–0.88) ( P = 0.347 by DeLong’s test). 
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Table 5 

Comparison of diagnostic performance between EUS and MRCP in patients with suspected choledocholithiasis but negative CT 

finding. 

Modality Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI) 

EUS 93.15% 

(87.36% −98.95%) 

88.13% 

(79.88% −96.39%) 

90.67% 

(84.08% −97.25%) 

91.23% 

(83.88% −98.57%) 

90.91% 

(86.00% −95.81%) 

MRCP 73.03% 

(63.81% −82.25%) 

92.94% 

(87.50% −98.39%) 

91.55% 

(85.08% −98.02%) 

76.70% 

(68.53% −84.86%) 

82.76% 

(77.15% −88.37%) 

EUS: endoscopic ultrasound; MRCP: magnetic resonance cholangiopancreatography; CI: confidence index; PPV: positive predictive 

value; NPV: negative predictive value. 

Fig. 3. Comparison of diagnostic performance between MRCP and EUS in patients 

with suspected choledocholithiasis but negative CT finding. MRCP: magnetic res- 

onance cholangiopancreatography; EUS: endoscopic ultrasound; CT: computed to- 

mography; AUC: area under the curve. 
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Discussion 

To date, ERCP is an effective procedure for removing choledo-

cholithiasis in most cases. However, the major concerns of ERCP

are procedure related adverse events and even deaths due to its in-

vasiveness [3,4] . Therefore, current ASGE guideline suggests using

a risk-stratified approach based on clinical, laboratory, and imag-

ing based on US results to accurately select and minimized ad-

verse events of ERCP. Based on the ASGE guideline, high-risk pa-

tients ( > 50%) are recommended proceeding direct treatment by

ERCP and intermediate-risk patients (10%–50%) are recommended

less invasive preoperative procedures such as EUS and MRCP [5] . 

However, recent study showed that only 55.3% (99/179) pa-

tients who met the ASGE high-risk criteria had choledocholithi-

asis on a subsequent confirmatory test. The overall accuracy of

the ASGE guideline in this study was 62.1% (47.4% sensitivity and

73.0% specificity) [6] . Similarly, recently a large Chinese cohort

study demonstrated that in patients with high-risk probability cri-

teria, the positive predictive value of the guideline was 64% and

specificity was 74% [8] . A Spanish study also showed that chole-

docholithiasis was detected in 59.6% of patients in the high-risk

group, with an accuracy of 59.0% (85.5% sensitivity and 24.3%

specificity) [11] . The abdominal US suggested by the ASGE guide-

line is easy to perform, but it is operator dependent and influ-

enced by clinical factors, including obesity and bowel gas. There-

fore, sometimes it cannot be used to evaluate the entire CBD.

Therefore, the reported sensitivity of US for the detection of chole-

docholithiasis is only 22% −58% [5,12] . Recently published reports
or validation of the ASGE guideline also showed a wide range

f US sensitivity from 21.8% to 55.9% [6,9,11,13] . Therefore, our

tudy was designed to answer the question of whether the ASGE

uideline based on CT can show better diagnostic performance for

etecting choledocholithiasis due to the higher sensitivity of CT

ompared to US and which option is better if the CT findings are

egative. 

In our CT-based study, a total of 58.3% (340/583) patients had

onfirmed choledocholithiasis during ERCP. In subgroup analysis,

tones were detected in 65.9% of high-risk patients, with an accu-

acy of 63.98% (79.12% sensitivity and 42.80% specificity) and 40.6%

f intermediate-risk patients, with an accuracy of 36.02% (20.88%

ensitivity and 57.20% specificity) according to ASGE criteria. Al-

hough we validated the probability of having choledocholithia-

is in the both high-risk ( > 50%) and intermediate-risk (10% −50%)

roups, the results were not as satisfactory as we hoped. Still, more

han one-third of the patients, even those in the high-risk group

efined by the ASGE guideline, had to undergo unnecessary diag-

ostic ERCP. These suboptimal results were most likely due to the

se of a strict definition of choledocholithiasis, as only definite fill-

ng defects on cholangiogram, excluding sludge, confirmed by an

ndoscopic view. In fact, from the results that include sludge, ap-

roximately 69.8% of these patients showed positive findings dur-

ng the ERCP examination. In addition, our center is a tertiary in-

titution with a large number of interventional procedures or one-

tage operations; therefore, there is a possibility that the ratio of

egative finding during the ERCP will relatively increase. 

Nonetheless, ASGE guideline based on CT showed better diag-

ostic performance than US in our subgroup analysis. We evalu-

ted 103 patients in the high-risk group who underwent both CT

nd US; in this analysis, CT showed a fair and US failed to show an

ccuracy. CT had significantly higher diagnostic performance than

hat of US. 

The significance of the ASGE predictors was slightly different

or each study. Stones on US and CBD dilatation in the Turkish

tudy and stones on US, ascending cholangitis, and CBD dilatation

n the Spanish study were independent risk factors for choledo-

holithiasis [9,11] . In the Japanese study, stones detected by imag-

ng (OR = 3.98; 95% CI: 2.3–6.8) and bilirubin level of 1.8–4.0 mg/dL

OR = 1.9; 95% CI: 1.0–3.4) were independent predictors [14] . An-

ther study suggested that two predictors such as stones detected

y US, bilirubin level > 4 mg/dL in combination with CBD dilatation

re preferred over the ASGE criteria [8] . 

In our study, the presence of stones on CT, CBD dilatation

 6 mm, and age > 55 years were significant predictors of choledo-

holithiasis. The result of the imaging finding was generally consis-

ent, but there were discrepancies in clinical and biochemical re-

ults in each study. It is important to remember that patients with

cute cholecystitis have elevated liver function test and sometimes

ilirubin can elevate above 4 mg/dL [15] , which can be conflicting

or the diagnosis of choledocholithiasis. We did not rule out pa-

ients with acute cholecystitis alone, and this could have reduced

he importance of clinical and biochemical predictors for detect-

ng choledocholithiasis. Therefore, systematically well-established

uideline for patients with acute cholecystitis alone is required.
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nterestingly, as previously reported by other studies [8,11,13,16] ,

allstones pancreatitis decrease the possibility of choledocholithi-

sis in our study. It may be that our patients had relatively

mall choledocholithiasis. Therefore, gallstones pancreatitis more

ccurred as the stones passed through the papilla. 

According to ASGE guideline, EUS or MRCP as less invasive op-

ions was recommended for evaluation of patients who fail to

dentified as having choledocholithiasis [5] . Although, the develop-

ent of EUS and MRCP have improved the detection of stones in

ile duct and improved patient safety, it is unclear which modality

s superior for detecting choledocholithiasis [17–19] . 

A recent meta-analysis of the diagnostic accuracy of EUS and

RCP showed that both modalities provide good diagnostic ac-

uracy, with sensitivity of 97% (range, 91% −99%) and specificity

f 90% (range, 83% −94%) for EUS and sensitivity of 87% (range,

0% −93%) and specificity of 92% (range, 87% −96%) for MRCP [19] .

nother systemic review also showed similar accuracy of 93.3%

or EUS and 89.7% for MRCP [17] . Our study showed compara-

le EUS sensitivity of 93.15% but relatively low MRCP sensitivity

f 73.03% in patients with suspected choledocholithiasis but nega-

ive CT finding. Actually, the sensitivity of MRCP seems to diminish

epending on the stone size [20,21] . The sensitivity of MRCP was

7% −100% for stones > 10 mm, 89% −94% for stones 6–10 mm, and

3% −71% for stones < 6 mm [22] . Taken together, our cohort may

ave relatively small stones less than 6 mm, leading to a possibil-

ty of a negative finding in MRCP as well as CT. On the contrary,

US remains highly sensitive for stones smaller than 5 mm, and its

erformance does not seem adversely affected by decreasing stone

ize [21,23] . However, EUS and MRCP also have some limitations

ncluding high cost for both, interference caused by metallic im-

lants, claustrophobia, lack of rapidity for MRCP and operator de-

endency, a more-invasive nature, and limited availability in some

acilities for EUS. 

Our study showed a higher presence of stones in the EUS

roup when compared to the MRCP group in patients with sus-

ected choledocholithiasis but negative CT finding. The accuracy

f EUS was also higher than MRCP, however, the overall diag-

ostic performance of EUS and MRCP compared by AUC was not

ignificantly different. Therefore, the choice of diagnostic modal-

ty should be based on the available resources, experience of the

hysician, contraindications for patients, and the cost associated

ith each modality, if choledocholithiasis suspected but CT find-

ngs are negative. 

One of the major limitations of our study was that the data

ere obtained from a retrospective study performed on a single

ertiary center. This study was performed by skilled endoscopists

n highly experienced institute, however, the result may be differ-

nt according to the skill and experience of the physicians. There-

ore, this may limit the generalizability of our results. Second, the

etrospective nature of our study makes it difficult to evaluate CBD

ludge clearly. Therefore, we did not consider it choledocholithi-

sis; however, sludge can cause abdominal pain, cholangitis, and

ancreatitis [6] . Third, we did not consider age when defining the

BD dilatation, but mild CBD dilatation related to advancing age

as been reported [24] , and the definition of cholangitis is also

ot consistent for each study. Fourth, time elapsed between CT and

RCP could increase the spontaneous migration of small choledo-

holithiasis through the ampulla. However, we had a mean inter-

al of 1.4 days between CT and ERCP; therefore, the possibility of

pontaneous stones migration was minimized. 

In conclusion, CT-based ASGE guideline showed better diagnos-

ic performance than US for predicting choledocholithiasis. The

iagnostic option of EUS or MRCP in patients with suspected

holedocholithiasis but negative CT finding showed comparable

iagnostic performance. Therefore, the choice of the diagnostic

odality may be based on the available resources, experience of
he physician, contraindication, and the cost associated with each

odality. 
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