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ABSTRACT

Background: The parameters used for predicting choledocholithiasis include clinical 
presentations, liver function tests, and imaging. Moreover, prediction is essential so as to
select suitable therapeutic modalities, which are typically not available in primary hospitals.
Thus, a time gap commonly occurs. In this study, we aimed to assess the incremental yield
of choledocholithiasis prediction if liver function tests or ultrasonography were repeatedly
performed. 
Methods: This was a retrospective cohort study of choledocholithiasis reference tests 
conducted from January 2019 to June 2021. Repeated examinations were frequently 
available in the department protocol. Eligible patients who underwent repeated liver function
tests or ultrasonography were included. The main outcome was analyzed using logistic
regression and receiver operating characteristic analyses, which compared the first investi-
gation and the repeated investigation.
Results: Among all the patients, 424 and 146 underwent repeated liver function tests and 
ultrasonography, respectively. All repeated liver function tests predicted choledocholithiasis;
however, only alkaline phosphatase test in the first investigation predicted choledocholithiasis.
All imaging parameters in both first and repeated examinations were associated with the 
presence of stones. However, repeated ultrasonography showed lower false-positive but higher
false-negative for choledocholithiasis detection. With regard to the comparison of predictive 
abilities, the area under the receiver operating characteristic curve for repeated liver function tests
and repeated ultrasonography increased from 0.77 to 0.82 (p value of <0.01) and from 0.79 to
0.85 (p value = 0.03), respectively.
Conclusion: Repeated liver function tests or ultrasonography increased the predictive ability
to diagnose choledocholithiasis. 
Key words: biomarkers, choledocholithiasis, diagnostic imaging, receiver operating 
characteristic analysis

INTRODUCTIONINTRODUCTION

Choledocholithiasis or common bile duct [CBD] stone is the presence of
stones in the CBD. Various clinical complications can follow, which may some-
times be lethal (1,2). CBD stones are suspected if relevant clinical presentations
(jaundice, pancreatitis, or cholangitis), abnormal liver function tests [LFTs], or
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primary imaging-detected dilated CBD or CBD stones
are noted (2,3). 

CBD stones have various investigation techniques
and therapeutic modalities. The least invasive (e.g.,
magnetic resonance cholangiopancreatography [MRCP])
is safe but has no therapeutic potential (4). However,
endoscopic retrograde cholangiography [ERC] or 
surgical bile duct exploration can treat the stones but
occasionally cause complications (5,6). The choice of
modality is usually based on the individual patient’s risk
factors (7), and it is generally selected during the 
clinical occurrence period. 

However, most therapeutic modalities for CBD
stones are generally available in more advanced hospi-
tals (8); patients with CBD stones are also commonly
referred cases. There is usually a time gap between 
clinical and definitive diagnostic tests. Moreover, CBD
stones are known to spontaneously pass into the 
gastrointestinal tract (9). Although reports exist on
changing clinical predictor values in this scenario (10-
12), to our knowledge, no literature showed improve-
ment in the prediction performance when the clinical
parameters were repeatedly measured. In clinical 
practice, clinical diagnosis includes all clinical predictors
similar to multivariate analysis (13). Thus, the added
predictive value of all related clinical parameters may
be associated more with clinical applications (14). This
study aimed to investigate whether LFTs or primary
imaging is repeated in clinical practice and determine
the predictive value that repeated measurement adds
in the prediction of CBD stone.

MATERIALS AND METHODS MATERIALS AND METHODS 

This was a retrospective cohort study of patients
suspected of CBD stone from January 2019 to June
2021. The three main reference tests for CBD stones,
namely ERC, intraoperative cholangiography or opera-
tive bile duct exploration, and MRCP, were reviewed
using the eligibility criteria. 

This study was conducted at Sawanpracharak
Hospital (Nakhon Sawan, Thailand), which is a regional
700-bed tertiary public hospital. The patients in this
study comprised both local and referred cases. All data
were acquired from the hospital information system.

Inclusion criteria were patients with symptomatic
gallstone, cholecystitis, jaundice, gallstone pancreatitis,
and cholangitis. Patients with symptomatic gallstone
and cholecystitis were included if abnormal LFTs or 
relevant imaging results (dilated bile duct or imaging-
detected CBD stones) were observed. Patients with
jaundice were included if gallstone was detected and

did not meet the exclusion criteria. The diagnosis of
cholecystitis, pancreatitis, and cholangitis was re-
examined using standard guidelines (15-17).

Exclusion criteria were patients with previous biliary
tract intervention or clinically suspected cancers (pain-
less obstructive jaundice; bilirubin > 100 µmol/L) with
anorexia and weight loss as well as imaging-confirmed
bile duct dilatation without stones (18,19). Patients in
whom malignancy was initially suspected but only CBD
stones were eventually confirmed were also excluded.

Potential CBD stone predictors and interacting 
variables were reviewed (i.e., patient’s age, sex, 
jaundice, gallstone pancreatitis, cholangitis, status post
cholecystectomy, cirrhosis, LFTs, and relevant imaging
results). LFTs included serum glutamic oxaloacetic
transaminase, serum glutamic pyruvic transaminase,
alkaline phosphatase, and total bilirubin. Screening
imaging methods included transabdominal ultrasono-
graphy [US] or computed tomography [CT]. CBD stone
detection and CBD size in millimeters were considered
recorded imaging parameters. CBD size was acquired
from the initial reports (if available) or measured from
the hospital picture archiving and communication 
system by the participating radiologist. Cirrhosis was
identified using known diagnosis or morphological
change from imaging studies. 

The study hospital follows a protocol for repeating
LFTs before reference tests. However, some physicians
chose not to repeat the LFTs. Data were excluded if LFTs
were performed more than 7 days prior to the 
reference tests. The study hospital does not have any
protocols for repeat imaging before reference tests.
Nevertheless, some doctors decided to repeat the
imaging using US. Eligible patients were later checked
for repeated LFTs or US investigation. Only patients
with more than one LFT or more than one imaging
investigation were included, and patients with a single
LFT or imaging examination were excluded. 

The status of CBD stones was evaluated using the
reference tests. The tests chosen were decided upon by
the attending physicians. CBD stone was present
(detected) if visualized in the endoscopic or operative
field during any therapy session. Images were reviewed
by either two endoscopists or one of the endoscopists
and a radiologist if CBD stones were not visible (e.g.,
because of fluoroscopic or radiologic filling defects and
patients lost to follow-up). CBD stone was absent (not
detected) if the reference rests did not detect the stone
in at least 5–6 months of follow-up [FU] without 
related symptoms and normal LFTs, with or without
imaging FU. Patients with <5 months of FU were 
contacted by phone to check for symptom persistence
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or therapy in other hospitals. A negative response for
both questions resulted in classifying the result of CBD
stones as absent. However, CBD stones were still
recorded as absent if the reference rests did not detect
the stone and patients were found to have passed away
or lost contact. However, the 5- to 6-month FU was not
required if patients underwent a repeat examination
with any of the reference tests. Inconclusive outcomes
were excluded. All FU data were retrospectively
reviewed from the hospital records data, while phone
contacts were organized during the data collection
process.

For univariate comparison, the t-test or Mann-
Whitney U test was used for continuous data, and
Fisher’s exact test was used for categorical data.
Receiver operating characteristic [ROC] analyses were
conducted to measure the discriminative ability of each
variable and compare the discriminatory power of 
similar variables during the first and repeated examina-
tions. 

The main objective of this study was analyzed
through multivariate logistic regression and ROC 
analyses. Predictors in the multivariate model were
age, sex, status post cholecystectomy, cirrhosis, clinical
presentations (abdominal pain, jaundice, cholecystitis,
pancreatitis, and cholangitis), LFTs, and imaging 
parameters. The additive predictive ability of the
repeated examination was analyzed by changing the
examined value. Two analytic models (i.e., first and
repeated examinations) for LFTs were employed. All
predictors included in logistic regression were similar,
with a change observed between the first and the
repeated values of the LFTs. The most recent imaging
results were used for both models. Two LFT models of

the CBD stone predictive value were calculated and
compared using ROC analyses. 

Primary imaging investigations for CBD stones were
US or CT scans. However, repeated imaging investiga-
tions were only performed using US. The comparisons
were then divided into the all-imaging model (first
imaging modality was US or CT, and repeat imaging was
conducted using US) and the US model (first and
repeated imaging modalities were US). The analytic
models for imaging examination were thereby com-
posed of first all-imaging vs. repeated all-imaging and
first US vs. repeated US. All variables in the logistic
regression analysis were similar, with the exception of
different imaging parameters (CBD size and CBD stone
detection) as per the examined models. The most
recent LFT results were used for entire imaging models.
The predicted ability for two all-imaging models was
calculated and compared. The CT scan data were sub-
sequently removed, and the data from the two US
models were then analyzed using the same process.
Table 1 summarizes the details of the multivariate 
analytic models.

Statistical significance was set at p <0.05. All statisti-
cal analyses were conducted using statistical software
(STATA 17; StataCorp, College Station, TX, USA).

RESULTSRESULTS

This study identified 1,185 patients during the data
collection period. However, 585 patients were excluded
because of the following: meeting the exclusion 
criteria, having missing or duplicate data, showing
inconclusive outcomes, and showing the absence of
pretest LFTs. Ten patients, who were clinically suspected
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Table 1 - Summary of the multivariate logistic regression analytic models in the study

Clinical characteristics LFTs Imaging parametersa

LFTs models, n = 424 Age, gender, clinical presentationsb, The first LFTs The most recent US or CT scan
First LFTs s/p cholecystectomy, cirrhosis 
Repeated LFTs Age, gender, clinical presentationsb, LFTs before reference test 7 days The most recent US or CT scan
s/p cholecystectomy, cirrhosis

All-imaging models, n = 146 Age, gender, clinical presentationsb, LFTs before reference test 7 days The first US or CT scan
First all-imaging s/p cholecystectomy, cirrhosis
Repeated all-imaging Age, gender, clinical presentationsb, LFTs before reference test 7 days The repeated US 

s/p cholecystectomy, cirrhosis

US models, n = 84 
First US Age, gender, clinical presentationsb, LFTs before reference test 7 days The first US

s/p cholecystectomy, cirrhosis
Repeated US Age, gender, clinical presentationsb, LFTs before reference test 7 days The repeated US 

s/p cholecystectomy, cirrhosis

CT, computed tomography; LFTs, liver function tests; US, ultrasonography
aImaging parameters = common bile duct size and imaging-detected common bile duct stones.
bClinical presentations = abdominal pain, jaundice, cholecystitis, pancreatitis, and cholangitis. 
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with CBD stones but later detected with benign bile duct
strictures and malignancies, were also excluded. Five
hundred ninety patients remained. The availability of
repeated examination was then inspected. Of the
remaining patients, 424 had repeating LFT examination;
among these, 146 and 84 patients had repeating US
examination and US as their first imaging, respectively.
Fig. 1 illustrates the summary of participant flow. 

Table 2 presents the patients’ characteristics of
repeated LFTs and repeated all-imaging data. Both of
the abovementioned groups had a high CBD stone
prevalence at 59.0% and 55.5%. Most patients were
elderly women and presented with cholangitis, with
data in similar proportions. The interval from clinical
presentation to the reference tests was approximately 1
month. ERC accounted for over 80% of the reference
tests. 

The median time intervals from the examination to
the reference tests of the first and repeated LFTs were
24.5 days (interquartile range [IQR] = 12.5, 37) and 1

day (IQR = 1, 1), respectively. The median intervals for
imaging were 28 days (IQR = 17, 42) for the first 
imaging and 1 day (IQR = 1, 3) for repeated US in the 
all-imaging data. CT scan accounted for 42.5% (62
patients) of the first imaging in the all-imaging models.

Table 3 shows the distribution of LFTs and imaging
parameters among the CBD stone presence and
absence groups. It also displays the predictive ability of
the parameters in terms of the first and repeated 
examination. Moreover, only the alkaline phosphatase
value of the first examination was significantly higher in
patients with CBD stone presence, or only alkaline
phosphatase could predict the presence of CBD stones.
In contrast with repeated LFTs examination, the value
of all LFTs was significantly higher in patients with CBD
stone presence. All imaging parameters (CBD size and
CBD stone detection) were significantly different
among the CBD stone detection groups in both first and
repeated examination. The patients with CBD stones
had larger CBD sizes and a higher proportion of 
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Figure 1 - Study participants' flow 
diagram. 

CT, computed tomography; CBD, common
bile duct; ERC, endoscopic retrograde
cholangiography; IOC, intraoperative 

cholangiography; LFTs, liver function tests;
MRCP, magnetic resonance 

cholangiopancreatography; s/p, status-post;
US, ultrasonography

aPrereference LFTs = LFTs within 7 days
before reference tests.

bParticipant numbers regarding CBD stone
status of the first imaging with CT or US and
repeated with US, and the first and repeated

imaging with US, respectively
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imaging-detected CBD stones. Notably, the percentage
of CBD stone detection decreased in repeated imaging.
In patients with CBD stone presence, the ratio declined
from 76.5% during the first examination to 51.9% 
during the repeated examination or higher false-
negative proportion. In patients with CBD stone
absence, the proportion of CBD stone detection
decreased from 47.7% during the first examination to
only 10.8% during the repeated examination or lower
false-positive proportion. Areas under the ROC curve
[AUC] reflect discriminative or predictive ability. AUC at
0.7 and 0.8 was an acceptable and excellent ability,
respectively (20). The AUC for all predictors of the
repeated examination was significantly superior to that
of the first examination, with the exception of AUC for
imaging-detected CBD stone. Nevertheless, its p value
was close to 0.05 at 0.14. Only the CBD size of the all-
imaging model had AUC with a 95% confidence interval
[CI] >0.7. The AUC was above this level in both the first
and the repeated imaging investigations, although the
repeated examination showed a higher AUC value. 
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LFTs models All-imaging
(n = 424), models

n (%) (n=146), n (%)

Choledocholithiasis “Presence” 250 (59.0) 81 (55.5)

Mean age (± standard deviation) 63.0 (17.2) 62.3 (16.7)

Female 248 (58.5) 88 (60.3)

Status-post cholecystectomy 39 (9.2) 13 (8.9)

Cirrhosis 26 (6.1) 6 (4.1)

Clinical presentation
Jaundice 66 (15.6) 24 (16.4)
Pancreatitis 55 (13.0) 24 (16.4)
Cholangitis 189 (44.6) 57 (39.0)

The median interval between  
clinical and reference test (IQR) 26 (13, 39) 29 (21, 48)

Reference tests
ERC 355 (83.7) 121 (82.9)
MRCP 39 (9.2) 4 (2.7)
IOC or bile duct exploration 30 (7.1) 21 (14.4)

ERC, endoscopic retrograde cholangiography; IQR, interquartile range; IOC,
intraoperative cholangiography; LFTs, liver function tests; MRCP, magnetic
resonance cholangiopancreatography

Table 2 - Patients' characteristics

First examination Repeated examination

CBD stone p value CBD stone p value

“Presence” “Absence” “Presence” “Absence”

Liver function tests, median (interquartile range), n = 424
CBD stone, n (%) 250 (59.0) 174 (41.0) 250 (59.0) 174 (41.0)
SGOT (U/L) 147 (82, 256) 142 (74, 302) 0.80 47 (25, 93) 29.5 (22,48) < 0.01
SGPT (U/L) 147 (72, 267) 142 (78, 318) 0.81 44 (20, 94) 28 (17, 61) < 0.01
ALP (U/L) 255 (167, 425) 210 (128, 341) < 0.01 185 (111, 339) 109 (81, 164) < 0.01
TB (µmol/L) 62 (31, 106) 58 (27, 91) 0.16 21 (10, 56) 12 (8.6, 22) < 0.01

All-Imaginga, n (%), n = 146
CBD stone 81 (55.5) 65 (44.5) 81 (55.5) 65 (44.5)
Mean CBD size (±SD) (mm) 11.3 (4.1) 9.2 (3.6) < 0.01 10.8 (4.4) 7.3 (3.0) < 0.01
Imaging stone detection 62 (76.5) 31 (47.7) < 0.01 42 (51.9) 7 (10.8) < 0.01

Ultrasonographyb, n (%), n = 84
CBD stone 44 (53.4) 40 (47.6) 44 (53.4) 40 (47.6)
Mean CBD size (±SD) (mm) 10.6 (4.4) 8.9 (3.7) 0.05 10.5 (4.1) 7.5 (3.1) < 0.01
Imaging stone detection 27 (61.4) 10 (25.0) < 0.01 22 (50.0) 4 (10.0) < 0.01

Comparative AUC (95% Confidence Interval)

Liver function tests
SGOT 0.51 (0.45, 0.56) 0.63 (0.57, 0.68) < 0.01
SGPT 0.49 (0.44, 0.55) 0.59 (0.53, 0.64) < 0.01
ALP 0.58 (0.52, 0.64) 0.69 (0.64, 0.74) < 0.01
TB 0.54 (0.48, 0.60) 0.64 (0.59, 0.70) < 0.01

All-imaginga

CBD size 0.79 (0.72,0.86) 0.85 (0.78, 0.91) 0.03
Imaging stone detection 0.64 (0.57, 0.72) 0.71 (0.64, 0.77) 0.14

Ultrasonographyb

CBD size 0.62 (0.49, 0.74) 0.74 (0.63, 0.84) < 0.01
Imaging stone detection 0.68 (0.58, 0.78) 0.70 (0.61, 0.79) 0.70

ALP, alkaline phosphatase; AUC, area under the receiver operating characteristic curve; CBD, common bile duct; SGOT, serum glutamic oxaloacetic transaminase;
SGPT, serum glutamic pyruvic transaminase; SD, standard deviation; TB, total bilirubin 
aAll-imaging = first examinations with ultrasonography or computed tomography scan and repeated examinations with ultrasonography.
bUltrasonography = first and repeated examinations with ultrasonography. 

Table 3 - Distribution of liver function tests and imaging parameters between CBD stone presence and absence groups with the predictors' AUC 
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The added predictive ability of the repeated LFTs
and repeated imaging investigations can be interpreted
by comparing the ROCs in figs. 2 and 3. Repeated LFTs
had a significantly better AUC (AUC for repeated LFTs
vs. AUC for the first LFT; 0.82 (95% CI = 0.77, 0.86) vs.
0.77 (95% CI = 0.73, 0.82); p value < 0.01). The outcome
was similar for the all-imaging models. Repeated 
imaging had a significantly better AUC (AUC for repeated
all-imaging vs. AUC for first all-imaging; 0.85 (95% CI =
0.78, 0.91) vs. 0.79 (95% CI = 0.72, 0.86); p value = 0.03).
However, although repeated US AUC was better, it was
not statistically significant (AUC for repeated US vs. AUC
for the first US: 0.83 (95% CI = 0.74, 0.92) vs. 0.80 (95%
CI = 0.71, 0.90); p value = 0.25). The nonsignificant
result might be because of the use of data obtained
from limited number of participants (n = 84) with large
95% CI (21).

DISCUSSIONDISCUSSION

The results of this study show that repeated LFTs or
imaging (with US in the present cohort) showed a 
better correlation with CBD stone and significantly
increased CBD stone predictive value. Only the alkaline
phosphatase of the first LFTs was associated with the
CBD stone presence group, which is in contrast with all
LFT parameters of repeated examination. Thus, LFTs
performed before reference tests should be used as a
predictor of CBD stone. However, although repeated
LFTs examination increased the predictive ability, 
each parameter of the LFTs showed a relatively low 
discriminative ability even in the repeated test. The AUC

of these variables marginally reached 0.7. Some studies
suggested interpreting LFTs by comparing the first and
repeated values. If the values for the LFTs remained 
elevated, CBD stones were likely retained rather than
spontaneously passing into the gastrointestinal tract
(10,12).

Differences in CBD size among CBD stone presence
and absence groups were larger in the repeated imaging
examination (11.3 vs. 9.2 mm for first imaging and 10.8
vs. 7.3 mm for repeated imaging), affirming the
increased predictive ability of the repeated imaging
investigation. However, a notable aspect of imaging-
detected CBD stone was observed. The repeated 
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Figure 2 - The ROC of the first and repeated LFTs model 
(Comparing AUC’s p value <0.01). 

AUC, area under the receiver operating characteristic curve; CI, confidence
interval; LFTs, liver function tests; ROC, receiver operating characteristic curves 

Figure 3 - The ROC of first and repeated regarding the all-imaging modelsa (a) and the ultrasonography modelsb (b) 
(Comparing AUC’s p value were 0.03 and 0.25, respectively). 

AUC, area under the receiver operating characteristic curve; CI, confidence interval; ROC, receiver operating characteristic curves; US, ultrasonography 
aAll-imaging models = first examinations with ultrasonography or computed tomography scan and repeated examinations with ultrasonography.

bUltrasonography models = first and repeated examinations with ultrasonography.

a b
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imaging had lower false-positive results for CBD stone
detection (the proportion of false-positive cases in the
first imaging vs. that in the repeated imaging: 47.7% vs.
10.8%). However, the repeated imaging had higher
false-negative results or was able to detect CBD stones
to a lesser extent (the proportion of false-negative
cases in the first imaging vs. that in the repeated 
imaging: 23.5% vs. 48.1%). The lower chance of CBD
stone detection may be secondary to the higher 
diagnostic efficacy of a CT scan than US (22), accounting
for 42.5% (62 patients) of the first imaging in the all-
imaging models. However, when CT scan data were
excluded, the proportion was still relatively similar (the
proportion of false-negative cases of the first US vs. the
repeated US CBD stone detection: 38.6% vs. 50.0%).
The lower false-positive numbers reflected the sponta-
neous passage of CBD stones. However, the inability 
to detect CBD stones (higher false-negative) in the
repeated imaging can partially be explained by 
including CT scan data in the first imaging. Other poten-
tial reasons are that the stones show a trend of being
located in the distal part of the CBD (23), a location that
limits the detection of CBD stone via US because of 
having its surroundings obscured by duodenal gas (24).

The best CBD stone predictive ability was incorpo-
rating all clinical parameters with the most recent basic
investigations (AUC=0.85; 95% CI=0.78, 0.91). However,
repeating all examinations may be difficult in clinical
practice, particularly imaging examinations. The predic-
tive ability of the first all-imaging model (with repeated
LFTs examination) was also relatively high (AUC=0.79;
95% CI=0.72, 0.86). The benefit of the repeated US in
the present cohort was the repeated measured CBD
size was more related to presence of the stones (CBD
size’s AUC of first vs. repeated imaging: 0.79 (95% CI=
0.72, 0.86) vs. 0.85 (95% CI=0.78, 0.91)) and probably
the ability to overcome the spontaneous passage of
CBD stone (lower false-positive proportion). However,
the chance of CBD stone detection was lower (higher
false-negative proportion). Thus, repeated imaging
with CT scan may be more appealing, but whether it is
beneficial in clinical practice warrants further studies.
CT scan also had a more adverse effect on patients, e.g.,
radiation exposure (25), contrast-induced nephrotoxicity,
or allergic reaction (26). Moreover, CT may not be 
superior to US in terms of CBD stone prediction in 
real-life practice (27). According to the results of this
study, the repeated imaging examination with US also
showed the incremental predictive value benefit, as 
illustrated in fig. 3 (a).

This study had considerable limitations. First, this

study was potentially subjected to selection bias in at
least two processes. One was the patients’ selection
from the outcome (reference tests) rather than clinical
presentations. Some patients may have minimal LFT
abnormality or minimal imaging changes (e.g., minimal
dilated CBD). In this case, physicians may choose to
observe without performing reference tests. However,
the selection protocol was not changed because of the
outcome validity. Another potential selection bias was
that a large proportion of patients were excluded owing
to the absence of repeated investigation. Moreover,
endoscopic ultrasonography, one of the CBD stone 
reference tests (28), was not included because it was
not available during the study period. In this problem
associated with selection, changing the protocol to that
of a prospective study may be more suitable in future
studies. Second, imaging comparison models may 
not be ideal caused by the difference in diagnostic
property between US and CT scans. However, the result
of this study revealed the incremental benefit of
repeated imaging studies even using US. Although US
has lower diagnostic properties, it is safer. With
increased CT availability and accessibility, conducting
the study using only US may be impractical. Finally, the
only US comparison model showed a nonsignificant
result and was likely secondary to limited statistical
power. The wide 95% CI (approximately 0.70–0.90) of
the AUC values indicated an insufficient number of 
participants (21). Thus, interpretation of the results in
this group of patients is limited. 

In conclusion, repeated LFTs or imaging examina-
tions with US added the predictive ability to 
CBD stone diagnosis. When choosing CBD stone 
reference tests, consideration should be based on
the most recent investigations. However, organizing
repeated imaging investigations may be complicated
in clinical practice. Although repeated imaging 
examination with US could help in the evaluation of
the CBD size and the spontaneous passage of CBD
stones more accurately, it could lead to more cases
of missed CBD stones. Thus, whether repeated 
imaging should be conducted using a CT scan
requires further research. 
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