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Introduction: Endoscopic retrograde cholangiopancreatography (ERCP), ultrasonography (US), magnetic resonance
cholangiopancreatography (MRCP), and computed tomography (CT) are widely used to determine choledochal
stones. It aimed to determine the sensitivity and diagnostic contribution of radiclogical techniques in detecting
common choledochal stones.

Materials and Methods: The study included 1152 patients with choledochal stone who underwent ERCP. Initially,
each patient underwent USG, CT, and MRCP. ERCP was performed 2-7 days later. The results were compared with
the ERCP results, and the F1 score was calculated.

Results: Compared to ERCP, the most effective method in the detection of choledochal stones is MRCP (F score:
0.84), CT (F score: 0.73), MR+BT (F score: 0.75), MR+BT+USG (F score: 0.55), and US (F score: 0.43).

Conclusion: ERCP is the most commonly used method in treating choledochal stones. However, since this method
is invasive, its use for diagnostic purposes has decreased due to the possibility of complications. MRCP alone is

sufficient in diagnosing choledochal stones regardless of other imaging methods.
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Introduction

Choledocholithiasis  remains one of the
common medical problems leading to surgery.
Endoscopic Retrograde Cholangiopancreato-
graphy (ERCP) is a method that can be used
to diagnose and treat choledocholithiasis,
but complications, presenting as pancreatitis,
can occur in 8% to 12% (1, 2). Due to its
invasiveness and complications, its use for
diagnostic purpose has gradually decreased (3).

However, ERCP should be preferred in patients
with a strong suspicion of choledochal stones;
otherwise, the use of ultrasonography (US),
computed tomography (CT), or MR Cholangio
pancreatography (MRCP) is preferred (4).

Abdominal US is a method used in the
diagnosis of choledocholithiasis. However,
Wilcox et al. (5) and Qiu et al. (6) reported two
studies showing the presence of choledochal
stones with different technique and percentage
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in patients with regular liver function tests and
US findings. CT is preferred in emergencies to
evaluate abdominal pain. The diagnostic value
of tomography in this situation is controversial,
and it is stated in the literature that it should
not be preferred as a priority (7). MRCP and
endoscopic  USG are routinely preferred
radiological methods today to avoid invasive
procedures such as ERCP. Especially, MRCP is
now recognized as the most appropriate
non-invasive method to detect choledochal
stones, with a sensitivity of 93% and a specificity
of 96% (8).

As a result of obstructive jaundice due to
choledochal stone, serious complications such
as cholangitis, sepsis, multi-organ failure,
coagulopathy, and kidney failure may develop
(9). For this reason, the correct and early
diagnosis of suspected cases of biliary tract
obstruction is crucial in determining the
appropriate treatment option (9). Some studies
have shown the effectiveness of US, CT, and
MRCP in the differential diagnosis of bile duct
obstruction due to common choledochal
stones (9). In this study, our objective was to
determine the efficiency and superiority of US,
CT, and MRCP in the diagnosis of patients who
underwent ERCP with the preliminary diagnosis
of choledochoalithiasis.

Materials and Methods

Study Design

Between June 2019 and April 2022, a total of
1152 cases diagnosed with bile duct stones in
Sanliurfa  Mehmet Akif Inan Training and
Research Hospital General Surgery Clinic were
included in the study.

Ethical Statement

The ethics committee approval of the study
was obtained from Harran University Clinical
Research Ethics Committee (HRU/22.15.03).
Al patients underwent contrast-enhanced
abdominal CT at the time of admission to the
clinic and US and MRCP of the entire abdomen
1-2 days after admission. Radiologists reported

Ugurlu et al.

radiological examinations. Imaging studies
revealed pancreaticobiliary ducts, and the
localization and cause of the pathology were
detected. ERCP was performed on these
patients in an average of 2-7 days. F1 scores
were calculated (10). The F1 score was taken as
the basis for the evaluation of the results of this
study (Table 1). The F1 score value shows the
harmonic average of the sensitivity and
specificity values (11).

Results

The mean age of 1152 patients who underwent
ERCP for choledochal stone was 58.5+20.2
years. The gender distribution was 754 women
(65.4%) and 398 (34.6%) men.

The data obtained in the study are given in
Table I. When evaluated according to the F1
score, it was found that the best diagnosis in
this study was made by MRCP (F1 score 0.84).
This was followed by the combination (F1 score
0.75), CT (F score 0.73), and US (F1 score 0.43),
respectively. The f-score of the MR+CT+US
combination was 0.55 (Table 1).

Discussion

In this study, the effectiveness of MRCP for
detecting choledochal stones was restored.
However, the diagnostic value of US, which is
often used to evaluate common bile ducts, was
deficient. In addition, the combined test
(MR+CT and MR+CT+US) used in diagnosing
choledochal stones did not increase the
effectiveness.

Abdominal US is a noninvasive, inexpensive,
practical examination that can be applied
almost anywhere (3). Wilcox et al. (5) and Qiu
et al. (6) reported two studies showing the
presence of choledochal stones with different
techniques and percentages in patients with
routine liver function tests and in the US. That is
why the abdominal US should be the first
option, but if choledocholithiasis is suspected, it
is necessary to perform further radiological
examinations in addition to routine serology
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Table 1. Diagnostic performances of MRCP, US and CT in choledochal stones

Variables
Patient Healthy
US Patient 452 73
Healthy 619 55
Patient 977 29
M Healthy 94 99
cT Patient 878 44
Healthy 193 84
Patient 977 46
ML Healthy = 94 82
Patient 977 77
SEHETE Healthy 94 51

PPV Positive Predictive Value, NPV: Negative Predictive Value

and US evaluation (7). In our study, the
diagnostic value of the US was found to be low.
While it was sufficient to detect patients with
stones [positive predictive value (PPV): 0.86], it
was very insufficient to exclude patients without
stones [negative predictive value (NPV): 0.08].

In the study of Kalthantaner et al., the sensitivity
of MRCP for choledocholithiasis was reported
in a wide range between 0.50-1 and the
specificity between 0.83-1 (12). The diagnostic
value of MRCP is relatively high in biliary
obstructions, especially choledocholithiasis, and
invasive examinations of ERCP can reduce the
diagnostic value (12). In another study, the
sensitivity of MRCP for choledocholithiasis in
patients confirmed by ERCP was 100%, the
specificity was 86%, and the accuracy was 96%
(13). In another study, the sensitivity of MRCP in
determining lesions in the common bile ducts
was 85%, specificity 75%, PPV 89.5%, NPV
66.7%, and accuracy 82% (14). MRCP sensitivity
(66.6%), specificity (82.8%), PPV (86.9%), and
NPV (59.1%) for choledocholithiasis were
reported when patients whom ERCP could not
determine were excluded. The sensitivity of
MRCP has been shown to increase to 91.9%
when stones of 5 mm and larger are taken into
account (15). In our study, the sensitivity of
MRCP was 0.91, selectivity 077, PPV 0.97,

10

ERCP
Sensitivity Selectivity PPV NPV F score
0.43 0.42 0.86 0.08 0.43
0.91 077 0.97 0.51 0.84
0.82 0.66 0.95 0.30 0.73
0.91 0.64 0.96 0.47 0.75
0.91 0.40 0.93 0.35 0.55

NPV0.51, and F score 0.84. These results are in
agreement with previous studies.

There may be errors in the detection of
choledochal stones in MRCP. Physiological
changes, such as dysfunction of the sphincter of
Oddi, which appear pathologically as stones or
distal common bile duct tumors, and various
technical artifacts, such as benign strictures,
may occur. Due to this, it is known that small
stones cannot be detected from time to time in
MRCP (16, 17). Routine MRCP without positive
laboratory tests for choledochal stones is the
main limitation, as it is not affordable (18). Other
drawbacks of MRCP are the possibility of being
unable to be done in non-tertiary health
institutions and the lack of therapeutic effect.
Therefore, techniques that can be used for
therapeutic and diagnostic use should be
preferred in the suspicion of choledochal
stones. Performing MRCP is also difficult in
patients with severe obesity, having a metallic
foreign body in their body, and claustrophobia.
It is known that the presence of stones smaller
than 5 mm and peripancreatic edema are
disadvantageous in detecting choledochal
stones (19). Despite many disadvantages, it is
a superior technique to USG because it is
non-invasive and provides a higher spatial
and three-dimensional image with proprietary
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software (7). However, since it is a noninvasive
technique, it should always be preferred before
referring patients to other invasive procedures.

CT is usually preferred in emergencies to
evaluate abdominal pain. The diagnostic value
of tomography in this situation is controversial,
and itis stated in the literature that it should not
be preferred as a priority (7). Because the lack
of calcium in many gallstones leads to a similar
density to surrounding bile, the CT's visibility
and sensitivity are limited (7). CT scanning
increases patients' exposure to X-rays and
incurs higher costs than in the US (7). The
diagnostic power of CT is higher than the US,
and MRCP is lower in the diagnosis of common
choledochal stones (20, 21). In some studies, CT
cholangiography has similar sensitivity and
specificity to MRCP (21, 22). The new multi-
detector CT showed a sensitivity of 78% and a
specificity of 96% (23). On the other hand, Kim
et al. (24) reported that in 17% of cases in 2013,
64-detector CT did not display choledochal
stones due to <5 mm size, black/brown color,
and age of the patient. Greater exposure to
radiation and lower diagnostic power makes CT
less effective than MRCP (7).

MRCP has been reported to be more sensitive
than USG and CT in detecting common
choledochal stones. MRCP has comparable
sensitivity and specificity to ERCP in detecting
extrahepatic bile duct stones and has been
reported to be superior to ERCP in diagnosing
intrahepatic bile duct stones (25). Studies
have reported that the combination of MRCP
and US-CT can show the degree of biliary
obstruction with higher accuracy, thus enabling
diagnosis in cases where the guidewire cannot
advance due to closed obstruction and ERCP is
not diagnostic (26). Although MRCP has high
sensitivity and specificity, the sensitivity did not
change positively when we performed the
combined test application (MR-CT and MR-CT-
US combinations) to increase sensitivity and
selectivity. On the other hand, we observed that

i
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the selectivity gradually decreased and false
positives increased with each new addition of
the test, as expected in the parallel test
application.

Conclusion

Although anamnesis, clinical, and laboratory

findings often give an idea in diagnosing
common choledochal stones, imaging in the
early period is very important in making the
diagnosis and avoiding unnecessary ERCP
procedures. MRCP is a non-invasive, easily
accessible method comparable to ERCP to
differentiate choledocholithiasis. The fastest
and most sensitive method should be
determined to avoid unnecessary imaging.
Choosing the imaging method according to
clinical and laboratory findings is crucial for
correct diagnosis.
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