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Abstract

BACKGROUND

Choledocholithiasis develops in up to 20% of patients with gall bladder stones.
The challenge in diagnosis usually occurs with small stones that may be missed
by magnetic resonance cholangiopancreatography (MRCP). Endoscopic ultr-
asound (EUS) is accurate in detecting common bile duct (CBD) stones missed by
MRCP, especially the small ones or those impacted at the distal CBD or the papi-
llary region.

AIM
To evaluate the accuracy of EUS in detecting CBD stones missed by MRCP.

METHODS

Patients with an intermediate likelihood of choledocholithiasis according to ESGE
guidelines and those with acute pancreatitis of undetermined cause were incl-
uded. The presence of choledocholithiasis was evaluated by MRCP and EUS, and
then results were confirmed by endoscopic retrograde cholangiopancreatography
(ERCP). The sensitivity and specificity of EUS and MRCP were compared re-
garding the presence of stones, the size, and the number of detected stones.

RESULTS

Ninety out of 100 involved patients had choledocholithiasis, while ten patients
were excluded as they had pancreatic or gall bladder masses during EUS exam-
ination. In choledocholithiasis patients, the mean age was 52.37 + 14.64 years, and
52.2% were males. Most patients had biliary obstruction (74.4%), while only 23
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(25.6%) patients had unexplained pancreatitis. The overall prevalence of choledocholithiasis was
83.3% by EUS, 41.1% by MRCP, and 74.4% by ERCP. Also, the number and size of CBD stones
could be detected accurately in 78.2% and 75.6% by EUS and 41.1% and 70.3% by MRCP, respe-
ctively. The sensitivity of EUS was higher than that of MRCP (98.51% vs 55.22%), and their predi-
ctive value was statistically different (P < 0.001). Combination of both tools raised the sensitivity to
97.22% and specificity to 100%.

CONCLUSION
EUS could be a useful tool in assessing patients with suspected choledocholithiasis especially if
combined with MRCP. However, its usefulness depends on its availability and the experience of
the local centers.

Key Words: Magnetic resonance cholangiopancreatography; Endoscopic ultrasonography; Choledocho-
lithiasis; Missed common bile duct stones

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Still, there is a great challenge in diagnosing suspected cases of choledocholithiasis that could
develop in up to 20% of patients with gall bladder stones. Endoscopic ultrasound (EUS) can easily detect
small stones that magnetic resonance cholangiopancreatography (MRCP) could miss. EUS still has many
diagnostic purposes with high accuracy in detecting common bile duct (CBD) stones missed by MRCP,
especially the small ones or those impacted at the distal CBD or the papillary region.

Citation: Eissa M, Okasha HH, Abbasy M, Khamis AK, Abdellatef A, Rady MA. Role of endoscopic ultrasound in
evaluation of patients with missed common bile duct stones. World J Gastrointest Endosc 2022; 14(9): 564-574
URL: https://www.wjgnet.com/1948-5190/full/v14/i9/564 .htm
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INTRODUCTION

Choledocholithiasis is considered one of the most important causes of abdominal pain in patients with
gall bladder stones. It can occur in 3%-16% of patients with gall stones and can reach up to 21% in
patients with gall stone pancreatitis[1,2]. Diagnosis of choledocholithiasis is not always straightforward
[3]. Clinical evaluation and biochemical tests are insufficient to establish a firm diagnosis without
reliable confirmatory testing, so magnetic resonance cholangiopancreatography (MRCP) is routinely
used to clarify the diagnosis after ultrasound results[4]. Endoscopic retrograde cholangiopancreato-
graphy (ERCP) is now considered the gold standard for diagnosis; however, its invasive nature and
complications such as pancreatitis defer its use in diagnosis as a first option[5].

Since the recommendations by the ASGE and ESGE guidelines for diagnosing patients with an
intermediate likelihood of choledocholithiasis by MRCP, endoscopic ultrasound (EUS) is now widely
used to assess the presence of choledocholithiasis[6,7]. Despite its overall high accuracy, the role of EUS
in the diagnosis of choledocholithiasis has not been firmly established since EUS is relatively invasive
compared with MRCP and computed tomography][8].

The cause of biliary obstruction is not always detected by the available non-invasive imaging
modalities like MRCP and may be detected later during biliary drainage as small stones, so in our study,
we evaluated the usefulness and accuracy of EUS in detecting missed stones by MRCP as a cause of
biliary obstruction.

MATERIALS AND METHODS
Methodology

This observational cohort study aimed primarily to evaluate the usefulness and accuracy of EUS in de-
tecting missed stones by MRCP as a cause of biliary obstruction.

Patients and assessments

This prospective study was conducted on 100 patients recruited from National Liver Institute and
Internal Medicine Department, Kasr Al-Ainy Hospital from 2019 to 2021. We included patients with
dilated CBD (diameter ranging from 6 to 10 mm), those with unexplained elevated liver enzymes, and
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those with unexplained causes of acute pancreatitis. All patients with cholangitis were excluded from
the study and referred for urgent ERCP drainage. Also, we excluded patients with malignant masses
found by EUS and confirmed by histopathology. All included patients were above 18 years of age.

Assessment of our patients was performed by liver function tests, serum amylase, lipase, abdominal
ultrasound, MRCP, and EUS. ERCP was conducted on all patients for confirmation of the findings of
MRCP and EUS. MRCP was done few days before EUS, then ERCP was done later on. The EUS operator
was blind to MRCP examination. We followed up with the patients for 3 mo after the procedures
clinically and biochemically.

Results from MRCP and EUS were compared with those from ERCP to calculate the sensitivity and
specificity of EUS and MRCP in detecting choledocholithiasis in our patients. Also, the accuracy of both
MRCP and EUS in detecting the size and number of stones in CBD was evaluated.

Our institution’s Research Ethical Committee approved the study, and all patients gave their
informed written consent before inclusion in the study, according to the ethical guidelines of the 1975
Declaration of Helsinki.

Examination procedure

All the patients, after thorough full history taking and clinical examination, were subjected to: (1) EUS
examination using a linear Echoendoscope Pentax EG3870UTK (HOYA Corporation, PENTAX Life Care
Division, Showanomori Technology Center, Tokyo, Japan) connected to a Hitachi AVIUS machine
(Hitachi Medical Systems, Tokyo, Japan). All examinations were performed under deep sedation with
IV propofol. For EUS-FNA, we used the Cook 19G and 22G needles (Echotip; Wilson-Cook, Winston
Salem, NC). Prophylactic ceftriaxone (1 g) was administrated before the procedure; and (2) ERCP
examination that was performed using a side view scope Pentax ED-3490TK (HOYA Corporation,
Tokyo, Japan). All examinations were performed under deep sedation with IV propofol. Prophylactic
ceftriaxone (1 g) was administrated before the procedure.

Statistical analysis

Data were fed to the computer and analyzed using IBM SPSS software version 20.0 (Armonk, NY: IBM
Corp). Qualitative data are described using numbers and percentages. The Kolmogorov-Smirnov test
was used to verify the normality of distribution. Quantitative data are described using range (minimum
and maximum), mean, standard deviation, median, and interquartile range. The significance of the
obtained results was judged at the 5% level. The chi-square test was applied to compare categorical
variables between different groups. The Fisher’s exact test was used for correction for chi-square when
more than 20% of the cells had an expected count of less than 5.

RESULTS

After excluding the ten patients with malignancy, the total number of male patients was 47 (52%), and
that of female patients was 43 (48%), who were included till the end of the study with a mean age of
52.37 £ 14.64 years (Figure 1). The number of patients who fulfilled the criteria of an intermediate
probability of biliary obstruction were 67 (74.4%), while that of patients with unexplained acute pancre-
atitis was 23 (25.6%). Only seven patients proved to have CBD stones, of whom all were detected by
EUS, but only four were detected by MRCP. No other causes of acute pancreatitis as cystic pancreatic
lesions, pancreatic divisum, or pancreatic duct stones could be detected by MRCP or EUS. Most patients
had elevated liver enzymes (60%) and direct hyperbilirubinemia (81%), as shown in Table 1. Abdominal
ultrasound showed that 72.2% of patients had gall bladder stones; meanwhile, only nine had a history of
cholecystectomy with a mean CBD diameter of 9.13 + 2.35 mm (Figure 2).

Choledocholithiasis was detected in 83.3% of patients by EUS, 74.4% by ERCP but only 41.1% by
MRCP. EUS detected the number of stones more accurately than MRCP (95% vs 41%, respectively), as
shown in Table 2.

Regarding the size of stones, EUS had a higher accuracy in detecting stones less than 5 mm (25 out of
53 negatives for stones by MRCP), as shown in Table 2.

EUS was statistically more accurate than MRCP in detecting stones (P < 0.001), especially in stones
less than 5 mm (88.8% vs 66.6%, respectively). The sensitivity of EUS was 98.51%, while that of MRCP
was only 55.5%, but the specificity of MRCP was higher than that of EUS (100% vs 60.87%, respectively),
as shown in Table 3. The combination of EUS with MRCP showed a sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and overall accuracy of 97.22%, 100%, 100%,
91.67%, and 97.87%, respectively (Table 4).

Indeed, there are differences in endoscopic skill between endoscopists, so we analyzed the data for
expert and non-expert endoscopists (Table 5).

We found ten cases considered false negative by EUS, where six cases had gravels on EUS, three had
small non-floating stones less than 5 mm, and one had a stone over the old plastic stent. Figures 3-5
show different forms of detected CBD stones from our patients.
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n %
Alanine transaminase, aspartate aminotransferase Up to 33 U/L
Normal 36 40.0
<3 fold 44 48.9
>3 fold 10 11.1
Bilirubin Up to 1.1 mg/dL
Normal 17 18.9
Yes 73 81.1
<5mg/100 mL 54 74.0
>5mg/100 mL 19 26.0
Min-Max 1.40-20.0
mean + SD 3.99 +3.30
Median (IQR) 3.0 (2.0-5.0)
Alkaline phosphatase 35-104 U/L
GGT Up to40U/L
Normal 7 7.8
<3 fold 24 26.7
>3 fold 59 65.6

IQR: Interquartile range; GGT: Gamma glutamyl transpeptidase.

10 patients
excluded due to
malignancy

Total number of
patients 100

53 patients negative
for choledocholithiasis

(—‘ 90 patients did MRCP ‘—) 37 patients positive for

choledocholithiasis

‘ Then EUS done for all 90 patients ‘

75 patients positive for 15 patients negative
choledocholithiasis for choledocholithiasis

for stones

Figure 1 Flow chart of the studied patients. MRCP: Magnetic resonance cholangiopancreatography: EUS: Endoscopic ultrasound; ERCP: Endoscopic

67 patients positive

Then ERCP done to all 90 patients

23 patients negative for
stones

DOI: 10.4253/wjge.v14.i9.564 Copyright ©The Author(s) 2022.

Retrograde Cholangiopancreatography.
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The ten cases with the malignant cause of biliary obstruction were detected by EUS as seven cases
with pancreatic head mass, two with gall bladder carcinoma, and one with CBD mass (diagnosed as
cholangiocarcinoma by further evaluation with spyglass).
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Table 2 Cases of choledocholithiasis detected by endoscopic ultrasound

Common bile duct stones detected by endoscopic ultrasound Patients (n) %

Common bile duct stones detected by endoscopic ultrasound

No 13 16.7
Yes 75 83.3
Stones (1)

No stones 20 222
1 42 46.7
2 12 13.3
3 5 5.6
4 1 11
5 1 11
6 1 11
Multiple 8 8.9

Size of stones (mm)

No stones 20 222
Gravels (1-2 mm) 2 22

3-5 25 27.8
>5 43 47.8

Table 3 Accuracy, sensitivity, and specificity of endoscopic ultrasound and magnetic resonance cholangiopancreatography in

detecting choledocholithiasis

Endoscopic retrograde

cholangiopancreatography findings Sensitivity  Specificity PPV NPV Accuracy
No (n=23) Yes (n=67)
CBD stones detected n % n %
by EUS
No 14 60.9 1 15 98.51 60.87 88.0 93.33 88.89
Yes 9 39.1 66 985
FEp value 43.464 (< 0.001)
MRCP stones n % n %
No 23 100.0 30 44.8
Yes 0 0.0 37 55.2 55.22 100.0 100.0 43.40 66.67
P value 21.569 (< 0.001)

PPV: Positive predictive value; NPV: Negative predictive value; CBD: Common bile duct; EUS: Endoscopic ultrasound; MRCP: Magnetic resonance
cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography.

DISCUSSION

MRCP has been used to detect biliary obstruction in the last decade, but the cause cannot be detected in
many patients[5]. The latest ASGE and ESGE guidelines recommend performing MRCP or EUS for
evaluating patients with an intermediate probability of choledocholithiasis. However, it does not
recommend one modality over the other[6,7]. Since the wide use of EUS, many studies have evaluated
its role in detecting the cause of biliary obstruction[8]. EUS has a high accuracy in diagnosing pancreatic
diseases and sampling tissues, but its role in diagnosing choledocholithiasis has not been confirmed like
in pancreatic diseases[9].
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Table 4 Agreement (sensitivity, specificity, and accuracy) for combined endoscopic ultrasound and magnetic resonance

cholangiopancreatography

ERCP findings

:8':;;‘;‘; No (n = 11) Yes (n = 36) Sensitivity  Specificity PPV NPV Accuracy
n % n %

No 11 100.0 1 2.8 97.22 100.0 100.0 91.67 97.87

Yes 0 0.0 35 97.2

FEP value 41.887 (< 0.001)

PPV: Positive predictive value; NPV: Negative predictive value; EUS: Endoscopic ultrasound; MRCP: Magnetic resonance cholangiopancreatography;
ERCP: Endoscopic retrograde cholangiopancreatography.

120

100

80 -

m Sensitivity
m Specificity

60 -

40 -

20 -

Sensitivity and specificity values

0 4
EUS MRCP
DOI: 10.4253/wjge.v14.i9.564 Copyright ©The Author(s) 2022.

Figure 2 Comparison of sensitivity and specificity of endoscopic ultrasound and magnetic resonance cholangiopancreatography in
detecting choledocholithiasis. EUS: Endoscopic ultrasound; MRCP: Magnetic resonance cholangiopancreatography.

\

Two distal CBI}?@

DOI: 10.4253/wjge.v14.i9.564 Copyright ©The Author(s) 2022.

Figure 3 Two distal common bile duct stones as seen from the gastric body. CBD: Common bile duct.

This study evaluated the accuracy of EUS in detecting CBD stones, especially those missed by MRCP
in patients with an intermediated probability of CBD stones and recurrent unexplained pancreatitis.
Our study included 100 patients, which is considered a large number compared to other studies like
Rana et al[10] (40 patients) and Patel et al[11] (78 patients), but a small number compared to Wee et al[12]
who included 593 patients but only 35.3% of those patients had MRCP (all our patients had MRCP).

Similar to the previously mentioned studies[10,11], we found no statistically significant variables
regarding clinical and laboratory data that could predict the presence of CBD stones on EUS, MRCP, or
ERCP.

In the current study, we found that EUS had a higher accuracy in detecting choledocholithiasis than
MRCP (88.8% vs 66.6%, respectively) with a higher sensitivity (98% vs 55%, respectively) but lower
specificity (60.8% vs 100%, respectively). This lower specificity of EUS might be attributed to the time
gap between EUS and ERCP (passed stones), missed gravels during balloon sweeping, and false
perception of air as stones in some cases. Many other studies that evaluated the diagnosis of
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Table 5 Differences in endoscopic skill between expert and non-expert endoscopists

CBD stones detected by Total (n=90) Non-expert (n = 27) Expert (n = 63)
EUS n % n % n %
No 15 16.7 11 40.7 4 6.3
Yes 75 83.3 16 59.3 59 93.7
Number
No. 20 222 14 51.9 6 9.5
1 42 46.7 8 29.6 34 54.0
2 12 13.3 2 7.4 10 15.9
3 5 5.6 0 0.0 5 7.9
4 1 1.1 0 0.0 1 1.6
5 1 11 0 0.0 1 1.6
6 1 1.1 0 0.0 1 1.6
Multiple 8 8.9 3 11.1 5 7.9
Size (mm)
No. 22 244 14 51.9 8 12.7
=<15) 25 27.8 4 14.8 21 333
>5 43 47.8 9 333 34 54.0
Other findings of EUS
No 65 72.2 14 51.9 51 81.0
Yes 25 27.8 13 481 12 19.0
ERCP findings Sensitivity Specificity PPV NPV Accuracy
No Yes
n % n %
Total sample (1 = 90) n=23 n=67
No 14 60.9 1 15
Yes 9 39.1 66 98.5 98.51 60.87 88.0 93.33 88.89
FEP value 43.464 (< 0.001)
Non-expert (n = 27) n=13 n=14
No 10 76.9 1 71
Yes 3 23.1 13 929 92.86 76.92 81.25 90.91 85.19
FEP value 13.595 (< 0.001)
Expert (n = 63) n=10 n=>53
No 4 40.0 0 0.0
Yes 6 60.0 58] 100.0 100.0 40.0 89.83 100.0 90.48
FEP value 22.637 (< 0.001)

PPV: Positive predictive value; NPV: Negative predictive value; EUS: Endoscopic ultrasound; MRCP: Magnetic resonance cholangiopancreatography;
ERCP: Endoscopic retrograde cholangiopancreatography.

choledocholithiasis by EUS showed variable results regarding sensitivities and specificities. For
example, Jagtap et al[13] showed that the sensitivities of both EUS and MRCP were similarly high (92%-
98%). Also, Patel et al[11] showed that the sensitivity and specificity of EUS were 93% and 97.3%,
respectively, but most included patients had a high probability of choledocholithiasis. Wee et al[12]
reported sensitivities from 85% to 100% for EUS and 73% to 99% for MRCP. In a meta-analysis of five
head-to-head studies comparing EUS to MRCP for choledocholithiasis, the pooled sensitivity and
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Figure 4 A small soft non-shadowing common bile duct stone as seen from the bulb of the duodenum. CBD: Common bile duct.

A large impacted papillary stone

DOI: 10.4253/wjge.v14.i9.564 Copyright ©The Author(s) 2022.

Figure 5 An impacted stone in the region of the major papilla as seen in the mid-second part of the duodenum.
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specificity of EUS were 97% and 90%, respectively, vs 87% and 92% for MRCP, respectively[14].

Also, de Lédinghen ef al[15] reported a good sensitivity (100%) but low specificity (62%) for MRCP in
diagnosing choledocholithiasis. Meanwhile, Materne et al[16] showed a 91% sensitivity and 94%
specificity for MRCP, close to the values for EUS. The study conducted by Scheiman et al[17] reported
significantly better results with EUS (sensitivity, 95%; specificity, 80%) than with MRCP (sensitivity,
40%; specificity, 96%) in diagnosing choledocholithiasis.

Another study compared the accuracy of EUS with ERCP in detecting choledocholithiasis and
showed that EUS had a sensitivity of 100% and specificity of 94.7%.

One of the reasons for missed stones by MRCP that were detected by EUS was non-floating stones at
the papillary region or distal CBD, as this is considered one of the pitfalls in MRCP interpretation, as
mentioned by Irie et al[18]. Another reason was the stones with a diameter less than 5 mm (25 cases
detected by EUS vs only 10 by MRCP), which suggests the accuracy of EUS in detecting small stones
[19]. Also, EUS was superior to MRCP in detecting the number of stones inside the CBD (70 cases by
EUS vs only 26 by MRCP), which is contradictory to the study of Aubé¢ et al[20] that found no significant
difference between the two modalities (MRCP detected four of six cases while EUS detected five of six
cases).

Many studies comparing EUS and MRCP in idiopathic acute pancreatitis have shown that EUS has
higher diagnostic yields than MRCP[21]. In this context, EUS should be considered the first choice in
diagnosing idiopathic acute pancreatitis[22]. Biliary diseases such as cholelithiasis, choledocholithiasis,
microlithiasis, and biliary sludge are the leading cause of idiopathic acute pancreatitis[23].

In our study, cases with unexplained pancreatitis were evaluated by EUS and MRCP, which showed
that EUS was more sensitive in detecting stones than MRCP (90% vs 78%, respectively), as only seven
patients proved to have CBD stones, of whom all were detected by EUS but only four were detected by
MRCP[23]. Meanwhile, no other causes of acute pancreatitis as cystic pancreatic lesions, pancreatic
divisum, or pancreatic duct stones could be detected by MRCP or EUS. And this finding is in agreement
with Akkuzu et al[24], who reported a sensitivity of EUS and MRCP in evaluating acute pancreatitis of
89.65% and 72.4%, respectively.

Combining EUS with MRCP is very valuable in diagnosis of missed CBD stones than each one alone.
In our study, the combination of the two tools raised the sensitivity, specificity, PPV, NPV, and overall
accuracy into 97.22, 100, 100, 91.67, and 97.87, respectively.

The main limitation in our study was the financial cost of doing EUS, ERCP, and MRCP for all of the
included patients. The second limitation was that we considered ERCP as the gold standard in detecting
CBD stones. Although it is an accurate modality for detecting CBD stones, some false-negative cases
may occur. Small stones may be missed if the CBD is under- or over-filling with contrast. Minute stones
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or gravels may be missed during balloon sweeping. Also, in some cases, there was a time gap between
ERCP and EUS that might give a chance of passage of small stones out of the CBD that could give false-
positive results on EUS.

CONCLUSION

Our study showed that EUS and MRCP are not equal tools in diagnosing choledocholithiasis in patients
with an intermediate probability of choledocholithiasis. EUS is more accurate than MRCP in detecting
non-floating stones in the papillary region and small stones, especially those less than 5 mm, and
defining the size and number of stones. Furthermore, combining EUS with MRCP proved to be very
valuable in accurate diagnosis of patients with an intermediate probability of choledocholithiasis.

EUS could be a good first option for evaluating patients with an intermediate probability of
choledocholithiasis when it is available with good experience.

Combining EUS with MRCP is recommended for accurate evaluation of patients with an intermediate
probability of choledocholithiasis if both are available.

ARTICLE HIGHLIGHTS

Research background

Choledocholithiasis develops in up to 20% of patients with gall bladder stones. The challenge in
diagnosis usually occurs with small stones that may be missed by magnetic resonance cholangiopan-
creatography (MRCP). Endoscopic ultrasound (EUS) is accurate in detecting common bile duct (CBD)
stones missed by MRCP, especially the small ones or those impacted at the distal CBD or the papillary
region.

Research motivation

Still, there is a great challenge in diagnosing cases with an intermediate probability of choledocho-
lithiasis that develop in up to 20% of patients with gall bladder stones. EUS can easily detect small
stones that MRCP could miss. EUS still has many diagnostic purposes with a high accuracy in detecting
CBD stones missed by MRCP, especially the small ones or those impacted at the distal CBD or the
papillary region.

Research objectives
To evaluate the accuracy of EUS in detecting CBD stones missed by MRCP.

Research methods

Patients with an intermediate likelihood of choledocholithiasis according to ESGE guidelines and those
with acute pancreatitis of undetermined cause were included. The presence of choledocholithiasis was
evaluated by MRCP and EUS, and then results were confirmed by endoscopic retrograde cholangiopan-
creatography (ERCP). The sensitivity and specificity of EUS and MRCP were compared regarding the
presence of stones, the size, and the number of detected stones.

Research results

Ninety out of 100 involved patients had choledocholithiasis, while ten patients were excluded as they
had pancreatic or gall bladder masses during EUS examination. In choledocholithiasis patients, the
mean age was 52.37 + 14.64 years, and 52.2% were males. Most patients had biliary obstruction (74.4%),
while only 23 (25.6%) patients had unexplained pancreatitis. The overall prevalence of choledocho-
lithiasis was 83.3% by EUS, 41.1% by MRCP, and 74.4% by ERCP. Also, the number and size of CBD
stones could be detected accurately in 78.2% and 75.6% by EUS and 41.1% and 70.3% by MRCP,
respectively. The sensitivity of EUS was higher than that of MRCP (98.51% vs 55.22%), and their
predictive value was statistically different (P < 0.001). Combination of both tools raised the sensitivity to
97.22% and specificity to 100%.

Research conclusions

EUS could be a useful tool in assessing patients with suspected choledocholithiasis especially if
combined with MRCP. However, its usefulness depends on its availability and the experience of the
local centers.

Research perspectives
EUS could be a good first option for evaluating patients with an intermediate probability of choledocho-
lithiasis when it is available with good experience. Combining EUS with MRCP is recommended for
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accurate evaluation of patients with an intermediate probability of choledocholithiasis if both are
available.
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