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Abstract: Background and study aim. Endoscopic 
ultrasound (EUS) is a diagnostic modality that continues 
to expand its clinical applications. The aim of this study 
is to evaluate the diagnostic role of EUS in common 
bile duct stones. Patients and methods: This study was 
carried on 29 patients with suspected CBD stones from 
them only 15 patients were diagnosed as Common Bile 
Duct stone(s). Endoscopic retrograde cholangiopancre-
atography (ERCP) is considered as gold standard for 
diagnosis of CBD stones and compare EUS findings 
with that of ERCP. Results: The diagnostic performance 
of EUS shows that the sensitivity, specificity, PPV, NPV 
and accuracy of 100%, 92.8%, 93.7%, 100% and 96.5% 
respectively. It can catch 15 true positive cases with 
only one false positive case and 13 of 14 true negative 
cases. EUS is considered as a minimally invasive 
method with low incidence of complications, allowing 
exact determination of the site and size of stones. So 
EUS aid in better planning for CBD stone removal. 
Conclusion: EUS is considered as a minimally invasive 
method with low incidence of complications, allowing 
exact determination of the site and size of stones with 
good diagnostic performance. 
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Introduction  
Choledocholithiasis occurs in 15% to 20% of patients 
with symptomatic cholelithiasis. The incidence of 
bile duct stones increases with age; up to 25% of 
the elderly have calculi in the bile duct at the time of 
cholecystectomy1. Appropriate management depends 
upon the identification of patients who would benefit 
from surgery or a therapeutic intervention. The goal 
of any diagnostic procedure is to confirm the presence 
of biliary obstruction by detecting biliary dilatation, 
its exact location2. A number of imaging modalities 
are available for the evaluation of choledocholith-
iasis. Current technologies include trans abdominal 
ultrasound (US), Computed Tomography (CT), 
Endoscopic Retrograde Cholangiopancreatography 
(ERCP), Endoscopic Ultrasound (EUS), and Mag-
netic Resonance Cholangiopancreatography (MR 
CP)3. Usually abdominal Ultrasound is the initial 
imaging test which can demonstrate choledochol-
ithiasis with the advantages of being noninvasive, 

portable, and less expensive than other imaging 
studies. Disadvantages include dependence on the 
skill of the operator for the procedure and potential 
technical difficulty in obese patients or patients 
with excessive bowel gas that overlies some organs  
like the pancreas  and distal common bile duct4. CT 
scans are being used more frequently and perf-
ormed rapidly, is equipped in most centers, has 
relatively low cost, and gives information on 
presence of  CBD stones5. ERCP is widely used in 
the diagnosis and treatment of biliary and pancreatic 
disorders6. Getting directly into the common bile 
duct (CBD) is the most important step for successful 
procedure. The cannulation success rate depends 
on patient selection, the utilization of specialized 
catheters, and the skill and experience of the 
endoscopist. ERCP has long been considered the 
best diagnostic method for common bile duct (CBD) 
stones. Moreover, it allows stone removal during the 
same endoscopic session when combined with end-
oscopic sphincterotomy7. ERCP has a complication 
rate of 5% to 10% with a current mortality rate of 
less than 1%8. Long-term complications, such as 
stenosis and non-obstructive cholangitis, occur in 
approximately 10% of patients because of loss of 
biliary sphincter function.  So ERCP would be 
reserved for patients with confirmed CBD stones 
as a therapeutic modality9. Endoscopic Ultrasound 
(EUS) is a less-invasive modality, by use of high-
frequency US that is brought close to the bile duct 
and pancreas, and has high accuracy for diagnosing 
biliary stones. So, it can determine exactly the site 
of the biliary obstruction in relation to the ampulla 
of Vater10. Endoscopic ultrasound (EUS) processes 
high-frequency sound waves to create ultrasound 
images. Echoendoscopes are able to image both 
intramural structures and structures adjacent to the 
GI tract11 EUS has the advantage of visualizing 
the biliary tree from within the duodenum without 
interference from abdominal gas or fat12. MRI has 
been used for different diagnostic modalities in the 
field of hepatgastroenterology whether medical or 
surgical13-15. MRCPs are performed with T2-weighted 
sequences that depict the biliary tract, as a high-
signal intensity or bright structure without the use 
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of contrast material, instrumentation or ionizing 
radiation. The high-signal intensity of the biliary 
tract noted at MRCP makes it well suited to the 
detection of common bile duct stones, which are seen 
as low-signal intensity filling defects surrounded 
by high-signal intensity bile16. 
 
 
Patients and Methods  
This study was conducted in the Tropical Medicine 
Department at El-Azhar University and Internal 
medicine department (Elebrashi Endoscopy Center) 
at Kasr Elaini Hospital, Cairo University during 
the period from June 2016 to January 2019. This 
study was carried on 29 patients with suspected 
CBD stones. Inclusion Criteria includes Elevated 
serum bilirubin (direct), dilated common bile duct 
with stone(s) which was detected by abdominal 
ultrasound and exclusion criteria include jaundice 
with normal biliary system (hepatocellular jaundice), 
Altered anatomy as history of gastrectomy or Roux-
en-Y anastomosis, and pregnancy All the selected 
cases were subjected to the following: history taking, 
general and local examination with laboratory inv-
estigations including complete blood count liver 
functions, creatinine, virological markers, amylase, 
lipase, prothrombn time and radiological examination 
was done using transabdominal Ultrasound (US), 

Endoscopic Ultrasound (EUS) and Endoscopic retr-
ograde Cholangiopancreatography (ERCP). EUS 
examination was carried out utilizing the oblique 
viewing linear Pentax video machine EG-3830 UT 
connected to a Hitachi sonography machine EUB-
7000 (Tokyo, Japan) The technique was performed 
according to the following steps After explaining 
indication, possible complication of the procedure 
informed consent was obtained providing opportunity 
for questions., Connecting the patient with pulse 
oximetry, oxygen saturation and blood pressure 
measurement devices, the patient lying in left 
lateral position, deep sedation by Propofol 1% IV 
under anesthesia specialist guidance, Tracing of 
CBD was done to image the entire course of the duct 
till its opening in the ampulla of Vater detecting any 
stones with characteristic posterior shadowing, 
fig. (1) shows the posterior shadowing of stone in 
Endoscopic Ultrasound. 
 
Statistical analysis  
Data are coded, processed and analyzes using SPSS 
version 16 (SPSS Inc., Chicago, IL). Categorical data 
are presented as number and percentage of total. 
While normally distributed continuous data are 
expressed as mean and standard deviation. Non-
normally distributed data are presented as median 
(minimum and maximum).  

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. A case of large common bile duct stone by Endoscopic Ultrasound (EUS) a. large CBD stone, 

b. CBD stone with posterior shadow (arrow). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. ERCP reveals dilated CBD with middle third stone 1.5 cm with dilated IHBR. 

a b 
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Results  
The twenty nine patients included in the study, 
their characteristics show that mean age was 53.2 
± 11.6 years (male/female 42/42). Smokers were 
21 (25%).  Mean BM was 27.48±4.81. Frequencies 
and percentage of most common symptoms were 
abdominal pain 69 (82.1%), pruritus 32 (38.1%), 
bleeding 4 (4.8%), and fever 6 (7.1%). Past history 
of gall bladder stones was 36 (42.9%), diabetes was 
9 (10.7%), hypertension was 6 (7.1%) and cholec-
ystectomy was 4 (4.8%). The laboratory finding in 

the examined patients was demonstrated in tab. (1). 
Only 15 patients were diagnosed as Common Bile 
Duct stone(s). ERCP is considered as gold standard 
for diagnosis of CBD stones and compare EUS 
findings with that of ECP. Table 2 summarizes the 
outcome of cases in the form true positive, true 
negative, false positive and false negative comparing 
the EUS outcomes. Table 3 shows the overall accu-
racy, sensitivity, specificity, positive predictive 
value and negative predictive value for EUS.  

 
Table 1. Laboratory finding in examined patients 

Variable Mean ± SD / Median (IQR) 
Hemoglobin (g/dL)l 11.5±1.2 
PLT /cmm3 222.6±73.8 
WBCs/cmm3 2.2 (5.7-7.9) 
Albumin (g/dL) 3.8±0.5 
Bilirubin  (mg/dL) 8.4 (1.9-25) 
ALT (IU/L) 32 (8-2080) 
AST (IU/L) 42.75 (24.25-67.0)  
Alkaline phosphatase IU/L 450 (55-1450) 
GGT U/L 507.5 (16-1620) 
INR 1.09 (0.9-3.55) 
Serum creatinine (mg/dL) 0.96± 0.2 
Amylase U/L 31.5 (12-3050) 
Lipase U/L 30.5 (10-2693) 
HCV (positive) N (%) 4 (4.8) 

PLT: Platelets; WBCs: White Blood Cells; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; 
GGT: Gamma Glutamyl Transpeptidase; INR: International Normalized Ratio; HCV: Hepatitis C Virus 
 
Table �. EUS, versus ERCP of stone  

ERCP 
EUS diagnosis 

Stone  (N=15) No stone (N=14) 
Total 

CBD Stone TP 15 FP 1 16 
No  CBD stone FN0 TN 13 13 

TP: true positive; TN: true negative; FP: false positive; FN: false negative. 
 
Table �. EUS performance in diagnosing stone. 

 Sensitivity % Specificity % PPV% NPV % Accuracy % 
EUS 100 92.8 93.7 100 96.5 

 
Discussion 
Choledocholithiasis is diagnosed mainly by ERCP 
which considered as gold standard diagnostic tool 
allowing view of instrumental removal of stone(s) 
either by ballon or Dormia basket so this is the best 
reference standard using ERCP, Endoscopic sphi-
ncterotomy (ET) and instrumental exploration of 
the CBD17. In our study, we found that EUS as 
diagnostic tool shows sensitivity, specificity, PPV, 
NPV and accuracy of 100%, 92.8%, 93.7%, 100% 
and 96.5% respectively. It can catch 15 true positive 
cases with only one false positive case and 13 of 
14 true negative cases. While a meta-analysis was 
done by Tse et al evaluating EUS performance in 
suspected choledocholithiasis has shown very good 
sensitivity (95%) and specificity (98%) for the detec- 

 
tion of CBDstones18. Aubertin et al evaluates the 
performance of EUS prior to laparoscopic cholecyst-
ectomy have found that the sensitivity, specificity, 
and positive and negative predictive values for EUS 
were 100%, 97%, 92%, and 100%, respectively19. 
In another study where EUS used pre-operatively; 
it can spare unnecessary ERCP with sensitivity of 
100%, Specificity 75% and NPV of 95%20. Whereas 
EUS can be used before ERCP in cases with clinical 
suspicion of CBD stones the accuracy was 94 %, 
sensitivity of 93 %, specificity of 93 %, a positive 
predictive value of 98 %, a negative predictive 
value of 87 %21. In prospective controlled study of 
endoscopic ultrasonography with suspected common 
bile duct lithiasis; the sensitivity of EUS was 93%, 
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specificity 97%, positive predictive value 98%, 
and negative predictive value 88% with five false-
negative cases and one false-positive22. The utiliz-
eation of EUS before ERCP as a first-line strategy 
compared with ERCP alone in cases with suspected 
of having CED stones was associated with potential 
advantages in cost-effectiveness of preventing inap-
propriate and more invasive evaluation of the bile 
duct. Moreover, associated with least mean costs 
in EUS based strategy23. In addition to that when 
using EUS and ERCP during the same endoscopic 
session versus EUS and ERCP in two separate ses-
sions for the management of choledocholithiasis 
showed that the average procedure time and days 
of hospitalization were significantly reduced in 
the first group, resulting in significant reductions 
in total costs. Ideally, EUS and ERCP should be 
combined in a single endoscopic session whenever 
possible to reduce risks of repeated sedation and to 
minimize costs24. Comparing with other diagnostic 
modalitiesm CT has been reported to have lower 
accuracy for the diagnosis of CBD stones than EUS 
which does not make CT the imaging technique of 
choice for patients with clinical suspicion of chol-
edocholithiasis25. The development of multi-detector 
computed tomography (MDCT) has shown promise 
in increasing the accuracy of CT in the diagnosis 
of CBD stones. A study showed that MDCT was 
comparable with MRCP or EUS for the detection 
of CBD stone with 87% sensitivity, 85% specificity, 
and 86% accuracy26. Nevertheless, the sensitivity 
of CT for detecting stones less than 5mm in size 
remains significantly lower than those larger than 
5mm27. This differentiation of size of stones into 
less than 5mm and more than 5mm is not demo-
nstrated in our study. In literatures; assessment of 
magnetic resonance cholangiopancreatography for 
non-invasive imaging of the biliary tree with test 
performance in choledocholithiasis is sensitivity, 
specificity, positive and negative predictive value 
for MRCP was 97.9%, 89%, 88.6% and 98.6% 
respectively28. However MRCP is a noninvasive, 
radiation-free imaging modality, its disadvantages 
include the limited spatial resolution, the difficulty 
of diagnosing CBD stones in the periampullary 
region, lack of availability in some areas, the need 
for operator's experience to interpret findings, and 
high cost29. Moreover MRCP is contraindicated in 
patients with metallic hardware such as pacemakers 
or cerebral aneurysm clips. Claustrophobic patients, 
estimated to represent 4% of the population often 
cannot complete the examination30. There are no 
statistically significant differences were found 
between EUS and MRCP in the diagnosis of CBD 
stones, but a trend toward higher sensitivity and 
specificity for EUS compared to MRCP was evident. 
Nevertheless, the choice between these two techn-
iques should depend on others factors such as 

resource availability, operator experience, and cost 
otherwise CT was inferior to them. MRCP can be 
utilized as an alternative when there are contraind-
ications to sedation or when EUS is not available. 
EUS should be the imaging examination of choice 
for the detection of CBD stones, because of its high 
sensitivity and specificity. EUS is as effective as 
ERCP for detecting CBD stones, and has fewer 
procedural risks and complications. However, has 
some disadvantages, including the high cost, for 
expertise in the procedure, and the lack of avai-
lability in some hospitals   
 
 
Conclusion 
EUS has very good diagnostic performance in 
cases of Choledocholithiasis with sensitivity and 
specificity of 100% and 92.8% respectively. EUS 
aids in better planning for CBD stone removal so 
the need for ERCP only for therapeutic intervention. 
Moreover EUS is considered as a minimally invasive 
method with low incidence of complications, allo-
wing exact determination of the site and size of 
stones. Nevertheless, resources, availability, operator 
experience, and cost limit widespread use of this 
modality.  
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