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Abstract 

Background/aims:  We prospectively evaluated the role of endoscopic ultrasound (EUS) in detecting the cause of 
common bile duct (CBD) dilatation in patients in whom trans-abdominal ultrasound (TUS) could not demonstrate the 
cause of dilation as a proper second step in the diagnostic workup of patients with obstructive jaundice compared to 
magnetic resonance cholangiopancreatography (MRCP).

Methods:  This study was conducted on patients with obstructive jaundice admitted to the inpatient ward or the 
outpatient endoscopy unit of Theodor Bilharz Research Institute (TBRI) during the period between January 2019 and 
August 2019. A patient with obstructive jaundice and TUS showed CBD dilatation with internal diameter ≥ 7 mm and 
biliary stricture.

Results:  During the period between January 2019 and August 2019, 136 were recruited; 8 patients who were preg-
nant and 3 patients who had gastric bypass surgery were excluded. Sixty-five patients were diagnosed confidently by 
TUS as biliary stones and were excluded from the analysis. Sixty patients with obstructive jaundice and indefinite etiol-
ogy on TUS were included in the final analysis. The final diagnosis of patients was 38 patients (63.33%) of malignant 
etiology [26 pancreatic cancer (43.33%), 4 cholangiocarcinoma (6.66%), and 8 with ampullary cancer (13.33%)] and 22 
patients (36.67%) of benign etiology [10 calcular obstruction (16.66%), 8 benign stricture (13.33%), and 4 pancreatitis 
(6.66%)]. The sensitivity and specificity values for malignant stricture detected by EUS were 100% and 86.36%, respec-
tively, with positive predictive value of 92.68%, negative predictive value of 100%, and accuracy of 95%, while MRI 
showed 82.14% sensitivity and 25% specificity with positive predictive value of 79.31 and accuracy of 69.4%. EUS sup-
ported correct diagnosis in 57 patients (95%: CI 86.08 to 98.96%) while MRI did it in 36 patients (69.44%: CI 51.89% to 
83.65%).Only 43 (71.7%) patients needed endoscopic retrograde cholangiopancreatography (ERCP) for management 
of obstructive jaundice, sparing 17 patients (28.3%) unnecessary invasive procedures.

Conclusions:  EUS is a minimally invasive method with low incidence of complications with high diagnostic accuracy 
in patients with dilated CBD and normal MRCP.
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Introduction
Obstructive jaundice is a common daily practice prob-
lem that indicates blockage in the pathway between the 
intrahepatic conjugation site of bile and its entry site 
into the duodenum through the ampulla of Vater [1]. The 
obstruction could be intrahepatic, at the biochemical, 
cellular, or canalicular level, or extrahepatic in the bile 
ducts. Surgical jaundice refers to the extrahepatic causes 
of obstructions. While laboratory tests confirm the pres-
ence of cholestasis, the imaging studies of the biliary tree 
are pivotal in determining the site of obstruction and its 
cause [1].

The conventional trans-abdominal ultrasound (TAU) 
is the first step in the diagnostic workup of patients with 
obstructive jaundice. Ultrasound could detect dilatation 
of the intrahepatic or extrahepatic biliary tree in 85–95% 
of patients with proven obstruction, although the defini-
tive etiology could be achieved in only about one third of 
patients [2].

Meanwhile, other cross-sectional imaging like multi-
detector computed tomography MDCT [3] and mag-
netic resonance cholangiopancreatography MRCP [4] 
contributed to accurate classification of patients with 
obstructive jaundice. Although non-invasive, CT involves 
exposure to radiation and contrast and has low sensitivity 
in detecting biliary diseases. Moreover, MRCP mandates 
the use of contrast and incapable of providing a histologi-
cal diagnosis [5].

Endoscopic ultrasound has proven high sensitivities 
of up to 97% in the detection of CBD stones [6]. EUS is 
also accurate in diagnosing the cause of obstruction [7] 
in cases of stricture, neoplasm, and other extra-ductal 
causes of obstruction relating to the ampulla and head 
of pancreas. EUS is considered a safe and useful tech-
nique for selecting patients for therapeutic ERCP, allow-
ing many patients to avoid the potential complications of 
ERCP of doubtful indication [8].

Despite advances in MRCP technology that improved 
the diagnosis of biliary abnormalities, it is not uncommon 

to face cases with dilated common bile duct (CBD) with-
out obvious cause on MRCP [5, 9]. Therefore, we pro-
spectively evaluated the role of EUS in detecting the 
cause of CBD dilatation in patients in whom TUS could 
not demonstrate the cause of dilation as a proper second 
step in the diagnostic workup of patients with obstructive 
jaundice compared to MRCP.

Patients and methods
Study design
This is a prospective observational study.

Patients
This study was conducted on patients with obstructive 
jaundice admitted to the inpatient ward or the outpa-
tient endoscopy unit of Theodor Bilharz Research Insti-
tute (TBRI) during the period between January 2019 and 
August 2019.

Inclusion criteria
Patients with obstructive jaundice and abdominal US 
showed CBD dilatation with internal diameter ≥ 7 mm 
and biliary stricture.

Exclusion criteria
The exclusion criteria are patients with history of surgery 
with gastroenteric anastomosis (Roux-en-Y gastrojeju-
nostomy or Whipple’s procedure), which might interfere 
with a successful EUS and ERCP procedure, pregnant 
female, patients with coagulopathy, or those who failed to 
sign the informed consent were excluded from the study.

All patients underwent abdominal US, MRI, and EUS, 
with ERCP and/or EUS-FNA for identification of the 
final diagnosis of obstructive jaundice.

All patients were subjected to full history taking, clini-
cal examination, and laboratory investigations before 
endoscopic procedure including complete blood count by 
(Quintus five parts differential, Sweden), coagulation pro-
file (prothrombin time (PT), international normalization 

Highlights 

Dilatation of the common bile duct (CBD) can be caused by diverse etiologies either benign or malignant. Trans-
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ratio (INR), partial thromboplastin time (PTT) by Stago 
STA compact max, France, liver function tests (LFTs) 
by Cobas 8000 auto-analysis, Japan, and kidney func-
tion tests and electrolytes [blood urea nitrogen (BUN), 
serum creatinine, sodium (Na), potassium (K), and CRP 
(C-reactive protein)].

•	 Abdominal ultrasound (HITASHI Avius, Curvilinear 
probe 2–5 MHZ, Japan) to measure diameter of CBD 
and detect IHBRDs, EHBRDs, gall bladder, and pan-
creas if visualized and detection of the cause if seen

•	 MRCP (Siemens, Germany) to confirm biliary 
obstruction and detect the cause and to compare 
with EUS performance

•	 EUS was performed with Linear EUS EG-3870UTK 
Ultrasound video Endoscopy, PENTAX (3.8), Japan, 
sedated with propofol. Operators were blinded to the 
MRCP results

•	 ERCP for relief of biliary obstruction (Pentax ED 
3485 T)

•	 Tissue diagnosis was done using EUS-fine needle 
aspiration (FNA) (EUS FNA19, 22, Gauge, USA) and 
biopsy core in case of suspected malignancies of pan-
creatic head, ampulla of Vater, and distal biliary duct 
lesions to prove the final diagnosis.

Statistical analysis
Statistical analysis was performed with the SPSS® soft-
ware package (IBM® SPSS® Statistics release 25.0, USA). 
For nonparametric data, median and IQR were used for 
a better description. Wilcoxon test was used for paired 
ordinal data, and diagnostic performance test was done 
for used modalities to get each sensitivity and specificity 
percentage.

Ethical considerations
The study protocol was approved by the Hospital Ethics 
Committee. All patients gave a written informed consent 
for participating in the study and for performing all rel-
evant interventions. The study protocol was adherent to 
practice guidelines and Declaration of Helsinki.

Results
During the period between January 2019 and August 
2019, 136 were recruited; 8 who were pregnant and 3 
patients who had gastric bypass surgery were excluded. 
Sixty-five patients were diagnosed confidently by TAU as 
biliary stones and were excluded from the analysis. Sixty 
patients with obstructive jaundice and indefinite etiology 
on TUS were included in the final analysis.

The mean age of the patients was 58 years old with a 
total number of males being 38 patients (63.3%) and the 
total number of females being 22 (36.7%).

The baseline demographic data and laboratory investi-
gations of patients are demonstrated in Table 1.

The final diagnosis of patients was 38 patients (63.33%) 
of malignant etiology [26 cases with pancreatic can-
cer (43.33%), 4 cases with cholangiocarcinoma (6.66%), 
and 8 cases with ampullary cancer (13.33%)] and 22 
patients (36.67%) of benign etiology [10 cases with cal-
cular obstruction (16.66%), 8 cases with benign stricture 
(13.33%), and 4 cases with pancreatitis (6.66%)] (Table 2).

As regards patients with malignant OJ, the total num-
ber of enlarged pancreas showed by US was 32 (84.2%), 
while by EUS, it was 9 (28.1%) (most cases were shown 
by US as enlarged pancreas and were shown to be mass 
by EUS). The total number of pancreatic mass showed by 
EUS was 29 (73.7%).

Comparative data of EUS diagnosis and final diagnosis
The total number of the patients with malignant obstruc-
tion detected by EUS was 41 patients (63.8%), while in 
the final diagnosis of malignant obstruction, it was 38 
patients (63.3%) (three cases were shown by EUS to be 
malignant obstruction, but pathology showed them 
benign; one case was ampullary adenocarcinoma by EUS; 
pathology revealed adenoma; 2 cases were shown as 

Table 1  The baseline demographic data and laboratory 
investigations of patients

Variable Patients (n = 60)

Age years, mean (SD) 58.01 (11.44)

Sex, male/female n (%) 38/22 (63.3%: 36.7%)

T. bilirubin mg/dL, median (IQR) 9.00 (6–12)

D. bilirubin mg/dL, median (IQR) 5.50 (3.23–7.30)

ALP U/l, median (IQR) 301.00 (246.25–452.25)

AST IU/L, median (IQR) 46.50 (39.25–84.00)

ALT IU/L, median (IQR) 53.00 (35.00–102.50)

INR, median (IQR) 1.10 (1.00–1.19)

Table 2  Final diagnosis of patients in the study sample

N %

Malignant Pancreatic cancer 26 43.33 38 (63.33%)

Cholangiocarcinoma 4 6.67

Ampullary adenocarcinoma 8 13.33

Benign Benign obstruction 8 13.33 22 (36.67%)

Biliary stone obstruction 10 16.67

Pancreatitis 4 6.67
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pancreatic cancer, and pathology revealed chronic pan-
creatitis). EUS successfully detected all patients with pan-
creatitis, cholelithiasis, and benign strictures.

The sensitivity and specificity values for malignant 
stricture detected by EUS were 100% and 86.36%, respec-
tively, with positive predictive value of 92.68%, negative 
predictive value of 100%, and accuracy of 95%, while 
it showed 100% sensitivity, specificity, and accuracy in 
benign etiologies (Table 3).

Comparative data of MRI diagnosis and final diagnosis
The total number of malignant obstructions showed by 
MRI was 29 patients (48.33%), while in the final diagno-
sis of malignant obstructions, it was 38 patients (63.3%). 
The total number of pancreatitis showed by MRI was 
1 patient (1.6%), while in the final diagnosis, it was 4 
patients (6.66%). The total number of calcular obstruc-
tion showed by MRI was 2 patients (3.33%), while in the 
final diagnosis, it was 10 patients (16.66%); the total num-
ber of benign obstructions was 4 patients (6.66%), while 
in the final diagnosis, it was 8 (13.33%).

The sensitivity and specificity values for malignant 
stricture detected by MRI were 82.14% and 25% respec-
tively with positive predictive value of 79.31 and accuracy 
of 69.4%. On the other hand, for benign etiologies, MRI 
showed 33.33% sensitivity and 96.97% specificity with 
positive predictive value of 50% and accuracy of 91.67% 
(Table 3).

In our study, EUS supports correct diagnosis in 57 
patients (95%: CI 86.08% to 98.96%), while MRI did it in 
36 patients (69.44%: CI 51.89% to 83.65%).

Only 43 (71.7%) patients needed ERCP for manage-
ment of obstructive jaundice, sparing 17 patients (28.3%) 
unnecessary invasive procedures.

Discussion
Dilatation of CBD can be caused by diverse etiologies 
either benign like choledochocholithiasis, CBD stricture, 
and papillary stenosis or malignant like cholangiocar-
cinoma and pancreatic head mass [10]. TUS, in skilled 
hands, can diagnose biliary obstruction via demonstra-
tion of biliary dilation. TUS may potentially identify the 
pancreatic mass or hepatic metastases as well as allow-
ing needle biopsy of these lesions [11]. However, it has a 

relatively poor sensitivity for the detection of pancreatic 
neoplasms compared with other techniques [12].

Both EUS and MRCP are excellent modalities with 
comparative accuracy for evaluation of pancreaticobiliary 
disorders. Multiple studies have shown high diagnostic 
performance of them with no significant difference in the 
diagnostic yield [13, 14]. On the other hand, some dem-
onstrated that the diagnostic yield of MRCP decreases in 
the presence of dilated CBD and small CBD stones [15]. 
Therefore, in these situations, EUS has a favorable diag-
nostic yield. So, we prospectively evaluated the role of 
EUS in patients with dilated CBD and inconclusive TUS.

In the present study, TUS successfully identified 
patients with cholelithiasis but failed to diagnose 60 
patients with dilated CBD. Moreover, most of patients 
with bulky pancreas on TUS revealed to be definite pan-
creatic mass on further EUS evaluation.

This was in accordance with Songür et  al. [16] who 
investigated 90 patients with dilated CBD of unex-
plained cause on US with EUS, and correct diagnosis was 
achieved in 92% cases with EUS.

Surinder et al. [17] retrospectively analyzed 40 patients 
with dilated CBD on MRCP without obvious etiol-
ogy referred for further evaluation by EUS. The EUS 
diagnosis was CBD stones in 15 (37.5%), with largest 
size of CBD stone being 9 mm, mass in CBD in 2 (5%), 
benign biliary stricture in 2 (5%), and biliary stricture 
with underlying chronic pancreatitis in 1 (2.5%) patient 
respectively. EUS examination revealed normal CBD in 
20 (50%) patients, and two of these patients had periamp-
ullary diverticulum.

In our study, the sensitivity and specificity value for 
malignant obstruction detected by EUS was 100% and 
86.36%, respectively, with positive predictive value of 
92.68%, negative predictive value of 100%, and over-
all accuracy of 95%. This was in agreement with Chen 
et al. study, in which the sensitivity and specificity value 
for malignant obstruction detected by EUS was 97.5% 
and 97.6%, respectively, with positive predictive value 
of 95.1%, negative predictive value of 98.8%, and overall 
accuracy of 92.9% [18].

Also, Maluf-Filho et  al. [19] showed that the sensitiv-
ity and specificity value for malignant stricture detected 
by EUS were 96.6% and 90.6%, respectively, with positive 

Table 3  Comparative data regarding sensitivity, specificity of MRI and EUS diagnosis for malignant, inflammatory, benign, and calcular 
obstruction

Malignant stricture Inflammatory process Benign stricture Calcular obstruction

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

MRI diagnosis 82.14% 25% 0.00% 96.90% 0.00% 0.00% 33.30% 96.90%

EUS diagnosis 100% 86.30% 85.71% 100% 50% 100% 100% 100%
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predictive value of 90.3%, negative predictive value of 
96.7, and accuracy of 93.4%, while Thomas Rösch et  al. 
[20] showed that the sensitivity and specificity for diag-
nosis of malignancy in the 50 patients were as follows: 
85%/75% for ERCP/PTC, 85%/71% for MRCP, 77%/63% 
for CT, and 79%/62% for EUS.

Moreover, in Hauke et  al. [21] who compared differ-
ent diagnostic tools for detecting bile duct malignancy, it 
has accuracy rates of 91% (ERCP/IDUS), 59% (ETP), 92% 
(IDUS + ETP), 74% (EUS), and 73% (CT), respectively.

In our study, the sensitivity and specificity values for 
benign strictures detected by EUS were 100% and 98.4%, 
respectively, with positive predictive value of 90%, nega-
tive predictive value of 100%, and accuracy of 98.33%. 
This was in agreement with Chen et  al. [18] who found 
that the sensitivity and specificity value for calcular 
obstruction detected by EUS was 92.9% and 97.7%, 
respectively, with positive predictive value of 92.9% and 
negative predictive value of 97.9% and overall accuracy 
of 92.9%. Also, the overall accuracy of EUS was 100% for 
benign obstruction.

Alhawarey et  al. [22] demonstrated that EUS, as 
diagnostic tool, has sensitivity, specificity, PPV, NPV, 
and accuracy of 100%, 92.8%, 93.7%, 100%, and 96.5% 
respectively.

Also, in Meeralam et al. [23] meta-analysis of the diag-
nostic accuracy of EUS compared with MRCP in detect-
ing choledocholithiasis, the overall diagnostic odds ratio 
of EUS was significantly higher than the one with MRCP 
(162.5 vs. 79.0, respectively; P = .008).

In our study, the sensitivity and specificity values for 
malignant stricture detected by MRI were 82.14% and 
25% respectively with positive predictive value 7of 9.31 
and accuracy of 69.4%. On the other hand, for benign 
etiologies, MRI showed 33.33% sensitivity and 96.97% 
specificity with positive predictive value of 50% and accu-
racy of 91.67%. EUS supported correct diagnosis in 57 
patients (95%: CI 86.08% to 98.96%), while MRI did it in 
36 patients (69.44%: CI 51.89% to 83.65%). This was in 
line with Songür et al. [16] who investigated 90 patients 
with dilated CBD of unexplained cause on US by EUS, 
and correct diagnosis was achieved in 83 cases with EUS. 
Maluf-Filho et  al. [19] EUS supported correct diagnos-
tic hypothesis for pancreatobiliary malignancy in 40:46 
patients (87.0%; CI 77.2–96.7), while CT did in 31:36 
patients (67.4%; CI 53.8–80.9).

In our cohort, only 43 (71.7%) patients needed 
ERCP for management of obstructive jaundice, spar-
ing 17 patients (28.3%) unnecessary invasive pro-
cedures. This was in line with Patel et  al. [24] study 
where EUS ruled out choledocholithiasis in 38 
patients (48.7%). Two of them were found to have 

choledocholithiasis on follow-up. The sensitivity, 
specificity, and positive and negative predictive value 
of EUS for detecting choledocholithiasis were 93.9%, 
97.3%, 96.9%, and 94.7%, respectively. Unnecessary 
ERCP was avoided in 57.7% of the patients by using 
the EUS-first approach.

Our study has its own limitations. This is a single-
center experience, but it has the privilege of prospec-
tive evaluation of patients. So, multicenter studies with 
cost effective analysis are recommended. We believe 
that the malignant life-threatening etiologies of bil-
iary obstruction should not be missed; it is of utmost 
importance that those who do not have a pathologic 
cause of biliary dilatation are not subjected to unneces-
sary invasive/semi-invasive evaluation.

In conclusion, EUS is a minimally invasive method 
with low incidence of complications with high diagnostic 
accuracy in patients with dilated CBD and normal MRCP.

Acknowledgements
The authors would thank all colleagues who helped in conducting this study.

Current knowledge
1- Dilated common bile duct (CBD) without obvious cause is a not uncom-
mon finding on TU.
2- Endoscopic ultrasound (EUS) provides important diagnostic tool concern-
ing the biliary anatomy and also provides an opportunity to sample the 
tissue/lesion thereby providing a histological diagnosis.

New
EUS is an important diagnostic modality that can help establish the diagnosis 
in patients with dilated CBD and inconclusive MRCP.

Authors’ contributions
All authors equally contributed to this research work. All authors have read 
and approved the manuscript.

Funding
None

Availability of data and materials
The data that support the findings of this study are available from the 
corresponding author, but restrictions apply to the availability of these 
data, which were used under license for the current study, and so are 
not publicly available. Data are however available from the authors upon 
reasonable request.

Declarations

Ethics approval and consent to participate
All patients who participated in the present study signed an informed consent 
form. The study protocol was approved by the Ethics Committee of the Fac-
ulty of Medicine, Ain-Shams University, Egypt, and is in accordance with the 
Helsinki Declaration of 1975.

Consent for publication
Written informed consents were obtained from patients. Patients involved in 
this study agree for publication of data.

Competing interests
The authors declare that they have no competing interests.



Page 6 of 6Abou Bakr et al. Egyptian Liver Journal           (2022) 12:16 

Author details
1 Internal Medicine Department, Gastroenterology and Hepatology Unit, 
Ain Shams, Cairo, Egypt. 2 Theodor Bilharz Research Institute, Giza, Egypt. 
3 Hepatology, Gastroenterology and Infectious Diseases Department, Faculty 
of Medicine, Kafrelsheikh University, Kafrelsheikh, Egypt. 

Received: 14 October 2021   Accepted: 5 February 2022

References
	1.	 Smith JA (2011) Gallbladder and biliary tree. Clinical Ultrasound (Third 

Edition). Elsevier:227–272
	2.	 Haubek A, Pedersen JH, Burcharth F, Gammelgaard J, Hancke S, Wil-

lumsen L (1981) Dynamic sonography in the evaluation of jaundice. 
American Journal of Roentgenology. 136(6):1071–1074. https://​doi.​org/​
10.​2214/​ajr.​136.6.​1071

	3.	 Mathew RP, Moorkath A, Basti RS, Suresh HB (2016) Value and Accuracy 
of multidetector computed tomography in obstructive jaundice. Polish 
journal of radiology. 81:303–309. https://​doi.​org/​10.​12659/​pjr.​896680

	4.	 Aggag MF, Shehata MSAA, Badawy ZESES (2019) Role of magnetic reso-
nance cholangiopancreatography in evaluation of biliary obstruction. The 
Egyptian. Journal of Hospital Medicine. 74(3):550–557. https://​doi.​org/​10.​
12816/​ejhm.​2019.​23541

	5.	 Rana SS, Bhasin DK, Sharma V, Rao C, Gupta R, Singh K (2013) Role of 
endoscopic ultrasound in evaluation of unexplained common bile duct 
dilatation on magnetic resonance cholangiopancreatography. Ann 
Gastroenterol. 26(1):66–70

	6.	 Ney MVS, Maluf-Filho F, Sakai P, Zilberstein B, Gama-Rodrigues J, Rosa H 
(2005) Endoscopic ultrasound versus endoscopic retrograde cholan-
giography for the diagnosis of choledocholithiasis: the influence of the 
size of the stone and diameter of the common bile duct. Arquivos de 
Gastroenterologia. 42:239–243

	7.	 Garrow D, Miller S, Sinha D, Conway J, Hoffman BJ, Hawes RH, et al. 
Endoscopic ultrasound: a meta-analysis of test performance in sus-
pected biliary obstruction. Clinical Gastroenterology and Hepatology. 
2007;5(5):616-623. e1.

	8.	 Zaheer A, Anwar MM, Donohoe C, O’Keeffe S, Mushtaq H, Kelleher B et al 
(2013) The diagnostic accuracy of endoscopic ultrasound in suspected 
biliary obstruction and its impact on endoscopic retrograde cholangio-
pancreatography burden in real clinical practice: a consecutive analysis. 
European journal of gastroenterology & hepatology. 25(7):850–857. 
https://​doi.​org/​10.​1097/​MEG.​0b013​e3283​5ee5d0

	9.	 Holm AN, Gerke H (2010) What should be done with a dilated bile duct? 
Current Gastroenterology Reports. 12(2):150–156. https://​doi.​org/​10.​
1007/​s11894-​010-​0094-3

	10.	 Holm AN, Gerke H (2010) What should be done with a dilated bile 
duct? Curr Gastroenterol Rep. 12(2):150–156. https://​doi.​org/​10.​1007/​
s11894-​010-​0094-3

	11.	 Mallery JS, Centeno BA, Hahn PF, Chang Y, Warshaw AL, Brugge WR (2002) 
Pancreatic tissue sampling guided by EUS, CT/US, and surgery: a com-
parison of sensitivity and specificity. Gastrointest Endosc. 56(2):218–224. 
https://​doi.​org/​10.​1016/​s0016-​5107(02)​70181-8

	12.	 Freeny PC (2001) Pancreatic carcinoma: what is the best imaging test? 
Pancreatology : official journal of the International Association of Pan-
creatology (IAP). [et al]. 1(6):604–609. https://​doi.​org/​10.​1159/​00005​5870

	13.	 Fernández-Esparrach G, Ginès A, Sánchez M, Pagés M, Pellisé M, 
Fernández-Cruz L et al (2007) Comparison of endoscopic ultrasonogra-
phy and magnetic resonance cholangiopancreatography in the diagnosis 
of pancreatobiliary diseases: a prospective study. The American journal of 
gastroenterology. 102(8):1632–1639. https://​doi.​org/​10.​1111/j.​1572-​0241.​
2007.​01333.x

	14.	 Rösch T, Meining A, Frühmorgen S, Zillinger C, Schusdziarra V, Hellerhoff K 
et al (2002) A prospective comparison of the diagnostic accuracy of ERCP, 
MRCP, CT, and EUS in biliary strictures. Gastrointest Endosc. 55(7):870–
876. https://​doi.​org/​10.​1067/​mge.​2002.​124206

	15.	 Moon JH, Cho YD, Cha SW, Cheon YK, Ahn HC, Kim YS et al (2005) The 
detection of bile duct stones in suspected biliary pancreatitis: com-
parison of MRCP, ERCP, and intraductal US. The American journal of 

gastroenterology. 100(5):1051–1057. https://​doi.​org/​10.​1111/j.​1572-​0241.​
2005.​41057.x

	16.	 Songür Y, Temuçin G, Sahin B (2001) Endoscopic ultrasonography in the 
evaluation of dilated common bile duct. J Clin Gastroenterol. 33(4):302–
305. https://​doi.​org/​10.​1097/​00004​836-​20011​0000-​00009

	17.	 Rana SS, Bhasin DK, Sharma V, Rao C, Gupta R, Singh K (2013) Role of 
endoscopic ultrasound in evaluation of unexplained common bile duct 
dilatation on magnetic resonance cholangiopancreatography. Ann 
Gastroenterol. 26(1):66–70

	18.	 Chen CH, Tseng LJ, Yang CC, Yeh YH, Mo LR (2001) The accuracy of endo-
scopic ultrasound, endoscopic retrograde cholangiopancreatography, 
computed tomography, and transabdominal ultrasound in the detection 
and staging of primary ampullary tumors. Hepatogastroenterology. 
48(42):1750–1753

	19.	 Maluf-Filho F, Sakai P, Cunha JEM, Garrido T, Rocha M, Machado MCC, 
et al. Radial endoscopic ultrasound and spiral computed tomography 
in the diagnosis and staging of periampullary tumors. Pancreatology: 
official journal of the International Association of Pancreatology (IAP) [et 
al]. 2004;4(2):122-8. doi: https://​doi.​org/​10.​1159/​00007​8150.

	20.	 Rösch T, Meining A, Frühmorgen S, Zillinger C, Schusdziarra V, Hellerhoff 
K et al (2002) A prospective comparison of the diagnostic accuracy of 
ERCP, MRCP, CT, and EUS in biliary strictures. Gastrointestinal Endoscopy. 
55(7):870–876. https://​doi.​org/​10.​1067/​mge.​2002.​124206

	21.	 Heinzow HS, Kammerer S, Rammes C, Wessling J, Domagk D, Meister 
T (2014) Comparative analysis of ERCP, IDUS, EUS and CT in predicting 
malignant bile duct strictures. World J Gastroenterol. 20(30):10495–10503. 
https://​doi.​org/​10.​3748/​wjg.​v20.​i30.​10495

	22.	 Alhawarey AI, Hatem E, Gamal S, Hussein O, Mahmoud E-b (2020) The 
role of endoscopic ultrasound in patients with choledocholithiasis: a pilot 
study. Medical. Journal of Viral Hepatitis. 4.2(2):81–86. https://​doi.​org/​10.​
21608/​mjvh.​2020.​80662

	23.	 Meeralam Y, Al-Shammari K, Yaghoobi M (2017) Diagnostic accuracy of 
EUS compared with MRCP in detecting choledocholithiasis: a meta-anal-
ysis of diagnostic test accuracy in head-to-head studies. Gastrointestinal 
Endoscopy. 86(6):986–993. https://​doi.​org/​10.​1016/j.​gie.​2017.​06.​009

	24.	 Patel R, Ingle M, Choksi D, Poddar P, Pandey V, Sawant P (2017) Endo-
scopic ultrasonography can prevent unnecessary diagnostic endoscopic 
retrograde cholangiopancreatography even in patients with high likeli-
hood of choledocholithiasis and inconclusive ultrasonography: Results of 
a Prospective Study. Clinical endoscopy. 50(6):592–597. https://​doi.​org/​
10.​5946/​ce.​2017.​010

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.2214/ajr.136.6.1071
https://doi.org/10.2214/ajr.136.6.1071
https://doi.org/10.12659/pjr.896680
https://doi.org/10.12816/ejhm.2019.23541
https://doi.org/10.12816/ejhm.2019.23541
https://doi.org/10.1097/MEG.0b013e32835ee5d0
https://doi.org/10.1007/s11894-010-0094-3
https://doi.org/10.1007/s11894-010-0094-3
https://doi.org/10.1007/s11894-010-0094-3
https://doi.org/10.1007/s11894-010-0094-3
https://doi.org/10.1016/s0016-5107(02)70181-8
https://doi.org/10.1159/000055870
https://doi.org/10.1111/j.1572-0241.2007.01333.x
https://doi.org/10.1111/j.1572-0241.2007.01333.x
https://doi.org/10.1067/mge.2002.124206
https://doi.org/10.1111/j.1572-0241.2005.41057.x
https://doi.org/10.1111/j.1572-0241.2005.41057.x
https://doi.org/10.1097/00004836-200110000-00009
https://doi.org/10.1159/000078150
https://doi.org/10.1067/mge.2002.124206
https://doi.org/10.3748/wjg.v20.i30.10495
https://doi.org/10.21608/mjvh.2020.80662
https://doi.org/10.21608/mjvh.2020.80662
https://doi.org/10.1016/j.gie.2017.06.009
https://doi.org/10.5946/ce.2017.010
https://doi.org/10.5946/ce.2017.010

	Diagnostic accuracy of endoscopic ultrasound in evaluation of patients with obstructive jaundice: single-center experience
	Abstract 
	Backgroundaims: 
	Methods: 
	Results: 
	Conclusions: 

	Highlights 
	Introduction
	Patients and methods
	Study design
	Patients
	Inclusion criteria
	Exclusion criteria
	Statistical analysis
	Ethical considerations

	Results
	Comparative data of EUS diagnosis and final diagnosis
	Comparative data of MRI diagnosis and final diagnosis

	Discussion
	Acknowledgements
	References


