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Abstract 

Background The clinical management of patients experiencing recurrent abdominal pain resembling biliary-type, 
but with negative findings on conventional transabdominal ultrasound (TUS), poses a challenge. In recent years, 
endoscopic ultrasound (EUS) has emerged as a valuable tool for diagnosing gallbladder diseases. This study aims 
to assess the role of EUS in the evaluation of gallbladder and biliary system diseases specifically in patients with nor-
mal transabdominal ultrasonography results.

Methods This study was a cross-sectional analytic study that enrolled 150 patients with any complaints related 
to the gallbladder and biliary system necessitating transabdominal ultrasound and endosonography in the period 
between February 2021 and December 2021.

Results The mean age of the studied patients was 46.1 ± 10.3 years; 46.7% were males and 53.3% were females. 
The main complaint was right abdominal pain in 78.0%; meanwhile, 74.7% had a picture of obstructive jaundice. 
EUS revealed gallbladder wall thickening in 15 patients (10%), mud and/or small stones inside the gallbladder in 73 
patients (48.7%), positive GB mass and/or polyp findings in 30 patients (20%), and biliary lesions such as duct stric-
tures and/or dilatations were detected in 48 patients (32%), while transabdominal ultrasound was normal in all those 
patients.

Conclusion Endoscopic ultrasound (EUS) proves to be a valuable diagnostic modality in patients experiencing 
biliary-type abdominal pain, despite normal transabdominal ultrasonography results. It not only aids in the accurate 
diagnosis of underlying conditions but also has the potential to impact the management plan for these patients.
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Introduction
Gallbladder diseases are quite common, with chole-
lithiasis being the most frequently observed condition, 
impacting about 10–15% of adults. Other issues like gall-
bladder polyps are present in roughly 5% of the global 
population. The global occurrence of gallbladder cancer 
is relatively uncommon, with an estimated two cases per 
100,000 individuals [1].

Transabdominal ultrasonography (TUS) is often the 
initial imaging test in cases where choledocholithiasis, 
cholecystolithiasis, or biliary tree dilation is suspected. 
TUS is advantageous as it is non-invasive, easily acces-
sible, safe, radiation-free, and cost-effective. However, its 
effectiveness can vary based on the operator’s expertise, 
and while it visualizes the extrahepatic bile ducts in about 
60 to 80% of cases, it may not be entirely effective in all 
situations [2].

In contrast, endoscopic ultrasound (EUS) is consid-
ered superior to transabdominal ultrasonography for 
biliary system visualization. This superiority arises from 
EUS’s ability to approach the area of interest closely and 
capture higher-resolution images with higher ultrasound 
frequencies compared to conventional ultrasonogra-
phy. The improved image quality from EUS significantly 
enhances the accuracy and detail of the biliary system 
evaluation [3].

Endoscopic ultrasound (EUS) significantly aids in 
diagnosing gallbladder abnormalities, including poly-
poidal lesions and microlithiasis. It plays a key role in 
gallbladder carcinoma staging, offering high-resolution 
images that facilitate a thorough assessment of the gall-
bladder. When combined with fine needle aspiration, 
EUS contributes to obtaining histological diagnoses of 
gallbladder tumors and examining gallbladder thicken-
ing, boosting diagnostic accuracy and informing treat-
ment decisions [3].

While EUS shows cases of higher specificity and 
comparable sensitivity to transabdominal ultrasonogra-
phy (TUS) in diagnosing neoplastic lesions, using high-
frequency transabdominal ultrasound (ranging from 
2.5 to 7  MHz) minimizes the sensitivity difference. 
This approach delivers diagnostic efficacy on par with 
EUS, computed tomography (CT), or magnetic reso-
nance imaging (MRI) for detecting neoplastic lesions. 
Employing high-frequency transabdominal ultrasound 
offers imaging quality and accuracy akin to EUS, CT, or 
MRI [4].

EUS-guided fine-needle aspiration (FNA) signifi-
cantly improves the diagnostic yield for evaluating bil-
iary strictures while carrying minimal risk. By allowing 
direct sampling from the target area, this procedure 
enhances diagnostic accuracy and safety in assessing bil-
iary strictures. This study aimed to evaluate the role of 

endoscopic ultrasound in gallbladder and biliary system 
diseases in patients with normal transabdominal ultra-
sonography [5].

Materials and methods
This study was a cross-sectional analytic study enrolled 
150 patients referred to Kasr Alainy General Surgery, 
Internal Medicine, and emergency room (ER) units 
with any complaint related to the gallbladder and biliary 
system necessitating transabdominal ultrasound and 
endosonography in the period between February 2021 
and December 2021. All included patients were aged 
20–67 years old, both sexes were included. Normal gall-
bladder and biliary system USA in all patients. Those 
who refused to participate, had a bleeding tendency, or 
were contraindicated for anesthesia were excluded from 
the study. The study was approved by our institution’s 
Research Ethical Committee with the reference number: 
MS-88-2021, and all patients gave their informed written 
consent before inclusion in the study, according to the 
ethical guidelines of the 1975 Declaration of Helsinki.

All patients were subjected to thorough history tak-
ing and clinical examination including age, gender, body 
mass index (BMI), comorbid diseases (diabetes, hyper-
tension) family history, serum creatinine, bilirubin, alka-
line phosphatase, full blood picture, C-reactive protein 
(CRP), and international normalized ratio (INR) were 
measured.

Procedure steps

• Transabdominal sonography and endoscopic ultra-
sonography EUS were done on all included patients.

• Before starting

◦ All patients were fasting to avoid gallbladder con-
traction.
◦ The patient assumed the left lateral decubitus posi-
tion as this brings the gallbladder more into the mid-
line for the scan.

• Transabdominal sonography examination was car-
ried out utilizing a Hitachi sonography machine; the 
technique was performed according to the following 
steps: position the probe in the epigastric midline 
with the indicator facing the patient’s head then slide 
laterally (slowly) along the costal margin, toward the 
patient’s right, until clearly see the portal triad with 
complete evaluation of gallbladder.

• Endoscopic ultrasonography EUS examination was 
carried out utilizing the oblique viewing linear Pen-
tax (J-10) video machine connected to a Hitachi 
sonography machine.
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The technique was performed according to the fol-
lowing steps; connecting the patient with pulse oxime-
try, oxygen saturation, and blood pressure measurement 
devices, the patient lying in the left lateral position, 
and deep sedation by Propofol 1% IV under anesthe-
sia specialist guidance, and 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.

Statistical methods
Sample size estimation
To assess the role of EUS in the diagnosis of biliary sys-
tem disease in patients with normal transabdominal 
sonography, a prospective cross-sectional study was 
conducted. Based on previous studies, the expected fre-
quency of biliary diseases detected by EUS was 52.4% in 
patients with normal transabdominal sonography. For a 
two-sided 95% confidence interval for a single proportion 
using the large sample normal approximation which was 
extended 8% from the expected proportion, a sample size 
of 150 participants was recruited. Sample size estimation 
was performed by the Epi Info statistical package.

The collected data were entered on the computer 
using Microsoft Office Excel Software Program 365. 
Additionally, pre-coded data were entered into the Sta-
tistical Package of Social Science Software program, 
version 26 (SPSS). Furthermore, quantitative variables 
were described as mean, standard deviation, median, 
minimum, and maximum. Qualitative variables were 
expressed as frequency and percentage and compared 
using the chi-square test, where the p value is significant 
if less than 0.05.

Results
This study is a cross-sectional analytical study. It included 
150 patients referred to Kasr Alainy General Surgery, 
Internal Medicine, and ER units with any complaint 
related to the biliary system necessitating transabdomi-
nal ultrasound and endoscopic ultrasound. The mean 
age of the studied patients was 46.1 ± 10.3 years; 46.7% of 
them were males and 53.3% were females. The main com-
plaint among studied patients was right abdominal pain 
in 78.0%; meanwhile, 74.7% had a picture of obstructive 
jaundice. Laboratory findings of the studied patients were 
demonstrated in Table 1.

EUS revealed gallbladder wall thickening in 15 patients 
(10%), mud and/or small stones inside the gallbladder in 
73 patients (48.7%), positive GB mass and/or polyp find-
ings in 30 patients (20%), and biliary lesions such as duct 
strictures and/or dilatations were detected in 48 patients 
(32%) (Fig. 1), while transabdominal ultrasound was nor-
mal in all those patients (Table 2).

Discussion
While TUS serves as a widely available and safe initial 
screening method for hepatobiliary diseases, it shows 
a sensitivity of 66% in distinguishing between gallblad-
der polyps and calculi. However, with a specificity of 
100%, TUS accurately identifies detected polyps or cal-
culi. Despite its sensitivity limitations, TUS remains 
valuable for the primary assessment of hepatobiliary 
conditions [6].

EUS offers exceptional visualization of the extrahe-
patic biliary tree, effectively detecting bile duct stones 
as echo-dense structures within the ampulla or common 
bile duct. These stones may exhibit movement within the 
duct and are accompanied by acoustic shadowing. Addi-
tionally, EUS identifies bile duct wall thickening, offering 
insights into stone presence or related abnormalities [7].

EUS offers exceptional spatial resolution, surpassing 
that of abdominal ultrasonography (US). This enhanced 
resolution allows for a more detailed examination, par-
ticularly in assessing tumor characteristics and depth of 
invasion. By providing higher-resolution images, EUS 
plays a pivotal role in the diagnostic process and treat-
ment planning for different tumors [8].

EUS consistently outperforms ERCP in detecting small 
common bile duct (CBD) stones, boasting a high negative 
predictive value (NPV) of over 95%. It exhibits a specific-
ity of 95% or higher in excluding CBD stones, often over-
looked by other imaging techniques. Additionally, EUS 
effectively identifies bile duct sludge and microlithiasis, 
underscoring its superior diagnostic capabilities in biliary 
stone detection and characterization [9].

In the context of cholelithiasis, EUS’s role extends 
beyond detecting small CBD stones. It proves invaluable 
in cases where patients experience biliary pain despite 
normal initial imaging results from TUS or CT. Through 
detailed gallbladder imaging, EUS aids in accurate chole-
lithiasis diagnosis, guiding appropriate management 
strategies for such patients [10].

Table 1 Laboratory findings of the studied patients

TLC total leucocytic count, INR international normalized ratio, CRP C-reactive 
protein

n = 150 Mean ± S.D Range

Total bilirubin 2.25 ± 2.31 0.80 - 13.00

Direct bilirubin 1.29 ± 2.97 0.20 - 8.00

TLC 9.22 ± 2.97 2.50 - 16.00

Hemoglobin 11.88 ± 1.41 9.00 - 16.20

Platelets 301.26 ± 79.72 22.00 - 461.00

INR 1.07 ± 0.15 0.80 - 1.60

CRP 10.22 ± 10.61 1.00 - 66.00

Creatinine 1.17 ± 1.50 0.60 - 1.40
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In this study, we aimed to evaluate the role of endo-
scopic ultrasound in gallbladder and biliary system 
diseases in patients with normal transabdominal ultra-
sonography. The study included 150 patients; 70 males 
and 80 females, their ages between 20 and 67  years. 
The main complaints of the studied patients were right 
abdominal pain in 117 of 150 patients (78%) and obstruc-
tive jaundice in 112 of 150 patients (74.7%).

In our study, EUS revealed gallbladder wall thickening 
in 15 patients (10%), mud and/or small stones inside the 
gallbladder in 73 patients (48.7%), positive GB mass, and/
or polyp findings in 30 patients (20%), biliary lesions such 

as duct strictures and/or dilatations were detected in 48 
patients (32%), while transabdominal ultrasound was 
normal in all those patients.

TUS faces challenges in accurately detecting small gall-
bladder lesions and microlithiasis. EUS, superior to TUS 
for imaging the biliary system, offers higher-resolution 
images using ultrasound frequencies ranging from 5 to 
12  MHz. In diagnosing small polypoid lesions (< 2  cm), 
EUS exhibits notably higher diagnostic sensitivity (up to 
91.7%) and specificity (up to 87.7%) compared to TUS 
(sensitivity of 54.2% and specificity of 53.8%). This high-
lights EUS’s diagnostic superiority over TUS for detect-
ing and characterizing small gallbladder lesions [3].

EUS has shown superior performance to the conven-
tional US in identifying choledocholithiasis. EUS dem-
onstrated a sensitivity, specificity, and accuracy of 91%, 
100%, and 97%, respectively, while the US showed a lower 
sensitivity (50%) but similar specificity (100%) and accu-
racy (83%). Factors such as body habitus and bowel gas 
interference contribute to the US’s reduced sensitivity. 
Furthermore, EUS displayed a higher positive predictive 
value (100%) and negative predictive value (95%) com-
pared to the US, which had a positive predictive value of 
100% but a lower negative predictive value of 74%. These 
results underscore EUS’s accuracy in detecting common 
bile duct stones over conventional US [10].

When using endoscopic ultrasonography (EUS), a sub-
stantial portion of cases (ranging from 52.4 to 94.2%) 
with previous negative transabdominal ultrasonography 

Fig. 1 Biliary lesions among study patients

Table 2 EUS findings among studied patients

n = 150 EUS

Gallbladder wall thickness N %
 Yes 15 10.0

 No 135 90.0

Mud and stones N %
 Yes 73 48.7

 No 77 51.3

Pancreatic mass lesions N %
 Yes 30 20.0

 No 120 80.0

Biliary lesions N %
 Yes 48 32.0

 No 102 68.0
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(TUS) results can reveal gallbladder sludge or microlithi-
asis. EUS demonstrates high sensitivity (92.6 to 100%) 
and specificity (55.6 to 91%) in diagnosing gallbladder 
microlithiasis. These results underline the advanced diag-
nostic capabilities of EUS in detecting gallbladder sludge 
and microlithiasis, especially in cases where TUS did not 
show abnormalities. Notably, EUS’s high sensitivity in 
detecting these conditions highlights its diagnostic value 
in such scenarios [11].

In a prospective study spanning 2001 to 2003 at a Teh-
ran hospital, 35 patients with biliary-type abdominal 
pain and normal TUS results were examined. EUS, utiliz-
ing a GF UM-20 echoendoscope, was performed for all 
patients. The study revealed that out of the 35 patients, 
33 (approximately 94%) had gallbladder sludge or small 
stones, indicating a prevalence rate of 34%. Additionally, 
21 patients (approximately 60%) were found to have com-
mon bile duct (CBD) sludge or microlithiasis. This study 
underscores the diagnostic importance of EUS in identi-
fying gallbladder and CBD sludge, as well as microlithi-
asis, in patients with biliary-type abdominal pain despite 
initially normal TUS findings [12].

In a study by Sugiyama et al., the diagnostic precision 
of endoscopic ultrasonography (EUS) was compared to 
that of transabdominal ultrasonography (TAUS) for poly-
poid gallbladder lesions in a surgical series. The results 
indicated a higher level of accuracy with EUS, achieving 
a diagnostic precision of 97%. In contrast, TAUS exhib-
ited a lower accuracy of 76%. This study emphasizes the 
superior diagnostic ability of EUS over TAUS in charac-
terizing and diagnosing polypoid gallbladder lesions [13].

EUS is an essential imaging tool for assessing gall-
bladder lesions, especially in distinguishing benign gall-
bladder wall thickening from gallbladder carcinoma. 
A distinctive feature is the preservation of gallbladder 
wall layers in benign thickening, whereas gallbladder 
carcinoma often involves thickening and the loss of the 
multi-layer pattern. Fourteen EUS has demonstrated 
superior capabilities compared to transabdominal ultra-
sonography (TUS), computed tomography (CT), and 
magnetic resonance imaging (MRI) in visualizing gall-
bladder wall layers. Its higher resolution and proximity 
provide a detailed view of the gallbladder wall, allowing 
for the identification of subtle layering changes that may 
indicate malignant transformation. These results under-
score the superior diagnostic capacity of EUS in evalu-
ating gallbladder lesions, particularly in distinguishing 
gallbladder carcinoma from benign gallbladder wall 
thickening by observing the preservation or loss of gall-
bladder wall layers [14].

In a prospective multicenter study in the USA involving 
36 patients, the efficacy of endoscopic ultrasonography 
(EUS) in identifying choledocholithiasis was assessed, 

comparing it to transabdominal ultrasonography (US). 
The study showed that EUS had a sensitivity of 91%, 
a specificity of 100%, and an overall accuracy of 97% in 
detecting choledocholithiasis. In comparison, the US 
demonstrated a lower sensitivity of 50% but maintained 
a specificity of 100% and an accuracy of 83%. The posi-
tive predictive value (PPV) and negative predictive value 
(NPV) for EUS were both reported as 100%, indicating 
high confidence in their results. For the US, the PPV was 
100%, but the NPV was 74%, suggesting a higher likeli-
hood of false-negative results. These findings underscore 
EUS’s superiority over the US in sensitivity, accuracy, and 
predictive values for detecting choledocholithiasis. EUS 
serves as a reliable diagnostic tool, providing more accu-
rate and conclusive results compared to transabdominal 
ultrasonography [15].

Moreover, EUS-FNA (endoscopic ultrasonography-
guided fine-needle aspiration) demonstrates high accu-
racy in diagnosing malignancy in distal biliary strictures, 
especially for masses in the pancreatic head. A meta-
analysis involving 20 studies and 957 patients found 
EUS-FNA had a sensitivity of 80% and a specificity of 
97% for diagnosing malignant biliary strictures. These 
results indicate that EUS-FNA is valuable in differentiat-
ing between benign and malignant biliary strictures. It 
shows high sensitivity in identifying malignancy and high 
specificity in ruling it out when absent. EUS-FNA assists 
in guiding appropriate management decisions, especially 
for patients with distal biliary strictures and masses in 
the pancreatic head [5].

While endoscopic ultrasonography (EUS) is highly 
beneficial in the management of choledocholithiasis, it 
does have some limitations to consider. One of these is 
the challenge of visualizing the gallbladder in cases of 
atypical anatomical positions or patients with altered 
gastroduodenal anatomy. This difficulty can make it hard 
to assess the presence of gallstones or sludge based on 
positional mobility since repositioning the patient dur-
ing an EUS procedure can be quite complex. Addition-
ally, EUS’s limited depth of penetration might hinder a 
comprehensive assessment of the hilum and right hepatic 
duct. This can impact the thorough examination of these 
structures [16].

Furthermore, retropancreatic bile duct imaging 
becomes more challenging in cases where there are 
parenchymal alterations like necrosis, fluid collections, 
fat infiltration, or calcifications. These factors can impede 
clear visualization of the bile ducts during the procedure. 
Also, previous endoscopic sphincterotomy can cause 
air artifacts in the distal bile duct, making it challenging 
to obtain a clear and adequate view. These limitations 
should be considered when utilizing EUS for managing 
choledocholithiasis, and healthcare providers may need 
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to explore alternative imaging modalities in certain cases 
to address these challenges [10].

Similarly, the effectiveness of EUS imaging in diagnos-
ing choledocholithiasis can be limited when the EUS 
transducer cannot pass into the duodenal bulb. This 
might happen due to conditions such as pyloric steno-
sis or after a Billroth II anastomosis procedure. In such 
situations, obstructions or altered anatomical structures 
could prevent the accurate imaging of the biliary system. 
Healthcare providers should remain mindful of these 
limitations and adapt their diagnostic and therapeutic 
approaches accordingly, exploring alternative options 
for imaging and intervention when EUS is not feasible or 
effective [10, 17, 18].

Conclusion
Our research offers robust evidence supporting the sig-
nificant role of endoscopic ultrasonography (EUS) in 
detecting cholelithiasis, choledocholithiasis, and pancre-
ato-biliary lesions in patients with negative transabdomi-
nal ultrasonography (TUS) results. We assert that EUS 
stands as the superior diagnostic method for individu-
als experiencing biliary-type pain, having normal TUS 
results, and suspected microlithiasis. The findings suggest 
that EUS holds promise as a diagnostic tool for patients 
exhibiting clinical suspicion of cholelithiasis and choledo-
cholithiasis, even in cases where TUS results are normal. 
EUS exhibits outstanding diagnostic performance in man-
aging gallbladder and biliary system diseases.

However, it is crucial to emphasize the necessity for exten-
sive, long-term, controlled prospective studies to gain a 
deeper understanding of EUS’s role in identifying the patho-
genesis, clinical significance, and best treatment strategies 
for patients with microlithiasis. Our study results overall 
advocate for EUS’s use as a valuable instrument in diagnos-
ing and managing biliary diseases, especially in  situations 
where TUS outcomes are inconclusive or negative. Further 
exploration will enrich our understanding of the potential 
benefits and applications of EUS in this particular context.

Abbreviations
TUS  Transabdominal ultrasound
EUS  Endoscopic ultrasound
CT  Computed tomography
MRI  Magnetic resonance imaging
FNA  Fine-needle aspiration
ER  Emergency room
CRP  C-reactive protein
BMI  Body mass index
INR  International normalized ratio
CBD  Common bile duct
US  Ultrasonography
ERCP  Endoscopic retrograde cholangiopancreatography
NPV  Negative predictive value
EUS-FNA  Endoscopic ultrasonography-guided fine-needle aspiration

Acknowledgements
we would like to acknowledge our great Kasr Al Ainy Hospital, and its work-
ers, nurses, and staff members, for all the support and help in this study and 
throughout our careers.

Authors’ contributions
AM was the main endoscopist and did the final review and editing. AN 
helped in investigations, YM collected the data, AA wrote the manuscript, and 
YA designed the methodology and helped in writing. All authors read and 
approved the final manuscript.

Funding
The authors received no funding for this study.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The study was approved by the institution’s ethical committee and review 
board of Kasr Al Ainy Hospital with the reference number: MS-88-2021. Oral 
and written informed consents were obtained from the patient or from his 
eligible relatives.

Consent for publication
Oral and written informed consents were obtained from the patients or from 
their eligible relatives.

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

Author details
1 Department of Internal Medicine and Hepatogastroenterology, Kasr Al-Aini 
Hospitals, Faculty of Medicine, Cairo University, Cairo, Egypt. 2 Department 
of General Surgery, Kasr Al-Aini Hospitals, Faculty of Medicine, Cairo University, 
Cairo, Egypt. 3 Internal Medicine Department, DM and Endocrinology Division, 
Kasr Al-Aini School of Medicine, Cairo University, Kasr Al-Aini Street, PO 11451, 
Cairo, Egypt. 

Received: 3 November 2023   Accepted: 1 January 2024

References
 1. Stinton LM, Shaffer EA (2012) Epidemiology of gallbladder disease: chole-

lithiasis and cancer. Gut Liver 6(2):172–187. https:// doi. org/ 10. 5009/ gnl. 
2012.6. 2. 172

 2. De Silva SL, Pathirana AA, Wijerathne TK, Gamage BD, Dassanayake BK, 
De Silva MM (2019) Transabdominal ultrasonography in symptomatic 
choledocholithiasis - usefulness in settings with limited resources. J Clin 
Imaging Sci 9:31. https:// doi. org/ 10. 25259/ JCIS- 38- 2019. Published 2019 
Jun 28

 3. Hashimoto S, Nakaoka K, Kawabe N et al (2021) The role of endoscopic 
ultrasound in the diagnosis of gallbladder lesions. Diagnostics (Basel). 
11(10):1789. https:// doi. org/ 10. 3390/ diagn ostic s1110 1789. Published 
2021 Sep 28

 4. Zhang Y, Zhang J, Yang L, Huang S (2021) A meta-analysis of the utility 
of transabdominal ultrasound for evaluation of gastric cancer. Medicine 
(Baltimore) 100(32):e26928. https:// doi. org/ 10. 1097/ MD. 00000 00000 
026928

 5. Sadeghi A, Mohamadnejad M, Islami F et al (2016) Diagnostic yield of 
EUS-guided FNA for malignant biliary stricture: a systematic review and 
meta-analysis. Gastrointest Endosc 83(2):290–8.e1. https:// doi. org/ 10. 
1016/j. gie. 2015. 09. 024

 6. Martin E, Gill R, Debru E (2018) Diagnostic accuracy of transabdominal 
ultrasonography for gallbladder polyps: systematic review. Can J Surg 
61(3):200–207. https:// doi. org/ 10. 1503/ cjs. 011617

https://doi.org/10.5009/gnl.2012.6.2.172
https://doi.org/10.5009/gnl.2012.6.2.172
https://doi.org/10.25259/JCIS-38-2019
https://doi.org/10.3390/diagnostics11101789
https://doi.org/10.1097/MD.0000000000026928
https://doi.org/10.1097/MD.0000000000026928
https://doi.org/10.1016/j.gie.2015.09.024
https://doi.org/10.1016/j.gie.2015.09.024
https://doi.org/10.1503/cjs.011617


Page 7 of 7Hashim et al. The Egyptian Journal of Internal Medicine            (2024) 36:8  

 7. De Angelis C, Marietti M, Bruno M, Pellicano R, Rizzetto M (2015) Endo-
scopic ultrasound in common bile duct dilatation with normal liver 
enzymes. World J Gastrointest Endosc 7(8):799–805. https:// doi. org/ 10. 
4253/ wjge. v7. i8. 799

 8. Tsujii Y, Hayashi Y, Ishihara R et al (2023) Diagnostic value of endoscopic 
ultrasonography for the depth of gastric cancer suspected of submucosal 
invasion: a multicenter prospective study. Surg Endosc 37(4):3018–3028. 
https:// doi. org/ 10. 1007/ s00464- 022- 09778-7

 9. Anwer M, Asghar MS, Rahman S et al (2020) Diagnostic accuracy of endo-
scopic ultrasonography versus the gold standard endoscopic retrograde 
cholangiopancreatography in detecting common bile duct stones. 
Cureus 12(12):e12162. https:// doi. org/ 10. 7759/ cureus. 12162. Published 
2020 Dec 19

 10. Jeon TJ, Cho JH, Kim YS, Song SY, Park JY (2017) Diagnostic value of 
endoscopic ultrasonography in symptomatic patients with high and 
intermediate probabilities of common bile duct stones and a negative 
computed tomography scan. Gut Liver 11(2):290–297. https:// doi. org/ 10. 
5009/ gnl16 052

 11. Ardengh JC, Malheiros CA, Rahal F, Pereira V, Ganc AJ (2010) Microlithiasis 
of the gallbladder: role of endoscopic ultrasonography in patients with 
idiopathic acute pancreatitis. Rev Assoc Med Bras (1992) 56(1):27–31. 
https:// doi. org/ 10. 1590/ s0104- 42302 01000 01000 11

 12. Mirbagheri SA, Mohamadnejad M, Nasiri J, Vahid AA, Ghadimi R, Malekza-
deh R (2005) Prospective evaluation of endoscopic ultrasonography in 
the diagnosis of biliary microlithiasis in patients with normal transab-
dominal ultrasonography. J Gastrointest Surg 9(7):961–964. https:// doi. 
org/ 10. 1016/j. gassur. 2005. 03. 002

 13. Sugiyama M, Atomi Y, Yamato T (2000) Endoscopic ultrasonography for dif-
ferential diagnosis of polypoid gall bladder lesions: analysis in surgical and 
follow up series. Gut 46(2):250–254. https:// doi. org/ 10. 1136/ gut. 46.2. 250

 14. Tamura T, Ashida R, Kitano M (2022) The usefulness of endoscopic 
ultrasound in the diagnosis of gallbladder lesions. Front Med (Lausanne) 
9:957557. https:// doi. org/ 10. 3389/ fmed. 2022. 957557. Published 2022 
Aug 29

 15. Chak A, Hawes RH, Cooper GS et al (1999) Prospective assessment of 
the utility of EUS in the evaluation of gallstone pancreatitis. Gastrointest 
Endosc 49(5):599–604. https:// doi. org/ 10. 1016/ s0016- 5107(99) 70388-3

 16. Campos S, Poley JW, van Driel L, Bruno MJ (2019) The role of EUS in 
diagnosis and treatment of liver disorders. Endosc Int Open 7(10):E1262–
E1275. https:// doi. org/ 10. 1055/a- 0958- 2183

 17. Hammoud GM, Almashhrawi A, Ibdah JA (2014) Usefulness of endo-
scopic ultrasound-guided fine needle aspiration in the diagnosis of 
hepatic, gallbladder and biliary tract Lesions. World J Gastrointest Oncol 
6(11):420–429. https:// doi. org/ 10. 4251/ wjgo. v6. i11. 420

 18. Cianci P, Restini E (2021) Management of cholelithiasis with choledo-
cholithiasis: endoscopic and surgical approaches. World J Gastroenterol 
27(28):4536–4554. https:// doi. org/ 10. 3748/ wjg. v27. i28. 4536

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

https://doi.org/10.4253/wjge.v7.i8.799
https://doi.org/10.4253/wjge.v7.i8.799
https://doi.org/10.1007/s00464-022-09778-7
https://doi.org/10.7759/cureus.12162
https://doi.org/10.5009/gnl16052
https://doi.org/10.5009/gnl16052
https://doi.org/10.1590/s0104-42302010000100011
https://doi.org/10.1016/j.gassur.2005.03.002
https://doi.org/10.1016/j.gassur.2005.03.002
https://doi.org/10.1136/gut.46.2.250
https://doi.org/10.3389/fmed.2022.957557
https://doi.org/10.1016/s0016-5107(99)70388-3
https://doi.org/10.1055/a-0958-2183
https://doi.org/10.4251/wjgo.v6.i11.420
https://doi.org/10.3748/wjg.v27.i28.4536

	Role of endoscopic ultrasound in gallbladder and biliary system diseases in patients with normal transabdominal ultrasonography
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Procedure steps
	Statistical methods
	Sample size estimation


	Results
	Discussion
	Conclusion
	Acknowledgements
	References


