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Abstract
The gallbladder (GB) is a susceptible organ, prone to various pathologies that can be identified using different 
imaging techniques. Transabdominal ultrasound (TUS) is typically the initial diagnostic method due to its 
numerous well-established advantages. However, in cases of uncertainty or when a definitive diagnosis cannot be 
established, computed tomography (CT) or magnetic resonance imaging may be employed to provide more 
detailed information. Nevertheless, CT scans may sometimes offer inadequate spatial resolution, which can limit 
the differentiation of GB lesions, particularly when smaller yet clinically relevant abnormalities are involved. 
Conversely, endoscopic ultrasound (EUS) provides higher frequency compared to TUS, superior spatial resolution, 
and the option for contrast-enhanced harmonic imaging, enabling a more comprehensive examination. Thus, EUS 
can serve as a supplementary tool when conventional imaging methods are insufficient. This review will describe 
the standard EUS examination of the GB, focusing on its endosonographic characteristics in various GB path-
ologies.

Key Words: Endoscopic ultrasound; Linear endoscopic ultrasound; Gallbladder anatomy; Gallbladder pathologies; Therapeutic 
endoscopic ultrasound

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gallbladder pathologies can pose a health challenge to clinicians and patients when poorly examined. Linear 
endoscopic ultrasound has clinical and therapeutic significance when examining the gallbladder.
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URL: https://www.wjgnet.com/1949-8470/full/v16/i6/184.htm
DOI: https://dx.doi.org/10.4329/wjr.v16.i6.184

INTRODUCTION
Endoscopic ultrasound (EUS) assessment of the biliary system plays a critical role as it offers a non-invasive and safe 
mechanism to evaluate biliary tract disorders[1]. The two types of EUS scopes are linear array and radial scanning. Both 
scopes combine two endoscopic modalities visualization with high frequency enabling imaging of the gastrointestinal 
tract wall and into vessels and organs in proximity[2]. Radial EUS – first to be advanced – offers a 360-degree view in a 
perpendicular plane to the scope, similar to the computed tomography (CT) image[2]. Conversely, linear EUS offers a 
localized oblique image parallel to the scope and allows therapeutic intervention under ultrasound[2]. While radial EUS 
was the first to be developed, linear EUS has gained popularity over the years due to its ability to add other diagnostic 
tools such as the fine-needle aspiration (FNA)[3]. This current review discusses the role of linear EUS in gallbladder (GB) 
imaging and its clinical implications.

Recently, the diagnostic and therapeutic fields of linear EUS have been rapidly growing, offering a feasible and 
relatively safe semi-invasive modality. Despite existing non-invasive imaging modalities, in the case of very small lesions, 
but clinically relevant such as microlithiasis or GB wall thickening, a more detailed assessment is necessary. In that 
context, the advantage of EUS is related to its higher frequency than TUS (5–12 vs 2–5 MHGB) which allows the detection 
of lesions 3 mm in size and meticulously assesses the GB wall. The high EUS sensitivity and specificity for the diagnosis 
of GB microlithiasis was shown in multiple studies accounting for 92.6%–100% and 55.6%–91%, respectively. Of note in 
those studies, microlithiasis was detected when the TUS result was negative[4]. Furthermore, it is well established that 
EUS has a high spatial resolution in comparison to CT and allows for a more detailed examination. Finally, EUS might 
offer a histological diagnosis of GB lesions, when EUS-guided FNA is performed for pathological evaluation of GB 
tumors[5]. As EUS is a more invasive technique than standard imaging modalities, the assessment requires the possession 
of separate technical skills and knowledge regarding the GB anatomy, pivotal for accurate recognition of abnormalities. 
Compared to other imaging standards, such as radiology performed ultrasound, CT, and magnetic resonance imaging, a 
meta-analysis by Ross et al[6] in 2011, found that in the diagnosis of cholelithiasis, EUS has comparable sensitivity and 
specificity of [(0.90; 95%CI (0.86-0.93)] and [(0.88; 95%CI (0.84, 0.91)], respectively.

mailto:eyadgadour@doctors.org.uk
https://www.wjgnet.com/1949-8470/full/v16/i6/184.htm
https://dx.doi.org/10.4329/wjr.v16.i6.184
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EUS EXAMINATION OF THE GALLBLADDER
Gallbladder anatomy
The GB is a pear-shaped sac with an average capacity of 30-50 mL and is 7-10 cm long. It is divided into four anatomical 
segments: fundus, body, infundibulum, and neck[7] (Figure 1). The rounded end of the GB represents the fundus covered 
by the peritoneum and reaches 0.5-1.0 cm beyond the liver border[7]. The fundus merges with the body, the primary 
anatomical portion of the GB. The infundibulum is a transitional area between the body and the neck. Its inferior surface 
may occasionally have a shallow diverticulum (Hartmann pouch)[8,9]. The neck, a brief 5-7 mm section, gradually tapers 
towards the cystic duct.

The GB is positioned along the visceral surface of the liver within the GB fossa, situated between the right and the 
quadrate lobes. It is closely attached to the liver by loose connective tissue containing small veins and lymphatics. The GB 
fundus is positioned over the duodenum and makes direct contact with the anterior abdominal wall at the level of the 
ninth costal cartilage. The body rests on the duodenum on one side, with the other intimately attached to the liver. This 
close contact may be responsible for the early direct spread of GB carcinoma into the liver[8]. The neck is located in the 
deepest part of the GB fossa, within the free border of the hepatoduodenal ligament (Figure 1).

The GB is usually supplied by a single cystic artery originating from the right hepatic artery. This artery traverses 
Calot's triangle, running parallel and medial to the cystic duct, and eventually divides into two branches near the GB wall
[10]. One branch follows the peritoneal surface of the GB, while the other courses within the GB fossa. The origin and 
course of the cystic artery may exhibit variability, with the most typical arising from the right hepatic artery (95%). Less 
frequently, it may originate from the left hepatic artery, common hepatic artery, or aberrant right hepatic artery arising 
from the superior mesenteric artery[10]. Regarding drainage, the GB is connected to a network of small veins that either 
run toward the liver or join the cystic duct, ultimately merging with venous collaterals from the common bile duct. This 
network drains into the portal vein.

The GB wall is divided into four layers: Mucosa, muscularis propria, subserosa, and serosa. The serosa is absent from 
the GB surface, as it is in direct contact with the liver. Unlike other gastrointestinal organs, the GB lacks a muscularis 
mucosa layer[11]. Typically, the maximum GB wall thickness is 3 mm[12]. On EUS, the GB wall appears as two layers: 
Inner hypoechoic, representing the mucosa, muscularis propria, and shallow subserosal layers, and outer hyperechoic 
layers, representing deep subserosa and serosa layers[13] (Figure 2). The GB rests on the visceral liver surface[7]. The 
upper GB surface is attached by connective tissue to a shallow liver fossa located between the quadrate and right lobes.

Steps of GB assessment with EUS
EUS offers the ability to scan the GB from the stomach and the duodenum. Linear EUS, specifically, can examine GB from 
four stations: The fundus of the stomach, the antrum of the stomach, the bulb of the duodenum, and the descending 
duodenum.

Gastric fundal station: The gastric fundus extends 40-45 cm from the incisors below the gastroesophageal junction. In this 
station, the goal is first to identify the left lobe of the liver. Then, push the scope slightly downwards and rotate it 
clockwise to identify the "fish-eye appearance" of the umbilical portion of the left portal vein (PV) (Figure 3). Further 
rotation and slight upward tip deflection help identify the liver hilum, which is this station's landmark, where the right 
PV meets the left PV to form the central PV (Figure 4). At the liver hilum, the echoendoscope is pushed slightly forward 
with a maximum upward tip angulation of more than 900. Then, by torquing the scope in counterclockwise rotation, in 
most cases, and sometimes clockwise rotation in a small number of patients, the goal is to identify the GB, which appears 
on the screen between the 6 and 9 o'clock positions. Segment V of the liver might be seen in this view concerning the GB. 
In this view, the neck of the GB lies on the right side of the screen, while the fundus of the GB is on the left (Figure 5). 
From this station of GB, the right kidney and segment VI of the liver can be seen by clockwise rotation, especially in thin 
patients.

Gastric antral station: At the gastric antrum, the GB is situated close to the probe at 6 and 9 o'clock positions, typically 
achieved through counterclockwise rotation. Then, the scope tip faces the pyloric ring. At this station, the fundus of the 
GB lies on the right side of the screen, while the neck of the GB is on the left side. The GB may not be visualized at this 
station if it is contracted.

Duodenal bulb station: At the bulb of the duodenum, the scope can be intubated into the bulb of the duodenum and 
gently pushed into the apex of the duodenal bulb at the superior duodenal angle. A more gradual, gentler forward 
pushing of the probe against the superior duodenal angle creates a J-shaped position of the scope. With gentle manipu-
lation of the scope, the PV can be identified on a long axis, which is the landmark of this station. Then, the scope is 
torqued in counterclockwise rotation while being withdrawn, and the tip is angled slightly downward to identify the 
liver. With some manipulation of the scope, upward or downward tip deflection, and push-in or pull-out movements, the 
GB and segment IV of the liver can be visualized below the GB (Figure 6). At this station, the fundus of the GB lies on the 
right side of the screen, while the neck of the GB is on the left side.

Descending duodenum station: Imaging from the descending duodenum requires entering the second part and 
shortening the scope. In the descending duodenum, the landmark for examination of the GB is the right kidney, which 
rotates clockwise. The GB can be visualized with slow scope withdrawal, anticlockwise rotation, and upward deflection. 
The GB fundus appears on the left side of the screen, close to the EUS probe, with the neck of the GB toward the right side 
(opposite to that of the antrum and D1). The GB is positioned close to the probe between the 8 and 11 o'clock positions.
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Figure 1  Gallbladder normal anatomy.

Figure 2 Comparison of gallbladder wall layers and endoscopic ultrasound findings. EUS: Endoscopic ultrasound.

Figure 3 Fish-eye appearance of the umbilical portion of the left portal vein. A: Diagram of the umbilical portion of the left portal vein; B: Endoscopic 
ultrasound view which shows Fish-eye appearance of the umbilical portion of the left portal vein. LPV: Left portal vein; MHV: Middle hepatic vein; IVb: Segment 4b of 
the liver.

PRACTICAL APPLICATIONS OF EUS IN GB DISEASES
Diagnostic implications
The diagnostic role of EUS includes the detection of microlithiasis and GB stones, particularly in cases of idiopathic 
pancreatitis, differentiation of GB protuberant lesions (neoplastic or non-neoplastic), and conditions involving GB wall 
thickening. Protuberant GB lesions can be either non-neoplastic (cholesterol, hyperplastic, and inflammatory polyps) or 
neoplastic (adenoma or carcinoma). Wall-thickening disorders involve neoplastic thickening (carcinoma or lymphoma) 
and benign disorders such as inflammatory conditions (acute and chronic cholecystitis, xanthogranulomatous chole-
cystitis) and hyperplasia (adenomyomatosis and hyperplasia accompanying anomalous pancreaticobiliary junction)[14,
15].
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Figure 4 Liver hilum view from the gastric fundus. A: Diagram of the anatomical location of main portal vein at the liver hilum; B: Endoscopic ultrasound 
view of the main portal vein at the liver hilum. PV: Portal vein.

Figure 5 View of segment V of the liver and the gallbladder from the gastric fundus. A: Diagram of the gallbladder as seen from the gastric fundus; 
B: Endoscopic ultrasound view of the gallbladder as seen from the gastric fundus. GB: Gallbladder.

Figure 6 Biliary gravel are seen from the duodenal bulb. A: Diagram of the gallbladder view from the duodenal bulb; B: Endoscopic ultrasound view of the 
gallbladder gravel, less than 3 mm in diameter. GB: Gallbladder.

Gallstones: Trans-abdominal ultrasound (TUS) is the initial investigational tool for suspected GB stones. EUS has been 
studied for cholelithiasis detection, particularly microlithiasis, in cases of high clinical suspicion despite negative 
preliminary imaging tools, including TUS. Microlithiasis is defined as minute stones (less than 3 mm) in the GB and is 
also known as sludge, biliary gravel (Figure 6), sediment, and pseudolithiasis[16,17]. Two previous studies showed EUS's 
role in microlithiasis detection in more than half of patients with biliary colic with normal TUS, which implicated further 
management plans[18,19]. Similarly, in a case series of pediatric populations, EUS solved the suffering of three children 
who presented with unexplained recurrent upper quadrant pain despite negative results from other imaging tools, 
including TUS, CT, and magnetic resonance cholangiopancreatography (MRCP). EUS has revealed microlithiasis in GB, 
leading to subsequent laparoscopic cholecystectomy and intraoperative cholangiogram, ultimately alleviating post-
operative pain[20]. To date, EUS has demonstrated a sensitivity of 92.6%–100% and a specificity of 55.6%–91% in 
diagnosing GB microlithiasis with a negative TUS test[4,18,21]. Generally, the diagnosis of minute GB stones (Figure 7) 
best illustrates the advantage of employing EUS over TUS.

After a cholecystectomy, a person may experience a range of signs and symptoms known as post-cholecystectomy 
syndrome (PCS), which can include right upper quadrant abdominal pain, dyspepsia, and/or jaundice. The biliary 
etiology of PCS can be related to early cholecystectomy complications, including biliary duct damage, biliary leak, 
retained cystic duct, or common bile duct stones[22]. In a study by Sezeur and Akel[23], cystic duct stones were found in 
14.7% of patients during cholecystectomy, and these stones were not detected by pre-operative TUS or CT. EUS has been 
evaluated for detecting the cause of PCS in a study by Mohamadnejad et al[24], revealing the detection of missed stones in 
the remnant GB or cystic duct in 10% of the patients studied.
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Figure 7  Gall bladder small stones with posterior shadowing, 3-5 mm in diameter.

Similarly, idiopathic acute pancreatitis (IAP) could be explained by identifying microlithiasis or biliary sludge missed 
on standard imaging methods. In patients with IAP, EUS has demonstrated a high diagnostic accuracy (60%–80%), 
comparable to endoscopic retrograde cholangiopancreatography (ERCP) but with a lower complication rate[25]. A recent 
systematic review and meta-analysis have demonstrated greater diagnostic accuracy for EUS than MRCP (64% vs 34%) in 
the etiologic diagnosis of IAP[26]. EUS should be considered a well-established method for identifying GB sludge and 
small stones in patients with unexplained right upper quadrant pain and those with PCS. Likewise, in the presence of 
IAP, EUS is still the preferred diagnostic test to rule out any missed tiny stones, mainly when MRCP results are negative.

GB polyps: Up to 5% of adults may present with GB polyps (GBPs)[27]. Nevertheless, differentiating neoplastic GBPs, 
including adenomas, carcinomas, and other malignancies, from non-neoplastic (mainly cholesterol polyps or adenomyo-
matosis) usually represents a challenging clinical dilemma. It is known that surgical intervention is not necessary for 
cholesterol, inflammatory, or fibrous polyps as they do not have the potential for malignant transformation. In contrast, 
managing adenomatous polyps is essential, as GB carcinoma has one of the worst prognoses among digestive system 
cancers, and the adenoma-carcinoma sequence is well recognized in the biliary epithelium of the GB[28]. Regarding 
safety and affordability, TUS is considered the first-line examination tool for GBPs. However, it has relatively low 
accuracy for GBPs[29]. In contrast, EUS, with its high resolution and proximity to the GB wall, was reported to improve 
the accuracy of differentiating GBPs compared to TUS (87% for EUS vs 52% for TUS)[30].

Considerable efforts have been undertaken to establish sonographic characterization along with subsequent scoring 
systems aimed at distinguishing neoplastic GBPs. Generally, findings suggestive of a neoplastic polyp include a single 
lesion with a diameter of more than 10 mm, a sessile appearance, an uneven contour, loss of normal wall layer structure 
at the base of the polyp, and hypoechogenicity on sonography[31]. Regarding polyp size, this was found to be the most 
significant variable predicting the neoplastic process in a five-variable-based EUS scoring system. Polyps more significant 
than 15 mm were positively associated with malignancy, while those ≤ 5 mm were all non-neoplastic[32]. A more recent 
systematic review of 5482 GBPs concluded that risk factors associated with an increased risk of malignancy were GBP > 6 
mm, single GBPs, symptomatic GBPs, age > 60 years, Indian ethnicity, gallstones, and cholecystitis[33]. Another study of 
70 patients using a similar scoring system revealed that size and heterogeneous internal echogenicity were positively 
associated with neoplastic changes, as opposed to the presence of hyperechogenic spots related to benign polyps[34]. In 
another study by Ma et al[35] in 2022, the following preoperative scoring system was used in the differentiation of benign 
and malignant polyps. This system utilized the following factors: The cross sectional area, positive blood flow, age > 55.5 
years, alanine transaminase (ALT) > 50 U/L, and ALT/aspartate transaminase (AST) > 0.77. This scoring system has a 
total score of 15, polyps with a score of > 6.5 are classified as high risk and polyps with a score of < 6.5 are classified as 
low risk[35].

On the other hand, while the accuracy for EUS was consistently superior to TUS in detecting neoplastic GBPs, different 
accuracies were observed for polyps sized less than 10 mm vs larger ones (44% vs 89%, respectively) on EUS. This 
difference indicates the need for an adjunct dedicated diagnostic technology to improve the EUS accuracy, particularly 
for smaller polyps. Contrast-enhanced harmonic EUS (CE-EUS) was utilized to improve EUS’s ability to detect neoplastic 
GBPs. In the prospective study by Choi et al[16], CE-EUS improved the accuracy of conventional EUS, with a sensitivity 
and specificity of 93.5% and 93.2%, respectively, for CE-EUS, compared to 90.0% and 91.1% for conventional EUS. In their 
study, malignant GBPs could be accurately predicted by CE-EUS perfusion deficits or the presence of irregular intramural 
vasculature.

In another smaller retrospective study by Park et al[36], CE-EUS was utilized for the differentiation of adenomas vs 
cholesterol polyps, achieving a sensitivity of 75.0% and a specificity of 66.6%. Even though EUS has been shown to be 
effective in the diagnosis of GBPs especially malignant ones, the SRU consensus committee agreed that it should not be 
included in the routine evaluation of GBPs due to its invasive nature[37]. The surgical approach remains a safe and 
commonly used treatment option for GBPs larger than 1 cm. Nonetheless, EUS may be suggested as a surveillance 
method for polyps that do not meet the resection criteria, particularly those between 5 and 10 mm in size, with consid-
eration of surgery if suspicious features are defined[24].

GB carcinoma: When there is a loss of homogeneity in the inner hypoechoic layer, as illustrated in Figure 5, and there is a 
diffuse or localized uneven thickening of the GB wall, GB carcinoma is possible[13]. Due to its ability to show the 
multilayer GB wall structure, distinguish between benign and malignant polyps, and accurately delineate the degree of 
wall invasion, EUS provides a precise diagnosis and staging of GB carcinoma and guides the optimum surgical procedure 
for GB lesions, whether laparoscopic or open surgery. Indeed, EUS staging for GB carcinoma depends mainly on the 
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integrity of the wall layers at the base of a GBP, which continues to be the best determinant of deep invasion.
In a retrospective study with high interobserver agreement, Fujita et al[38] categorized GB tumors according to the 

depth of invasion into four categories: Type A is a pedunculated mass with a finely nodular surface, and no abnormality 
of the GB wall adjacent to it, indicating stage T following a comparison of EUS and histopathology. Type B is a broad-
based mass with an irregular surface but no interruption of the GB wall’s outer hyperechoic layer, correlating with T1 
(Figure 8). Type C is an irregular outer hyperechoic layer caused by the mass echo effect and indicates T2. Type D is a 
disruption of the outer hyperechoic layer invading the adipose layer of the subserosa, correlating with T3 or T4[38]. The 
corresponding accuracies for the four types were 100%, 76%, 85%, and 93% in a subsequent trial by Sadamoto et al, in 41 
patients with GB carcinoma[39].

Increased GB wall thickness: Many disorders are associated with GB wall thickening, including benign conditions such 
as inflammation (Figure 9), adenomyomatosis, or malignancy. To date, distinguishing between both disorders in these 
cases remains challenging, and the role of EUS in the etiological diagnosis of GB wall thickening is still poorly charac-
terized. Intramural cystic space, the contour of the lesion, patterns of GB wall enhancement, and patterns of wall 
thickness are all employed as differential points[15].

GB adenomyomatosis is a relatively common benign condition, diagnosed in 2–8% of all cholecystectomies, resulting 
from hyperplasia of the GB wall epithelium and the development of intramural diverticula, known as Rokitansky-
Aschoff sinuses (RAS), which is considered a pathognomonic finding. Adenomyomatosis is categorized according to the 
level of wall involvement into one of three types: fundal (a focal lesion in the GB fundus), segmental (diffuse thickening 
of the neck or body), or diffuse[40]. The thickened wall in GB adenomyomatosis typically has a smooth surface. However, 
surface irregularity, indicative of hyperplastic alterations, can rarely be seen. Confirming the existence of cystic anechoic 
patches reflecting RAS inside the thickened wall is crucial for diagnosis. Sometimes, comet tail artifacts are seen as a 
result of multipath reflection from intramural calculi or the RAS[15].

Xanthogranulomatous cholecystitis (XGC) is a rare condition characterized by chronic GB inflammation. Its clinical 
presentation resembles that of cholecystitis, and due to pronounced tissue-destructive alterations, the inflammation 
occasionally impacts nearby organs such as the liver and transverse colon, making it exceedingly challenging to identify 
GB carcinoma. In XGC, the subserosa layer of the GB wall thickens most prominently, and there is uneven GB wall 
thickening and fibrosis present. The condition may develop due to stones in the GB neck, bile leakage into the GB wall 
from a ruptured RAS, or mucosal ulcers[13]. XGC was found in 1.5% of a large 15-year series of cholecystectomy cases 
and was related to lithiasis in 85% of cases[41]. GB cancer may be a probable cause in cases without lithiasis. Occasionally, 
EUS can detect hyperechoic nodules in the GB wall, most likely XGC. However, it is frequently challenging to distinguish 
between benign and malignant conditions based just on EUS[15].

Anomalous pancreaticobiliary junction is a congenital condition in which both pancreatic and bile ducts join away 
from the duodenal wall, usually forming a long common channel leading to the reflux of pancreatic juice into the biliary 
tree[42]. As a result, the mucous membrane of the GB undergoes hyperplastic alterations, which are hypothesized to 
induce a pathway to dysplasia and then GB carcinoma[13]. EUS accurately diagnosed anomalous pancreaticobiliary 
junctions, even in asymptomatic patients with GB wall thickening and those without biliary dilatation[43].

Gallbladder carcinoma (wall-thickening type): The wall-thickening type of GB carcinoma usually exhibits uneven or 
papillated mucous membranes, thicker patches that are not uniform in thickness, and an unclear layered structure. 
Additionally, RAS-reflecting microcysts and comet tail artifacts are typically not seen[15]. The most precise EUS finding 
for diagnosing GB cancer in the study by Mizuguchi et al was the loss of multiple-layer patterns of the GB wall[44]. 
Additionally, wall thickening of more than 10 mm and internal echogenicity were linked to neoplastic wall thickening on 
multivariable analysis in a large series, including 134 patients with GB wall thickening[45]. Using contrast enhancement 
during harmonic EUS examination has increased its accuracy in detecting malignant GB wall thickening up to 94% 
compared to 73% for the standard EUS examination[46].

Moreover, EUS can be used to identify GB involvement in other less prevalent disorders, such as sclerosing cholangitis
[47], portal biliopathy causing internal GB varices[48], GB parasites[49], Mirizzi syndrome[50], and GB papillomatosis
[51].

EUS-guided FNA of gallbladder lesions: EUS-FNA from GB lesions is usually reserved for cases where a pathological 
diagnosis cannot be achieved even after cytological analysis of bile obtained by endoscopic transpapillary drainage[15]. 
EUS-FNA has been evaluated and has shown high accuracy in diagnosing malignant tumors, with sensitivity ranging 
from 80% to 96%[5,52] and a low rate of complications. However, acute cholecystitis[53] and biliary peritonitis[54] have 
been reported following FNA of a GB mass and after bile aspiration, respectively. Tamura et al[55] have proposed an 
approach considering the risk of EUS-FNA in cases of GB masses (Figure 8): Start by obtaining tissue via an ERCP-guided 
biopsy, then perform EUS-FNA from metastatic liver lesions or lymph nodes when present, and conclude with EUS-FNA 
from the GB mass itself. Similarly, during the FNA procedure and puncturing the GB wall, it is essential to gain stroke 
distance by tangentially puncturing the GB wall, avoiding puncture through the lumen.

Moreover, it is advisable to puncture the neck side of the GB to avoid sliding the GB wall during the procedure. 
Furthermore, it is best to target either the liver parenchyma or the GB wall that is in contact with the liver in case of liver 
invasion by the tumor[15]. Additionally, it was suggested to use 25-gauge EUS FNA needles when attempting FNA from 
GB lesions and to decrease the number of needle passes, aiming to ameliorate the risk of adverse events[28].

Contrast-enhanced EUS: The first report by Hirooka et al[56] declared the superiority of C-EUS using sonicated albumin 
over the standard EUS approach in differentiating GB lesions and evaluating the depth of tumor invasion. A study of 93 
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Figure 8  Gall bladder malignant mass.

Figure 9  Inflammatory diffuse gallbladder wall thickening with well differentiated wall layers.

patients with GBPs greater than 10 mm confirmed these findings, revealing intratumoral irregular vascularization by C-
EUS with a sensitivity of 93.5% and a specificity of 93.2% for malignancy[57]. C-EUS performed much better diagnost-
ically than standard EUS in cases of GB wall thickening (94.4 vs 73.1%)[46]. A study by Kamata et al[58] found that GB 
carcinoma was characterized by heterogeneous enhancement in the perfusion image and irregular vessels on C-EUS, with 
a sensitivity, specificity, and accuracy of 90%, 98%, and 96%, respectively.

Therapeutic role of EUS in the gallbladder
EUS-guided GB drainage: According to Tokyo Guidelines 2018 (TG 2018), early surgical treatment using the laparoscopic 
approach is generally accepted as the treatment of choice for acute cholecystitis[59]. Patients who are poor surgical 
candidates due to high-risk comorbidities, including cirrhosis, ascites, coagulopathy, cancers, and cardiopulmonary 
conditions, are managed conservatively with percutaneous GB drainage (PGBD) or endoscopic transpapillary GB 
drainage (ETGBD). However, these procedures have several limitations[60].

Indications for EUS-GBD include patients with acute cholecystitis who are non-surgical candidates with or without 
stone extraction, as a bridge to surgical cholecystectomy, conversion from PGBD to EUS-GBD, an alternative to failed 
PGBD/ETGBD, and an alternative to failed EUS-guided biliary drainage, such as EUS-CDS or EUS-HGS, in patients with 
malignant biliary obstruction[60].

Selection of the approach: The GB can be accessed from the gastrointestinal tract by both the distal gastric antrum 
(transgastric approach) and duodenal bulb (transduodenal approach)[61]. There is no evidence of clinical differences 
between the two sites. Tyberg et al[61] reported that the location of the stent was not a significant predictor of clinical 
failure (P = 0.432) or adverse events (P = 0.289). However, the transduodenal approach is technically less challenging, as 
the duodenum may have less mobility than the stomach, and the risk of stent migration and food reflux into the GB 
through the stent is lower with this approach[62].

The transgastric approach in the stomach has some benefits, especially in stent deployment, as the puncture will be 
through the GB, providing a larger entry point. Additionally, it is the preferred approach for patients who will ultimately 
undergo cholecystectomy, attributed to the simplified fistula closure. Surgery is more accessible for patients with this 
approach in cases of perforations and stent migration[62].

In cases of surgically altered anatomy, such as Roux-en-Y gastric bypass, the anastomotic tract may be between the GB 
and jejunum (cholecystojejunostomy). The decision to create a cholecystoduodenostomy, cholecystogastrostomy, or 
cholecystojejunostomy is based on operator preference, patient-specific anatomy, and proximity of the GB to the lumen
[62].

Technique: A 19-gauge needle is used to puncture the GB, and contrast is injected to confirm the location. A 0.025-inch 
or 0.035-inch guidewire is then passed through the needle and coiled into the GB. The fistula can be dilated using a 
bougie (6F or 7F) or tapered-tip balloon dilator (4 mm), followed by the insertion of plastic double-pigtail stents[63] or 
fully covered self-expandable metal stents (FCSEMS), which is preferable to plastic stents due to incidences of bile leaks 
attributed to their small diameter and their association with potential complications such as pneumoperitoneum, bile 
peritonitis, and stent migration.
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Using a single-step electrocautery-enhanced delivery system, the lumen-apposing metal stent (LAMS) is an excellent 
alternative. The main advantages of LAMS include a lower risk of stent migration, better tissue apposition, and a reduced 
risk of leakage and tissue ingrowth due to the silicon lining. LAMS also have a larger diameter than plastic stents or 
FCSEMS, which helps reduce the risk of stent obstruction and plays an excellent role in stone extraction and cholecysto-
graphy. Additionally, the removal of LAMS is accessible[59]. All these advantages affect the technical success rate, 
especially as LAMS is a single-step procedure[59].

A retrospective study was conducted to compare the technical success rates between cold and hot AXIOS, and it 
showed that there were no significant differences [100% (10/10) vs 95.9% (47/49) respectively, P = 1.00]. The rate of 
adverse events was not significantly different[64].

Endoscopic laser lithotripsy and lithotomy through the lumen-apposing metal stent for giant GB stones: Wang et al[65] 
reported five patients who were treated using endoscopic laser lithotripsy and lithotomy through the LAMS for giant GB 
stones, with a 100% success rate. There was no gallstone recurrence in the mean 27.8-month follow-up (24-36 months). 
Endoscopic laser lithotripsy and lithotomy should be performed at least two weeks after the LAMS implantation[65]. 
Larghi et al[66] reported one video case of a 74-year-old female patient with acute calculus cholecystitis and a history of 
inoperable bismuth IV cholangiocarcinoma. An EUS-guided cholecystogastrostomy, using a fiber-optic cholangioscopy 
system (SpyGlass) assisted in the holmium laser lithotripsy of symptomatic gallstones performed via the lumen-apposing 
FCSEMS, was performed using hot AXIOS. On the second day, balloon dilatation was conducted, followed by inserting 
the SpyGlass scope using therapeutic gastroscopy, and the holmium laser lithotripsy was successfully performed[66].

LIMITATIONS OF LINEAR EUS USE IN THE DIAGNOSIS OF GALLBLADDER DISEASES
The major limitation of linear EUS in the diagnosis of GB diseases is its invasive nature. Furthermore, this type of EUS 
does not have high diagnostic ability in the early stages of GB cancer as it cannot clearly differentiate between T1 and T2 
stage of GB cancer[5]. This has limited its application in the diagnosis of GB lesions. Furthermore, even though the few 
conducted studies have not reported major complications related to the use of this type of EUS in the diagnosis of GB 
pathologies, the risk of bleeding and tumor seeding are still high with the continuous use of EUS in the diagnosis of GB 
pathologies such as GB cancer[55,58].

CONCLUSION
The endosonographic assessment of GB has emerged as a problem-adjunct tool for assessing GB conditions when conven-
tional imaging methods prove inadequate for diagnosis. While providing a more comprehensive evaluation, EUS is 
reserved for specific cases due to its invasive nature compared to non-invasive imaging techniques. In general, linear EUS 
evaluation of biliary tract (including the GB) is effective and feasible following the station wise mechanisms. In addition, 
linear EUS should be considered a sensitive mechanism for detecting gallstones and can be significant in high-and 
intermediate-risk patients when the gallstones are not detected by imaging techniques.

FOOTNOTES
Author contributions: Okasha HH and Gadour E contributed to conceptualization; Gadour E, Atalla H, Abdelhameed OA, Ezzat R, and 
Alzamzamy AE contributed to resources; Hassan Z, Miutescu B, Pawlak KM and Qawasmi A contributed to writing-review and editing; 
Pawlak KM created the figures; Ghoneem E, Elmeligui A, Okasha HH and Gadour E contributed to writing the final manuscript; 
Elmeligui A, Okasha HH and Gadour E contributed to supervision; Gadour E contributed to project administration; All authors read and 
agreed to the published version of the manuscript.

Conflict-of-interest statement: All authors have no conflicts of interest to disclose.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Egypt

ORCID number: Hussein Hassan Okasha 0000-0002-0815-1394; Eyad Gadour 0000-0001-5087-1611; Hassan Atalla 0000-0001-8826-0496; Omar 
AbdAllah AbdEl-Hameed 0000-0002-6306-5560; Ahmed Elsayed Alzamzamy 0000-0002-3817-5370; Rasha Ahmad Matar 0000-0002-2877-9365; 
Zeinab Hassan 0000-0003-0703-6500; Ayman Qawasmi 0009-0000-4373-8214; Katarzyna M Pawlak 0000-0002-0771-1177.

Corresponding Author's Membership in Professional Societies: United European Gastroenterology; British Society of Gastroenterology.

S-Editor: Liu JH 
L-Editor: Webster JR 

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-0815-1394
http://orcid.org/0000-0002-0815-1394
http://orcid.org/0000-0001-5087-1611
http://orcid.org/0000-0001-5087-1611
http://orcid.org/0000-0001-8826-0496
http://orcid.org/0000-0001-8826-0496
http://orcid.org/0000-0002-6306-5560
http://orcid.org/0000-0002-6306-5560
http://orcid.org/0000-0002-3817-5370
http://orcid.org/0000-0002-3817-5370
http://orcid.org/0000-0002-2877-9365
http://orcid.org/0000-0002-2877-9365
http://orcid.org/0000-0003-0703-6500
http://orcid.org/0000-0003-0703-6500
http://orcid.org/0009-0000-4373-8214
http://orcid.org/0009-0000-4373-8214
http://orcid.org/0000-0002-0771-1177
http://orcid.org/0000-0002-0771-1177


Okasha HH et al. EUS examination of the gallbladder

WJR https://www.wjgnet.com 193 June 28, 2024 Volume 16 Issue 6

P-Editor: Che XX

REFERENCES
1 Chavan R, Gandhi C, Patel M, Solanki R, Rajput S. Linear Endoscopic Ultrasound Examination of the Biliary System and Its Clinical 

Applications. JDE 2023; 14: 211-220 [DOI: 10.1055/s-0043-1777341]
2 Reddy Y, Willert RP. Endoscopic ultrasound: what is it and when should it be used? Clin Med (Lond) 2009; 9: 539-543 [PMID: 20095294 

DOI: 10.7861/clinmedicine.9-6-539]
3 Gadour E, Awad A, Hassan Z, Shrwani KJ, Miutescu B, Okasha HH. Diagnostic and therapeutic role of endoscopic ultrasound in liver 

diseases: A systematic review and meta-analysis. World J Gastroenterol 2024; 30: 742-758 [PMID: 38515947 DOI: 10.3748/wjg.v30.i7.742]
4 Dahan P, Andant C, Lévy P, Amouyal P, Amouyal G, Dumont M, Erlinger S, Sauvanet A, Belghiti J, Zins M, Vilgrain V, Bernades P. 

Prospective evaluation of endoscopic ultrasonography and microscopic examination of duodenal bile in the diagnosis of cholecystolithiasis in 
45 patients with normal conventional ultrasonography. Gut 1996; 38: 277-281 [PMID: 8801211 DOI: 10.1136/gut.38.2.277]

5 Hijioka S, Hara K, Mizuno N, Imaoka H, Ogura T, Haba S, Mekky MA, Bhatia V, Hosoda W, Yatabe Y, Shimizu Y, Niwa Y, Tajika M, 
Kondo S, Tanaka T, Tamada K, Yamao K. Diagnostic yield of endoscopic retrograde cholangiography and of EUS-guided fine needle 
aspiration sampling in gallbladder carcinomas. J Hepatobiliary Pancreat Sci 2012; 19: 650-655 [PMID: 22127498 DOI: 
10.1007/s00534-011-0482-6]

6 Ross M, Brown M, McLaughlin K, Atkinson P, Thompson J, Powelson S, Clark S, Lang E. Emergency physician-performed ultrasound to 
diagnose cholelithiasis: a systematic review. Acad Emerg Med 2011; 18: 227-235 [PMID: 21401784 DOI: 10.1111/j.1553-2712.2011.01012.x]

7 Sharma M, Somani P, Sunkara T. Imaging of gall bladder by endoscopic ultrasound. World J Gastrointest Endosc 2018; 10: 10-15 [PMID: 
29375736 DOI: 10.4253/wjge.v10.i1.10]

8 Lindner HH.   Clinical anatomy. Norwalk, Conn: Appleton & Lange
9 Welling TH, Simeone DM.   Gallbladder and Biliary Tract: Anatomy and Structural Anomalies. In: Yamada T, editor. Textbook of 

Gastroenterology. 1st ed. Wiley, 2008; 1940–1951 [DOI: 10.1002/9781444303254.ch73]
10 Rashid A, Mushtaque M, Bali RS, Nazir S, Khuroo S, Ishaq S. Artery to Cystic Duct: A Consistent Branch of Cystic Artery Seen in 

Laparoscopic Cholecystectomy. Anat Res Int 2015; 2015: 847812 [PMID: 26240761 DOI: 10.1155/2015/847812]
11 Hijioka S, Nagashio Y, Ohba A, Maruki Y, Okusaka T. The Role of EUS and EUS-FNA in Differentiating Benign and Malignant Gallbladder 

Lesions. Diagnostics (Basel) 2021; 11 [PMID: 34573929 DOI: 10.3390/diagnostics11091586]
12 Fujita N, Noda Y, Kobayashi G, Kimura K, Yago A, Mochizuki F. Analysis of the Layer Structure of the Gallbladder Wall Delineated by 

Endoscopic Ultrasound Using the Pinning Method. Digest Endosc 1995; 7: 353-356 [DOI: 10.1111/j.1443-1661.1995.tb00387.x]
13 Tanaka K, Katanuma A, Hayashi T, Kin T, Takahashi K. Role of endoscopic ultrasound for gallbladder disease. J Med Ultrason (2001) 2021; 

48: 187-198 [PMID: 32661803 DOI: 10.1007/s10396-020-01030-w]
14 Bonatti M, Vezzali N, Lombardo F, Ferro F, Zamboni G, Tauber M, Bonatti G. Gallbladder adenomyomatosis: imaging findings, tricks and 

pitfalls. Insights Imaging 2017; 8: 243-253 [PMID: 28127678 DOI: 10.1007/s13244-017-0544-7]
15 Hashimoto S, Nakaoka K, Kawabe N, Kuzuya T, Funasaka K, Nagasaka M, Nakagawa Y, Miyahara R, Shibata T, Hirooka Y. The Role of 

Endoscopic Ultrasound in the Diagnosis of Gallbladder Lesions. Diagnostics (Basel) 2021; 11 [PMID: 34679486 DOI: 
10.3390/diagnostics11101789]

16 Choi CS, Ku YJ, Yoon DY, Yun EJ, Seo YL, Lim KJ, Baek S, Bae SH, Nam ES. Harmonic ultrasonography for the detection of microlithiasis 
in the gallbladder. Ultrasonography 2014; 33: 275-282 [PMID: 25060185 DOI: 10.14366/usg.14024]

17 Wang HH, Portincasa P, Liu M, Tso P, Wang DQ. Similarities and differences between biliary sludge and microlithiasis: Their clinical and 
pathophysiological significances. Liver Res 2018; 2: 186-199 [PMID: 34367716 DOI: 10.1016/j.livres.2018.10.001]

18 Thorbøll J, Vilmann P, Jacobsen B, Hassan H. Endoscopic ultrasonography in detection of cholelithiasis in patients with biliary pain and 
negative transabdominal ultrasonography. Scand J Gastroenterol 2004; 39: 267-269 [PMID: 15074397 DOI: 10.1080/00365520310008377]

19 Mirbagheri SA, Mohamadnejad M, Nasiri J, Vahid AA, Ghadimi R, Malekzadeh R. Prospective evaluation of endoscopic ultrasonography in 
the diagnosis of biliary microlithiasis in patients with normal transabdominal ultrasonography. J Gastrointest Surg 2005; 9: 961-964 [PMID: 
16137592 DOI: 10.1016/j.gassur.2005.03.002]

20 Neff LP, Mishra G, Fortunato JE, Laudadio J, Petty JK. Microlithiasis, endoscopic ultrasound, and children: not just little gallstones in little 
adults. J Pediatr Surg 2011; 46: 462-466 [PMID: 21376193 DOI: 10.1016/j.jpedsurg.2010.09.007]

21 Ardengh JC, Malheiros CA, Rahal F, Pereira V, Ganc AJ. Microlithiasis of the gallbladder: role of endoscopic ultrasonography in patients 
with idiopathic acute pancreatitis. Rev Assoc Med Bras (1992) 2010; 56: 27-31 [PMID: 20339782 DOI: 10.1590/S0104-42302010000100011]

22 Saleem S, Weissman S, Gonzalez H, Rojas PG, Inayat F, Alshati A, Gaduputi V. Post-cholecystectomy syndrome: a retrospective study 
analysing the associated demographics, aetiology, and healthcare utilization. Transl Gastroenterol Hepatol 2021; 6: 58 [PMID: 34805580 DOI: 
10.21037/tgh.2019.11.08]

23 Sezeur A, Akel K. Cystic duct remnant calculi after cholecystectomy. J Visc Surg 2011; 148: e287-e290 [PMID: 21816699 DOI: 
10.1016/j.jviscsurg.2011.06.001]

24 Mohamadnejad M, Hashemi SJ, Zamani F, Baghai-Wadji M, Malekzadeh R, Eloubeidi MA. Utility of endoscopic ultrasound to diagnose 
remnant stones in symptomatic patients after cholecystectomy. Endoscopy 2014; 46: 650-655 [PMID: 24977399 DOI: 
10.1055/s-0034-1365721]

25 Vila JJ. Endoscopic ultrasonography and idiopathic acute pancreatitis. World J Gastrointest Endosc 2010; 2: 107-111 [PMID: 21160725 DOI: 
10.4253/wjge.v2.i4.107]

26 Wan J, Ouyang Y, Yu C, Yang X, Xia L, Lu N. Comparison of EUS with MRCP in idiopathic acute pancreatitis: a systematic review and 
meta-analysis. Gastrointest Endosc 2018; 87: 1180-1188.e9 [PMID: 29225082 DOI: 10.1016/j.gie.2017.11.028]

27 Myers RP, Shaffer EA, Beck PL. Gallbladder polyps: epidemiology, natural history and management. Can J Gastroenterol 2002; 16: 187-194 
[PMID: 11930198 DOI: 10.1155/2002/787598]
Dyrla P, Gil J, Niemczyk S, Saracyn M, Kosik K, Czarkowski S, Lubas A. The use of endoscopic ultrasonography in the detection and 
differentiation of pathology in the wall of the upper gastrointestinal tract. Prz Gastroenterol 2018; 13: 30-34 [PMID: 29657608 DOI: 

28

https://dx.doi.org/10.1055/s-0043-1777341
http://www.ncbi.nlm.nih.gov/pubmed/20095294
https://dx.doi.org/10.7861/clinmedicine.9-6-539
http://www.ncbi.nlm.nih.gov/pubmed/38515947
https://dx.doi.org/10.3748/wjg.v30.i7.742
http://www.ncbi.nlm.nih.gov/pubmed/8801211
https://dx.doi.org/10.1136/gut.38.2.277
http://www.ncbi.nlm.nih.gov/pubmed/22127498
https://dx.doi.org/10.1007/s00534-011-0482-6
http://www.ncbi.nlm.nih.gov/pubmed/21401784
https://dx.doi.org/10.1111/j.1553-2712.2011.01012.x
http://www.ncbi.nlm.nih.gov/pubmed/29375736
https://dx.doi.org/10.4253/wjge.v10.i1.10
https://dx.doi.org/10.1002/9781444303254.ch73
http://www.ncbi.nlm.nih.gov/pubmed/26240761
https://dx.doi.org/10.1155/2015/847812
http://www.ncbi.nlm.nih.gov/pubmed/34573929
https://dx.doi.org/10.3390/diagnostics11091586
https://dx.doi.org/10.1111/j.1443-1661.1995.tb00387.x
http://www.ncbi.nlm.nih.gov/pubmed/32661803
https://dx.doi.org/10.1007/s10396-020-01030-w
http://www.ncbi.nlm.nih.gov/pubmed/28127678
https://dx.doi.org/10.1007/s13244-017-0544-7
http://www.ncbi.nlm.nih.gov/pubmed/34679486
https://dx.doi.org/10.3390/diagnostics11101789
http://www.ncbi.nlm.nih.gov/pubmed/25060185
https://dx.doi.org/10.14366/usg.14024
http://www.ncbi.nlm.nih.gov/pubmed/34367716
https://dx.doi.org/10.1016/j.livres.2018.10.001
http://www.ncbi.nlm.nih.gov/pubmed/15074397
https://dx.doi.org/10.1080/00365520310008377
http://www.ncbi.nlm.nih.gov/pubmed/16137592
https://dx.doi.org/10.1016/j.gassur.2005.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21376193
https://dx.doi.org/10.1016/j.jpedsurg.2010.09.007
http://www.ncbi.nlm.nih.gov/pubmed/20339782
https://dx.doi.org/10.1590/S0104-42302010000100011
http://www.ncbi.nlm.nih.gov/pubmed/34805580
https://dx.doi.org/10.21037/tgh.2019.11.08
http://www.ncbi.nlm.nih.gov/pubmed/21816699
https://dx.doi.org/10.1016/j.jviscsurg.2011.06.001
http://www.ncbi.nlm.nih.gov/pubmed/24977399
https://dx.doi.org/10.1055/s-0034-1365721
http://www.ncbi.nlm.nih.gov/pubmed/21160725
https://dx.doi.org/10.4253/wjge.v2.i4.107
http://www.ncbi.nlm.nih.gov/pubmed/29225082
https://dx.doi.org/10.1016/j.gie.2017.11.028
http://www.ncbi.nlm.nih.gov/pubmed/11930198
https://dx.doi.org/10.1155/2002/787598
http://www.ncbi.nlm.nih.gov/pubmed/29657608


Okasha HH et al. EUS examination of the gallbladder

WJR https://www.wjgnet.com 194 June 28, 2024 Volume 16 Issue 6

10.5114/pg.2018.74560]
29 French DG, Allen PD, Ellsmere JC. The diagnostic accuracy of transabdominal ultrasonography needs to be considered when managing 

gallbladder polyps. Surg Endosc 2013; 27: 4021-4025 [PMID: 23749271 DOI: 10.1007/s00464-013-3033-1]
30 Azuma T, Yoshikawa T, Araida T, Takasaki K. Differential diagnosis of polypoid lesions of the gallbladder by endoscopic ultrasonography. 

Am J Surg 2001; 181: 65-70 [PMID: 11248179 DOI: 10.1016/s0002-9610(00)00526-2]
31 Sugiyama M, Atomi Y, Yamato T. Endoscopic ultrasonography for differential diagnosis of polypoid gall bladder lesions: analysis in surgical 

and follow up series. Gut 2000; 46: 250-254 [PMID: 10644321 DOI: 10.1136/gut.46.2.250]
32 Choi WB, Lee SK, Kim MH, Seo DW, Kim HJ, Kim DI, Park ET, Yoo KS, Lim BC, Myung SJ, Park HJ, Min YI. A new strategy to predict 

the neoplastic polyps of the gallbladder based on a scoring system using EUS. Gastrointest Endosc 2000; 52: 372-379 [PMID: 10968853 DOI: 
10.1067/mge.2000.108041]

33 Elmasry M, Lindop D, Dunne DF, Malik H, Poston GJ, Fenwick SW. The risk of malignancy in ultrasound detected gallbladder polyps: A 
systematic review. Int J Surg 2016; 33 Pt A: 28-35 [PMID: 27465099 DOI: 10.1016/j.ijsu.2016.07.061]

34 Sadamoto Y, Oda S, Tanaka M, Harada N, Kubo H, Eguchi T, Nawata H. A useful approach to the differential diagnosis of small polypoid 
lesions of the gallbladder, utilizing an endoscopic ultrasound scoring system. Endoscopy 2002; 34: 959-965 [PMID: 12471539 DOI: 
10.1055/s-2002-35859]

35 Ma NQ, Lv HY, Bi J, Yu FX, Huang XM. A scoring system for gallbladder polyps based on the cross-sectional area and patient characteristics. 
Asian J Surg 2022; 45: 332-338 [PMID: 34147329 DOI: 10.1016/j.asjsur.2021.05.048]

36 Park CH, Chung MJ, Oh TG, Park JY, Bang S, Park SW, Kim H, Hwang HK, Lee WJ, Song SY. Differential diagnosis between gallbladder 
adenomas and cholesterol polyps on contrast-enhanced harmonic endoscopic ultrasonography. Surg Endosc 2013; 27: 1414-1421 [PMID: 
23233003 DOI: 10.1007/s00464-012-2620-x]

37 Kamaya A, Fung C, Szpakowski JL, Fetzer DT, Walsh AJ, Alimi Y, Bingham DB, Corwin MT, Dahiya N, Gabriel H, Park WG, Porembka 
MR, Rodgers SK, Tublin ME, Yuan X, Zhang Y, Middleton WD. Management of Incidentally Detected Gallbladder Polyps: Society of 
Radiologists in Ultrasound Consensus Conference Recommendations. Radiology 2022; 305: 277-289 [PMID: 35787200 DOI: 
10.1148/radiol.213079]

38 Fujita N, Noda Y, Kobayashi G, Kimura K, Yago A. Diagnosis of the depth of invasion of gallbladder carcinoma by EUS. Gastrointest 
Endosc 1999; 50: 659-663 [PMID: 10536322 DOI: 10.1016/s0016-5107(99)80015-7]

39 Sadamoto Y, Kubo H, Harada N, Tanaka M, Eguchi T, Nawata H. Preoperative diagnosis and staging of gallbladder carcinoma by EUS. 
Gastrointest Endosc 2003; 58: 536-541 [PMID: 14520286 DOI: 10.1067/s0016-5107(03)01961-8]

40 Hammad AY, Miura JT, Turaga KK, Johnston FM, Hohenwalter MD, Gamblin TC. A literature review of radiological findings to guide the 
diagnosis of gallbladder adenomyomatosis. HPB (Oxford) 2016; 18: 129-135 [PMID: 26902131 DOI: 10.1016/j.hpb.2015.09.006]

41 Guzmán-Valdivia G. Xanthogranulomatous cholecystitis: 15 years' experience. World J Surg 2004; 28: 254-257 [PMID: 14961199 DOI: 
10.1007/s00268-003-7161-y]

42 Kamisawa T, Kaneko K, Itoi T, Ando H. Pancreaticobiliary maljunction and congenital biliary dilatation. Lancet Gastroenterol Hepatol 2017; 
2: 610-618 [PMID: 28691687 DOI: 10.1016/S2468-1253(17)30002-X]

43 Ko BM, Cha SW, Kim YS, Moon JH, Cho YD, Lee JS, Lee MS, Shim CS, Kim BS. Endosonography (EUS) for Detection of Anomalous 
Union of the Pancreaticobiliary Duct (AUPBD) in Patients with Asymptomatic Gallbladder Wall Thickening. Gastrointest Endosc 2004; 59: 
P226 [DOI: 10.1016/S0016-5107(04)01023-5]

44 Mizuguchi M, Kudo S, Fukahori T, Matsuo Y, Miyazaki K, Tokunaga O, Koyama T, Fujimoto K. Endoscopic ultrasonography for 
demonstrating loss of multiple-layer pattern of the thickened gallbladder wall in the preoperative diagnosis of gallbladder cancer. Eur Radiol 
1997; 7: 1323-1327 [PMID: 9377522 DOI: 10.1007/s003300050296]

45 Kim HJ, Park JH, Park DI, Cho YK, Sohn CI, Jeon WK, Kim BI, Choi SH. Clinical usefulness of endoscopic ultrasonography in the 
differential diagnosis of gallbladder wall thickening. Dig Dis Sci 2012; 57: 508-515 [PMID: 21879282 DOI: 10.1007/s10620-011-1870-0]

46 Imazu H, Mori N, Kanazawa K, Chiba M, Toyoizumi H, Torisu Y, Koyama S, Hino S, Ang TL, Tajiri H. Contrast-enhanced harmonic 
endoscopic ultrasonography in the differential diagnosis of gallbladder wall thickening. Dig Dis Sci 2014; 59: 1909-1916 [PMID: 24664415 
DOI: 10.1007/s10620-014-3115-5]

47 Mirbagheri SA, Haris HM, Hashemipour SV, Rezai J, Hasibi M. Su1417 The Role of EUS in the Diagnosis of Gallbladder Sludge in 
Refractory PSC: Could Therapeutic ERCP and Laparoscopic Cholecystectomy Be Helpful? A Single Center Report. Gastrointest Endosc 2011; 
73: AB259 [DOI: 10.1016/j.gie.2011.03.470]

48 Palazzo L, Hochain P, Helmer C, Cuillerier E, Landi B, Roseau G, Cugnenc PH, Barbier JP, Cellier C. Biliary varices on endoscopic 
ultrasonography: clinical presentation and outcome. Endoscopy 2000; 32: 520-524 [PMID: 10917183 DOI: 10.1055/s-2000-9009]

49 Somani P, Sharma M, Pathak A, Patil A, Kumar A. Endoscopic ultrasound of bile duct ascariasis (with video). Endosc Ultrasound 2017; 6: 
208-209 [PMID: 28621300 DOI: 10.4103/2303-9027.208153]

50 Rayapudi K, Gholami P, Olyaee M. Mirizzi syndrome with endoscopic ultrasound image. Case Rep Gastroenterol 2013; 7: 202-207 [PMID: 
23741207 DOI: 10.1159/000351170]

51 Kawakatsu M, Vilgrain V, Zins M, Vullierme M, Belghiti J, Menu Y. Radiologic features of papillary adenoma and papillomatosis of the 
biliary tract. Abdom Imaging 1997; 22: 87-90 [PMID: 9000364 DOI: 10.1007/s002619900147]

52 Meara RS, Jhala D, Eloubeidi MA, Eltoum I, Chhieng DC, Crowe DR, Varadarajulu S, Jhala N. Endoscopic ultrasound-guided FNA biopsy of 
bile duct and gallbladder: analysis of 53 cases. Cytopathology 2006; 17: 42-49 [PMID: 16417564 DOI: 10.1111/j.1365-2303.2006.00319.x]

53 Kim HJ, Lee SK, Jang JW, Kim TG, Ryu CH, Park DH, Lee SS, Seo DW, Kim MH. Diagnostic role of endoscopic ultrasonography-guided 
fine needle aspiration of gallbladder lesions. Hepatogastroenterology 2012; 59: 1691-1695 [PMID: 22591646 DOI: 10.5754/hge12271]

54 Jacobson BC, Waxman I, Parmar K, Kauffman JM, Clarke GA, Van Dam J. Endoscopic ultrasound-guided gallbladder bile aspiration in 
idiopathic pancreatitis carries a significant risk of bile peritonitis. Pancreatology 2002; 2: 26-29 [PMID: 12120002 DOI: 10.1159/000049444]

55 Tamura T, Ashida R, Kitano M. The usefulness of endoscopic ultrasound in the diagnosis of gallbladder lesions. Front Med (Lausanne) 2022; 
9: 957557 [PMID: 36106323 DOI: 10.3389/fmed.2022.957557]

56 Hirooka Y, Goto H, Ito A, Hayakawa S, Watanabe Y, Ishiguro Y, Kojima S, Hayakawa T, Naitoh Y. Contrast-enhanced endoscopic 
ultrasonography in pancreatic diseases: a preliminary study. Am J Gastroenterol 1998; 93: 632-635 [PMID: 9576461 DOI: 
10.1111/j.1572-0241.1998.179_b.x]

57 Choi JH, Seo DW, Choi JH, Park DH, Lee SS, Lee SK, Kim MH. Utility of contrast-enhanced harmonic EUS in the diagnosis of malignant 
gallbladder polyps (with videos). Gastrointest Endosc 2013; 78: 484-493 [PMID: 23642490 DOI: 10.1016/j.gie.2013.03.1328]

https://dx.doi.org/10.5114/pg.2018.74560
http://www.ncbi.nlm.nih.gov/pubmed/23749271
https://dx.doi.org/10.1007/s00464-013-3033-1
http://www.ncbi.nlm.nih.gov/pubmed/11248179
https://dx.doi.org/10.1016/s0002-9610(00)00526-2
http://www.ncbi.nlm.nih.gov/pubmed/10644321
https://dx.doi.org/10.1136/gut.46.2.250
http://www.ncbi.nlm.nih.gov/pubmed/10968853
https://dx.doi.org/10.1067/mge.2000.108041
http://www.ncbi.nlm.nih.gov/pubmed/27465099
https://dx.doi.org/10.1016/j.ijsu.2016.07.061
http://www.ncbi.nlm.nih.gov/pubmed/12471539
https://dx.doi.org/10.1055/s-2002-35859
http://www.ncbi.nlm.nih.gov/pubmed/34147329
https://dx.doi.org/10.1016/j.asjsur.2021.05.048
http://www.ncbi.nlm.nih.gov/pubmed/23233003
https://dx.doi.org/10.1007/s00464-012-2620-x
http://www.ncbi.nlm.nih.gov/pubmed/35787200
https://dx.doi.org/10.1148/radiol.213079
http://www.ncbi.nlm.nih.gov/pubmed/10536322
https://dx.doi.org/10.1016/s0016-5107(99)80015-7
http://www.ncbi.nlm.nih.gov/pubmed/14520286
https://dx.doi.org/10.1067/s0016-5107(03)01961-8
http://www.ncbi.nlm.nih.gov/pubmed/26902131
https://dx.doi.org/10.1016/j.hpb.2015.09.006
http://www.ncbi.nlm.nih.gov/pubmed/14961199
https://dx.doi.org/10.1007/s00268-003-7161-y
http://www.ncbi.nlm.nih.gov/pubmed/28691687
https://dx.doi.org/10.1016/S2468-1253(17)30002-X
https://dx.doi.org/10.1016/S0016-5107(04)01023-5
http://www.ncbi.nlm.nih.gov/pubmed/9377522
https://dx.doi.org/10.1007/s003300050296
http://www.ncbi.nlm.nih.gov/pubmed/21879282
https://dx.doi.org/10.1007/s10620-011-1870-0
http://www.ncbi.nlm.nih.gov/pubmed/24664415
https://dx.doi.org/10.1007/s10620-014-3115-5
https://dx.doi.org/10.1016/j.gie.2011.03.470
http://www.ncbi.nlm.nih.gov/pubmed/10917183
https://dx.doi.org/10.1055/s-2000-9009
http://www.ncbi.nlm.nih.gov/pubmed/28621300
https://dx.doi.org/10.4103/2303-9027.208153
http://www.ncbi.nlm.nih.gov/pubmed/23741207
https://dx.doi.org/10.1159/000351170
http://www.ncbi.nlm.nih.gov/pubmed/9000364
https://dx.doi.org/10.1007/s002619900147
http://www.ncbi.nlm.nih.gov/pubmed/16417564
https://dx.doi.org/10.1111/j.1365-2303.2006.00319.x
http://www.ncbi.nlm.nih.gov/pubmed/22591646
https://dx.doi.org/10.5754/hge12271
http://www.ncbi.nlm.nih.gov/pubmed/12120002
https://dx.doi.org/10.1159/000049444
http://www.ncbi.nlm.nih.gov/pubmed/36106323
https://dx.doi.org/10.3389/fmed.2022.957557
http://www.ncbi.nlm.nih.gov/pubmed/9576461
https://dx.doi.org/10.1111/j.1572-0241.1998.179_b.x
http://www.ncbi.nlm.nih.gov/pubmed/23642490
https://dx.doi.org/10.1016/j.gie.2013.03.1328


Okasha HH et al. EUS examination of the gallbladder

WJR https://www.wjgnet.com 195 June 28, 2024 Volume 16 Issue 6

58 Kamata K, Takenaka M, Kitano M, Omoto S, Miyata T, Minaga K, Yamao K, Imai H, Sakurai T, Nishida N, Kashida H, Chikugo T, Chiba Y, 
Nakai T, Takeyama Y, Lisotti A, Fusaroli P, Kudo M. Contrast-enhanced harmonic endoscopic ultrasonography for differential diagnosis of 
localized gallbladder lesions. Dig Endosc 2018; 30: 98-106 [PMID: 28632914 DOI: 10.1111/den.12900]

59 Ogura T, Higuchi K. Endoscopic ultrasound-guided gallbladder drainage: Current status and future prospects. Dig Endosc 2019; 31 Suppl 1: 
55-64 [PMID: 30994239 DOI: 10.1111/den.13334]

60 Itoi T, Tsuchiya T, Sofuni A, Tanaka R, Tonozuka R, Honjo M, Mukai S, Fujita M, Yamamoto K, Asai Y, Kurosawa T, Tachibana S, 
Nagakawa Y. Development of EUS-guided gallbladder drainage and current indications. Endosc Ultrasound 2018; 7: 76-78 [PMID: 29667619 
DOI: 10.4103/eus.eus_4_18]

61 Tyberg A, Saumoy M, Sequeiros EV, Giovannini M, Artifon E, Teoh A, Nieto J, Desai AP, Kumta NA, Gaidhane M, Sharaiha RZ, Kahaleh 
M. EUS-guided Versus Percutaneous Gallbladder Drainage: Isn't It Time to Convert? J Clin Gastroenterol 2018; 52: 79-84 [PMID: 28009687 
DOI: 10.1097/MCG.0000000000000786]

62 Perez-Miranda M. Technical considerations in EUS-guided gallbladder drainage. Endosc Ultrasound 2018; 7: 79-82 [PMID: 29667620 DOI: 
10.4103/eus.eus_5_18]

63 James TW, Baron TH. EUS-guided gallbladder drainage: A review of current practices and procedures. Endosc Ultrasound 2019; 8: S28-S34 
[PMID: 31897376 DOI: 10.4103/eus.eus_41_19]

64 Teoh AYB, Serna C, Penas I, Chong CCN, Perez-Miranda M, Ng EKW, Lau JYW. Endoscopic ultrasound-guided gallbladder drainage 
reduces adverse events compared with percutaneous cholecystostomy in patients who are unfit for cholecystectomy. Endoscopy 2017; 49: 130-
138 [PMID: 27875855 DOI: 10.1055/s-0042-119036]

65 Wang W, Liu B, Qi K, Shi X, Jin Z, Li Z. Efficacy and safety of endoscopic laser lithotripsy and lithotomy through the lumen-apposing metal 
stent for giant gallbladder stones. VideoGIE 2020; 5: 318-323 [PMID: 32642623 DOI: 10.1016/j.vgie.2020.03.005]

66 Larghi A, Rimbas M, Attili F, Kunda R. Endoscopic Holmium Laser Lithotripsy of Symptomatic Gallstones Through a Lumen-Apposing Self-
Expandable Metal Stent. Am J Gastroenterol 2016; 111: 1516 [PMID: 27808132 DOI: 10.1038/ajg.2016.258]

http://www.ncbi.nlm.nih.gov/pubmed/28632914
https://dx.doi.org/10.1111/den.12900
http://www.ncbi.nlm.nih.gov/pubmed/30994239
https://dx.doi.org/10.1111/den.13334
http://www.ncbi.nlm.nih.gov/pubmed/29667619
https://dx.doi.org/10.4103/eus.eus_4_18
http://www.ncbi.nlm.nih.gov/pubmed/28009687
https://dx.doi.org/10.1097/MCG.0000000000000786
http://www.ncbi.nlm.nih.gov/pubmed/29667620
https://dx.doi.org/10.4103/eus.eus_5_18
http://www.ncbi.nlm.nih.gov/pubmed/31897376
https://dx.doi.org/10.4103/eus.eus_41_19
http://www.ncbi.nlm.nih.gov/pubmed/27875855
https://dx.doi.org/10.1055/s-0042-119036
http://www.ncbi.nlm.nih.gov/pubmed/32642623
https://dx.doi.org/10.1016/j.vgie.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/27808132
https://dx.doi.org/10.1038/ajg.2016.258


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	EUS EXAMINATION OF THE GALLBLADDER
	Gallbladder anatomy
	Steps of GB assessment with EUS

	PRACTICAL APPLICATIONS OF EUS IN GB DISEASES
	Diagnostic implications
	Therapeutic role of EUS in the gallbladder

	LIMITATIONS OF LINEAR EUS USE IN THE DIAGNOSIS OF GALLBLADDER DISEASES
	CONCLUSION
	FOOTNOTES
	REFERENCES

