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Abstract Endoscopic ultrasound (EUS) has recently played

an increasing role in the diagnosis of gallbladder diseases.

This review aims to summarize the role of EUS in the

diagnosis of gallbladder lesions. EUS provides high-reso-

lution images that can improve the diagnosis of gallbladder

polypoid lesions and microlithiasis, in addition to evaluating

gallbladder thickness and staging of gallbladder carcinoma.

Contrast-enhancing agents may be useful for the differential

diagnosis of gallbladder lesions, but the evidence of their

effectiveness is still limited and further studies are required

in this area to establish its usefulness. Endoscopic ultrasound

combined with fine needle aspiration has played an

increasing role in providing histological diagnosis of gall-

bladder tumors in addition to gallbladder thickening.
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Introduction

Diseases of the gallbladder are relatively common, with the

most common pathology, cholelithiasis, affecting 10–15 %

of the population [1]. Other conditions such as gallbladder

polyp are found in around 5 % of the world population,

while gallbladder cancer has an incidence of approximately

2 per 100,000 population worldwide [1] to 7 in 100,000

population in Japan [2]. Although not a common gall-

bladder pathology, the prognosis of gallbladder carcinoma

is often dismal as a result of late diagnosis [1], with only

10 % of patients being candidates for curative resection at

the initial presentation [3].

Endoscopic ultrasound (EUS) plays an increasing role in

the diagnosis of pancreatobiliary diseases, with advantages

over the other modalities including proximity of the

ultrasound probe to the region of interest, real-time imag-

ing of the lesions, evaluation of the vascularity using

contrast-enhanced study, and the ability for tissue acqui-

sition and therapeutic interventions. The role of EUS in the

diagnosis of gallbladder lesions has been demonstrated in

many studies, and this review aims to summarize the role

of EUS in the diagnosis of gallbladder pathologies. To

achieve this, a search was conducted of English language

human studies listed in the PubMed database that were

published between 1996 and 2015. The following key-

words were used in combination with EUS: gallbladder,

gallbladder polyp, gallbladder thickening, adenomy-

omatosis, gallbladder carcinoma, microlithiasis, contrast-

enhanced ultrasound of gallbladder, staging gallbladder

carcinoma, and gallbladder EUS-FNA. References of

subsequently identified articles were also examined for

potentially relevant studies.

Transabdominal versus endoscopic ultrasound

in the detection of gallbladder lesions

Transabdominal ultrasound (TUS) is the primary screening

modality for hepatobiliary diseases. Despite its excellent

safety profile and wide availability, TUS has a sensitivity of
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only 66 % but 100 % specificity in distinguishing between

gallbladder polyps and calculi [4]. The sensitivity of TUS in

the detection of polypoid lesions of the gallbladder ranges

from 36 to 99 % depending on the presence of gallstones

[5, 6]. TUS still has some difficulty in identifying particu-

larly small gallbladder lesions and microlithiasis [7].

EUS is considered superior to TUS for imaging of the

biliary system because of its ability to achieve closer

proximity and obtain higher resolution images using higher

ultrasound frequencies than conventional ultrasonography

(5–12 versus 2–5 MHz). The benefit of EUS was demon-

strated in the diagnosis of small (\2 cm) polypoid lesions

[8–11], which increased the diagnostic sensitivity to up to

91.7 % and specificity to up to 87.7 % when compared

with TUS (sensitivity of 54.2 % and specificity of 53.8 %)

[9]. In a separate study, EUS showed higher specificity and

comparable sensitivity to TUS in diagnosing neoplastic

lesions [11]. The difference in sensitivity between TUS and

EUS could be overcome using high-resolution transab-

dominal ultrasound with a high frequency (2.5–7 MHz).

This showed similar diagnostic efficacy to EUS, computed

tomography (CT), or magnetic resonance imaging (MRI)

[12, 13]. However, there have been only a few studies that

have used high-resolution ultrasound, all of which origi-

nated from the same institute.

The benefit of using EUS over TUS has been best

demonstrated in the diagnosis of microlithiasis. Using

EUS, gallbladder sludge or microlithiasis could be detected

in 52.4–94.2 % of cases that had a negative result on TUS

[14–16]. EUS demonstrated a 92.6–100 % sensitivity and

55.6–91 % specificity for the diagnosis of gallbladder

microlithiasis [7, 14]. In most of these cases, the gallstones

were located at the gallbladder infundibulum [16], which is

difficult to effectively visualize with TUS.

Differential diagnosis of gallbladder polypoid lesions

and gallbladder thickening

The gallbladder wall is composed of four layers: mucosa,

lamina propria, muscularis propria, and serosa. Polypoid

lesions of the gallbladder are defined as elevated mucosal

lesions of the gallbladder, which include both neoplastic

and non-neoplastic lesions [17, 18]. Gallbladder wall

thickening is defined as the gallbladder wall measuring

more than 3 mm, and can be the result of various processes

[19]. Gallbladder wall thickening in adenomyomatosis

involves hyperplasia of mucosa and muscularis propria

(Fig. 1), while cholesterol polyps involve the lamina pro-

pria with sparing of the mucosal layer (Fig. 2) [18]. As

these lesions are frequently incidental findings during

abdominal examinations, the differential diagnosis between

benign lesions such as cholesterol polyps and the early

stage of gallbladder carcinoma is crucial.

EUS can visualize the layered structure of the gall-

bladder and provide high-resolution images using high

ultrasound frequencies. Akatsu et al. [20] described the

usefulness of EUS in the differential diagnosis of gall-

bladder lesions. In their study, the presence of hyperechoic

spots and multiple microcysts was an important indicator

of non-neoplastic lesions. In contrast, the presence of

hypoechoic foci strongly predicted neoplastic lesions in a

separate retrospective study [21]. In another study, a

granular contour and spotty internal echo pattern in

pedunculated polypoid lesions indicated benign pathology,

which sometimes disappeared during the follow-up study

[22]. In the absence of these findings, therefore, neoplastic

lesions should be suspected [11].

Some studies demonstrated that EUS had some limita-

tions in differentiating between malignant and nonmalig-

nant polyps less than 1 cm in size [10]. In one retrospective

Fig. 1 EUS image of adenomyomatosis. A sessile lesion with an

irregular surface contained an internal anechoic area representing the

Rokitansky-Aschoff sinus (arrow)

Fig. 2 EUS images of a cholesterol polyp. The conventional EUS

image showed a hyperechoic polyp with a granular surface and spotty

pattern
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review, the accuracy of EUS was lower in the lesions larger

than 2 cm in size. This may be because the larger lesions

were adenomyomatosis, xanthogranulomatous cholecysti-

tis, or tumefactive biliary sludge, which were similar in

appearance to the gallbladder carcinoma [23]. In this study,

the presence of gallbladder stones affected the diagnostic

accuracy, but the difference was not statistically

significant.

To aid diagnosis, EUS scoring systems have been pro-

posed to differentiate between benign and malignant gall-

bladder polyps. Choi et al. [24] have proposed a EUS

scoring system for differential diagnosis of gallbladder

lesions between 5 and 15 mm in size based on the layer

structure, echo patterns, margin of polyp, presence of stalk,

and number of polyps (Table 1). Using a cutoff score of 6,

the sensitivity was 81 % and the specificity was 86 % in

the differential diagnosis of neoplastic and non-neoplastic

polyps. Another scoring system was proposed by Sadamoto

et al. [25], in which the maximum diameter and internal

echo pattern were calculated. Using a cutoff score of over

12, the sensitivity and specificity were 77.8 and 82.7 %,

respectively. Both scoring systems, however, have been

applied in only one study, which reported sensitivity of 67

and 85 % and specificity of 65 and 65 %, respectively,

using Choi and Sadamoto’s scoring systems [21].

Contrast-enhanced EUS has been used to improve

diagnostic accuracy based on the different levels of vas-

cularity and blood flow that are found across different

pathologic processes. Many studies using contrast-en-

hanced EUS imaging, however, have focused on pancreatic

lesions, and there have been limited studies of contrast-

enhanced EUS in the differential diagnosis of gallbladder

polyps or gallbladder thickening [26–28].

Various descriptions of the different contrast-en-

hanced patterns between benign and malignant polyps

have been proposed, utilizing both TUS and EUS. In a

report by Hirooka using sonicated albumin, enhancement

was observed in adenocarcinomas, but not in

adenosquamous carcinomas and cholesterol polyps [26].

The later studies were based on the second-generation

contrast agents such as SonoVue� and Sonazoid�. In a

multicenter trial using transabdominal ultrasound with

SonoVue�, malignant lesions exhibited branched or

linear intralesional vessels and inhomogeneous

enhancement with rapid contrast washout before

35–36.5 s when compared with benign lesions [29, 30].

In this study, the contrast benefited most in the differ-

entiation of sludge from cancer. It also helped in iden-

tification of the lesion characteristics, assessment of

tumor extension and vascularization, and evaluation of

liver involvement. This rapidly enhanced washout pat-

tern in the contrast study was confirmed in other studies

[31], with a diffuse and eccentric pattern reported [31].

Gallbladder wall discontinuity was also an important

sign of malignancy in many studies [29–31]. Based on

these principles, contrast-enhanced EUS of the gall-

bladder should have shown a similar result. Contrast-

enhanced EUS finding of gallbladder sludge is shown in

Fig. 3.

In a EUS study by Choi, the perfusion patterns were

classified as diffuse enhancement, perfusion defect, and no

enhancement. The vessels were categorized as regular

spotty vessel, irregular vessel, or no vessels [27]. In this

study, irregular vessel pattern and perfusion defect indi-

cated malignant lesions. The sensitivity and specificity of

contrast-enhanced harmonic imaging were 93.5 and

93.2 %, respectively, versus 90.0 and 91.1 % for conven-

tional EUS. Another study by Park classified the perfusion

pattern into homogeneously enhanced, as in gallbladder

adenoma, and heterogeneously enhanced, as in cholesterol

polyp, and used them together with the size of the

lesion [28]. The sensitivity and specificity of the differen-

tial diagnosis between gallbladder adenoma and cholesterol

polyps in this study were 75.0 and 66.6 %, respectively.

Despite many studies of TUS in the differential diag-

nosis of gallbladder wall thickening, there have been only

limited studies of the role of EUS [32, 33]. Using EUS,

gallbladder thickening with loss of the multiple-layer

Table 1 The EUS scoring system for the prediction of neoplastic

polyps as proposed by Choi et al. and Sadamoto (Adapted from ref-

erence 24, 25)

Authors Evaluated items Score

Choi Layer structure

Preserved 0

Lost 6

Echo patterns

Hyperechoic spots 0

Hyperechoic homogeneous 1

Isoechoic homogeneous 2

Isoechoic heterogeneous 5

Margin of polyp

Not lobulated 0

Lobulated 4

Stalk

Pedunculated 0

Sessile 3

Number of polyps

Multiple 0

Single 2

Sadamoto Score = (maximum diameter in

mm) ? (internal echo pattern score;

heterogeneous = 4,

homogeneous = 0) ? (hyperechoic

spot[s] score; presence = -5, absence = 0)
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pattern indicated gallbladder carcinoma, while these layers

were preserved in benign gallbladder wall thickening [34].

In this study, the ability of EUS to demonstrate the gall-

bladder wall layers was superior to that of TUS, CT, or

MRI. In the study by Kim, gallbladder thickening[10 mm

and hypoechoic internal echogenicity were predictive fac-

tors for neoplastic gallbladder thickening. The role of

contrast-enhanced studies in the differential diagnosis of

benign and malignant gallbladder thickening has been

reported using TUS [32]. Malignant gallbladder thickening

demonstrated branched or linear intralesional vessels,

inhomogeneous gallbladder wall enhancement, quicker

time to hypo-enhancement, and discontinuous inner or

outer layer, and involvement of adjacent liver. Another

study by Imazu [33] using contrast-enhanced EUS in dif-

ferential diagnosis of gallbladder wall thickening demon-

strated inhomogeneous enhancement as a strong predictive

factor of malignant gallbladder wall thickening. Recently, a

retrospective study using contrast-enhanced harmonic EUS

compared to B-mode imaging in the diagnosis of

Fig. 3 EUS images of

gallbladder sludge. The

conventional EUS image

(a) showed a hyperechoic

irregular lesion in the

gallbladder. The lesion did not

show enhancement after the

Sonazoid� injection (b left

contrast-enhanced harmonic

mode, right B-mode)

Table 2 EUS classification of gallbladder carcinoma and correlation with T staging (Adapted from reference 38, 39)

Type Shape Surface Outer hyperechoic

layer

T staging

(Fujita [38])

T staging

(Sadamoto [37])

A Pedunculated Nodular Intact Tis(-1) Tis

B Broad-based protrusion or wall thickening Irregular Intact T1–2 T1

C Broad-based protrusion or wall thickening Irregular Irregular T2 T2

D Broad-based protrusion or wall thickening Irregular Disrupt T3–4 T3–4
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gallbladder lesion was reported [35]. In this study, non-

enhanced lesions and homogeneously enhanced lesions

were classified as benign, while the brindled enhanced

lesions were classified as malignant, with the sensitivity,

specificity, and accuracy being 100, 94.4, and 95.8 %,

respectively, for the prediction of malignancy. In our

Fig. 4 EUS images of

gallbladder carcinoma. The

conventional EUS image

(a) demonstrated a

pedunculated lesion with a

preserved outer hyperechoic

layer. The color Doppler image

of the lesion (b) showed color

signal at the base of the lesion.

The contrast-enhanced

harmonic image 20 s after the

injection of Sonazoid�

(c) showed inhomogeneous

hypervascularity with a

perfusion defect (arrow). The

pathology result of surgical

resection showed a well-

differentiated tubular

adenocarcinoma with Tis stage

J Med Ultrasonics (2017) 44:63–70 67

123



opinion, with limited data, EUS provided information that

might support the differential diagnosis of benign and

malignant gallbladder lesions. On the other hand, contrast-

enhanced EUS may also be useful, but the benefit of this

method over contrast-enhanced TUS is still unclear.

Staging of gallbladder carcinoma

EUS has been used in the staging of gallbladder carcinoma

as it is able to clearly demonstrate the multilayer of the

gallbladder wall structure and aids evaluation of regional

lymph node involvement [36–38]. Gallbladder carcinomas

are classified into four types, as shown in Table 2. The

accuracy of EUS classification and T staging was reported

to be 100, 75.6, 85.3 and 92.7 % according to a report by

Sadamoto [37]. EUS images of a Tis lesion and T2 lesion

are shown in Figs. 4 and 5, respectively.

EUS fine needle aspiration (EUS-FNA) or fine needle

biopsy (EUS-FNB) for the diagnosis of gallbladder

lesions

The role of EUS-FNA and EUS-FNB in tissue sampling for

various lesions has been established. However, its role in

the diagnosis of gallbladder lesions has not been eluci-

dated. Despite the fact that the utility of EUS-FNA in

gallbladder lesions has been reported for more than a

decade [39], studies based on this method have been lim-

ited, with most being case series. The accuracy of EUS-

FNA in gallbladder lesions ranged from 80 to 100 %

[39–41], which was superior to endoscopic transpapillary

gallbladder aspiration with cytology [42] or endoscopic

retrograde cholangiography-guided sampling [43]. No

immediate complication or tumor seeding was reported. In

contrast to gallbladder EUS-FNA in the setting of

Fig. 5 EUS images of

gallbladder carcinoma. The

conventional EUS image

(a) showed a sessile lesion with

a narrowed outer hyperechoic

layer. The contrast-enhanced

harmonic image after the

injection of Sonazoid�

(b) showed a hypervascular

lesion with discontinuation of

the outer layer (arrowhead).

The pathology result showed

subserosal invasion of

gallbladder carcinoma (T2)
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suspected microlithiasis [44], which has significant risk of

bile peritonitis, there has been no report of bile peritonitis

in EUS-FNA in gallbladder disease. This might have been

due to the fibrotic wall of the diseased gallbladder pre-

venting bile spillage [40], as well as the FNA technique,

which targeted the gallbladder wall and was not directly

inserted into the gallbladder.

Apart from diagnosis of gallbladder adenocarcinoma,

there have been several case reports of EUS –FNA in other

uncommon lesions of the gallbladder, such as neuroen-

docrine tumor [45], xanthomatous cholecystitis [41],

squamous cell carcinoma [46], and plasmacytoma [47].

In summary, EUS has played an increasing role in the

diagnosis and treatment of gallbladder diseases. EUS pro-

vides higher resolution images of gallbladder lesions using

the higher frequency and closer proximity to the gallblad-

der when compared to conventional TUS. Studies of con-

trast-enhanced EUS are limited, but the evidence from

contrast-enhanced TUS showed improvement of the dif-

ferential diagnosis of gallbladder carcinoma. In addition,

EUS-FNA could provide histologic diagnosis both in

gallbladder tumors and gallbladder thickening.
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