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Abstract

The Gallbladder Reporting and Data System (GB-RADS) ultrasound (US) risk stratification is proposed to improve con-
sistency in US interpretations, reporting, and assessment of risk of malignancy in gallbladder wall thickening in non-acute
setting. It was developed based on a systematic review of the literature and the consensus of an international multidiscipli-
nary committee comprising expert radiologists, gastroenterologists, gastrointestinal surgeons, surgical oncologists, medical
oncologists, and pathologists using modified Delphi method. For risk stratification, the GB-RADS system recommends
six categories (GB-RADS 0-5) of gallbladder wall thickening with gradually increasing risk of malignancy. GB-RADS is
based on gallbladder wall features on US including symmetry and extent (focal vs. circumferential) of involvement, layered
appearance, intramural features (including intramural cysts and echogenic foci), and interface with the liver. GB-RADS
represents the first collaborative effort at risk stratifying the gallbladder wall thickening. This concept is in line with the
other US-based risk stratification systems which have been shown to increase the accuracy of detection of malignant lesions
and improve management.
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GB-RADS Gallbladder reporting and data system
UsS Ultrasound

GBC Gallbladder cancer

RAS Rokitansky-Aschoff sinuses
CBD Common bile duct
Introduction

Pathologies affecting the gallbladder are among the most
common encountered in day-to-day clinical practice. These
present as a wide spectrum encompassing both benign and
malignant diseases. Gallbladder cancer (GBC) is more
common in certain regions of the world, including Mexico,
Chile, Eastern Europe, North India, and South Pakistan [1].
Advanced GBC carries a dismal prognosis [2, 3]. This poor
outcome associated with GBC is due to non-specific clini-
cal features, leading to a delay in diagnosis at a stage when
the disease is metastatic. GBC can present as gallbladder
wall thickening, polypoid intraluminal lesions, or a mass
[4]. The diagnosis of wall thickening type of GBC is chal-
lenging as gallbladder wall thickening can be encountered
in both benign and malignant conditions [5]. The ability to
appreciate the significance of wall thickening as being rep-
resentative of GBC is low at preoperative evaluation, leading
to ‘incidental’ GBC, or worse still, disease advancement and
poor prognosis [6].
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CT Computed tomography
MRI Magnetic resonance imaging

Transabdominal ultrasound (US) is a widely available,
cost-effective, radiation-free modality, which is excellent for
visualization of the gallbladder. It is the initial method of
choice for screening and identification of gallbladder pathol-
ogies, based on which further investigations are directed [7].
With technical advances, the diagnostic accuracy of US has
significantly improved over the years [8]. US is the best
suited modality for screening and risk stratification of non-
acute gallbladder wall thickening. If US findings are sugges-
tive of a benign pathology, patients can be managed with-
out further investigations, thus reducing the treatment cost,
especially in resource poor countries. On the other hand, if
US evaluation is inadequate or suspicious for GBC, further
investigations can be planned to allow further characteriza-
tion of the observed lesion.

We, thus, conducted an International Consensus for the
proposal of a risk stratification system for gallbladder wall
thickening (gallbladder reporting and data system: GB-
RADS) in non-acute setting on US. This concept is in line
with the existing reporting and data systems for other organs.
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Data collection
Rationale and scope

Even though gallbladder wall thickening is a common find-
ing on US, there are no existing reporting and risk stratifi-
cation systems. This leads to significant variability in US
reporting of gallbladder abnormalities [9]. This International
Consensus was conducted to develop objective guidelines
for reporting and risk stratification of gallbladder wall abnor-
malities in non-acute setting on US based on the existing
literature and expert opinion. The goal is early detection
and hence improved outcomes in patients with GBC. These
recommendations are intended to guide practitioners who
perform US assessment of gallbladder wall thickening. They
should not be considered as standards.

Consensus process

GB-RADS encompassed several stages, aiming to system-
atically reach International Consensus on the US findings
defining the risk of malignancy in non-acute gallbladder
wall thickening. In the first instance, a systematic review
of the literature using PubMed and Embase databases was
performed (Supplementary material). The protocol was reg-
istered in PROSPERO (international register for systematic
reviews with the registration number CRD42020204625).
The data extracted from the systematic review guided the
organization of the subtopics and informed subsequent lit-
erature selection. The GB-RADS was achieved through a
Delphi-like consensus using multidisciplinary team mem-
bers from Asia, Europe, Australia as well as North and South
America, in a combination of electronic and web-based
rounds. The consensus statements were formulated by a
multidisciplinary panel comprising 40 international special-
ists in Radiology, Gastroenterology, (medical and surgical),
Oncology (medical and surgical), and Pathology. Members
of the panel were selected because of their experience, publi-
cation track-record, and knowledge in hepatobiliary diseases.

A core committee comprising nine experts developed the
first draft of survey statements. These statements were sent
via email to the panel of experts for voting. A statement
was accepted if 80% of participants voted 3 (agree) or 4
(strongly agree) on a scale of 1-4 (with 1 and 2 indicating
strongly disagree and disagree, respectively). Statements
not achieving agreement were further revised and subjected
to the second round of voting. Finally, a web meeting was
conducted in January 2021 to discuss statements for which
consensus was not reached after two rounds (Supplementary
Tables S1-S5). Based on this web meeting, the GB-RADS

working group has defined six categories for risk stratifica-
tion. These include GB-RADS 0—incomplete evaluation;
GB-RADS 1—normal appearance; GB-RADS 2—benign;
GB-RADS 3—equivocal; GB-RADS 4—malignancy is
likely; and GB-RADS 5—malignancy is highly likely. The
probability of malignancy in each GB-RADS category was
based on the literature review (as a part of systematic review
discussed above) and expert consensus.

The manuscript was drafted by the core committee and
was critically reviewed and approved by every author.

Technical aspects

US of the gallbladder should be done after at least 6 h of fast-
ing [10]. Evaluation is preferably performed with a convex
transducer (frequency range, 1-5 MHz). Additional evalua-
tion with a higher frequency (6—12 MHz) linear transducer
should be performed when the evaluation with the convex
transducer is equivocal or in thin built patients where the
abnormality falls in the near field. While performing US of
the gallbladder, the patients’ position should be changed to
lateral decubitus, and if required to semi-recumbent or erect
to visualize all parts of the gallbladder and demonstrate the
mobile intraluminal contents [11, 12]. Different insonation
angles should be utilized to evaluate the gallbladder com-
pletely. Gallbladder evaluation should be done in sagittal as
well as axial planes. The focus and depth should be adjusted
to allow accurate assessment of mural characteristics.

Gallbladder US lexicon (Table 1)

A. Gallbladder lumen
Gallbladder distension

The gallbladder distension is considered adequate if the
lumen contains sufficient bile on visual assessment to permit
a complete evaluation of the wall and lumen (Supplementary
Fig. S2). The gallbladder should be defined as contracted
when it is visibly small precluding complete assessment
of the wall and/or lumen. Gallbladder is distended in the
fasting state. In addition, there is reduced bowel gas in the
fasting state which provides an optimal acoustic window
[10]. A contracted gallbladder gives falsely higher values of
the gallbladder wall thickness [13]. Also, there is a greater
possibility of missing a malignancy on US in a contracted
gallbladder [14].

@ Springer
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Table 1 GB-RADS lexicon

Feature Category Definition
Intraluminal changes
Distension Adequate Lumen contains enough bile on visual assessment to allow complete evaluation of the
wall and the lumen
Contracted Visibly small gallbladder precluding the complete assessment of the wall and/or lumen
Intraluminal contents Calculus
Sludge
Tumor
Mural changes
Symmetry of wall thickening Symmetric Entire wall is uniform in thickness
Asymmetric One part of the wall is thickened more than the rest of the wall
Extent of involvement Focal Limited to a part of the wall
Diffuse Entire wall is involved
Site of thickening Neck
Body
Fundus

Peritoneal aspect
Hepatic aspect
Present

Absent
Echogenic foci

Mural layering

Intramural changes
Intramural cysts
Distinct
Indistinct

Interface with liver

Visualization of inner and outer layers

Bright spot with or without comet tail artifact within the gallbladder wall
Anechoic spaces in wall

Sharp transition from the gallbladder wall to the liver

Transition from the gallbladder wall to the liver is not clearly seen

Luminal contents

The lumen of the gallbladder should be assessed for calculi,
sludge, and tumor.

The presence of gallstones is associated with both benign
and malignant pathologies of the gallbladder. Gallstones
play an important role in the etiopathogenesis of various
diseases and should be reported to advise appropriate man-
agement. Benign gallbladder diseases have been associated
with a higher incidence of gallstones than GBC in a few
studies [15, 16]. However, a few studies suggest a higher
malignancy risk in the presence of gallstones [17-19].
Although the number of gallstones does not affect the
chances of malignant disease, the size of the gallstone does,
as larger stones have been associated with increased risk
of malignancy [20, 21]. Furthermore, larger stones can get
impacted leading to cholecystitis. Being highly reflective
echogenic structures with associated posterior acoustic
shadowing, gallstones (when large or numerous) can limit
complete evaluation of the gallbladder wall. Biliary sludge is
seen as homogeneous low-level echoes along the dependent
lumen of the gallbladder. Sometimes there is impaction of
the sludge giving the appearance of an intraluminal lesion
which can mimic malignancy [22]. Color flow with Doppler
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waveform assessment may help confirm the lack of vascular-
ity in cases of tumefactive sludge [22].

B. Gallbladder wall
Degree of wall thickness

The wall thickness should be measured from the inner aspect
of mucosa (inner hyperechoic layer) to the outer aspect of
outer connective tissue layer (outer hyperechoic layer). Wall
thickness should be reported in millimeters. In symmetrical
circumferential thickening, wall thickness can be measured
at any point, whereas in cases of focal thickening, measure-
ment should be obtained at the thickest point. The normal
gallbladder wall is thin, smooth, and measures <3 mm in
thickness [23-25]. The degree of gallbladder wall thicken-
ing encountered in gallbladder pathologies is highly variable
[26-28]. Other features of thickening including symmetry,
intramural features, and interface with liver and other adja-
cent structures should be considered for risk stratification.

Extent and symmetry of wall thickening

Wall thickening should be categorized as either circum-
ferential or focal. Circumferential thickening is defined as
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the involvement of the entire wall of the gallbladder. Focal
thickening refers to thickening limited to a portion of the
wall. The entire gallbladder wall should be assessed for sym-
metry of the thickening. Wall thickening is considered sym-
metrical if the entire wall is uniform in thickness, while it
is considered asymmetrical if one part of the wall is visibly
more thickened than the rest of the wall. Symmetrical wall
thickening is a common manifestation of benign diseases.
However, it can sometimes be encountered in malignant dis-
eases [29, 30].

Site of thickening

The site of thickening should be mentioned. The thickening
can be present at the fundus, body, or neck of the gallblad-
der. The involvement of hepatic or peritoneal aspects should
be reported. Fundal thickening is usually well appreciated.
Often the thickening at the neck of the gallbladder can be
overlooked if not carefully examined. Although there is no
site predilection of benign or malignant thickening, infiltra-
tive GBCs are more commonly located in the region of the
neck [31]. Thickening at the neck is more likely to cause
biliary obstruction due to its close approximation to the
liver hilum. Involvement of the hepatic surface leads to early
direct invasion of the adjacent liver parenchyma. In contrast,
the involvement of the peritoneal surface leads to early peri-
toneal spread of the disease via peritoneal ligaments or lym-
phatics [32]. Also, the likelihood of involvement of adjacent
organs including colon, duodenum, and stomach increases
when disease occurs along the peritoneal surface [33, 34].

Gallbladder wall layered appearance
Layered appearance of the gallbladder wall thickening is

defined as the visualization of the inner and outer layers of
the gallbladder (Supplementary Fig. S1). Intact echogenic

mucosal lining with an associated hypoechoic outer wall
(predominantly due to associated edema in deeper layers)
produces a layered appearance favoring benign pathology
[35, 36]. Most of the gallbladder wall malignancies are
epithelial in origin [37, 38]. The mucosa is disrupted with
infiltration into deeper layers leading to loss of the layered
appearance of the wall [8].

Intramural changes

Intramural changes including echogenic foci and/or cysts
within the gallbladder wall should be assessed (Fig. 1).
Echogenic foci are seen as a bright spot with, or without,
comet tail artifact (triangular acoustic enhancement poste-
rior to the echogenic focus-a form of reverberation artifact)
within the gallbladder wall, while intramural cysts appear
as anechoic spaces. Intramural cysts and echogenic foci are
commonly encountered in benign gallbladder disease. Intra-
mural cysts are sonographic evidence of Rokitansky-Aschoff
sinuses (RAS), while the echogenic mural foci correspond
to the cholesterol deposition/intramural calcification within
the RAS [39, 40]. They can be seen in both circumferential
as well as focal wall thickening.

Interface with liver

The interface of the gallbladder with the liver is said to be
distinct when there is a sharp transition from the gallblad-
der wall to the liver (Fig. 2). At the hepatic surface of the
gallbladder, there is a lack of peritoneal covering causing
direct contact of the gallbladder wall with the adjacent liver
parenchyma. However, the interface between the two struc-
tures is sharply demarcated on US. An indistinct interface
between gallbladder wall and liver has significant associa-
tion with malignancy [41, 42]. The presence of definitive
extramural lesions within the liver parenchyma with adjacent

Fig. 1 Intramural echogenic foci and cysts. a Focal gallbladder wall thickening with intramural echogenic foci (arrows). b Diffuse gallbladder
wall thickening with intramural echogenic foci (arrows). ¢ Diffuse gallbladder wall thickening with intramural cysts (arrows)
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Fig.2 Interface with liver. a
Distinct interface. Gallbladder
is distended with calculi in the
lumen (short arrow) and layered
gallbladder wall thickening
(note that the inner and outer
layers of the gallbladder are
distinctly seen). The interface
of the thickened gallbladder
with liver and the duodenum
(arrow) are distinct. b Indistinct
interface. Asymmetric mural
thickening (arrow) is showing
indistinct interface with the
liver (short arrows)

gallbladder wall thickening suggests locally advanced malig-
nancy [2].

GB-RADS categories (Table 2)

GB-RADS should be applied after exclusion of acute chole-
cystitis, systemic, hepatic, and other extracholecystic causes
of gallbladder wall thickening (including cardiac disease,
chronic liver disease, hepatitis, viral illness). GB-RADS
categorization is applicable to gallbladders with or without
stones.

GB-RADS 0

Incomplete gallbladder evaluation due to technical, patient,
or gallbladder-related factors.

Technical and patient-related factors include but are lim-
ited to morbid obesity, marked liver steatosis, recent upper
abdominal surgery or chest wall abnormalities resulting in
an inadequate acoustic window, and debilitated patients
who cannot change position for adequate visualization of
the entire gallbladder. Gallbladder evaluation may also be
incomplete due to several gallbladder-related features. A
contracted gallbladder can obscure as well as lead to false
suspicion of abnormality. If a thickened contracted gallblad-
der is due to inadequate fasting, repeat evaluation after fast-
ing should be performed. The wall-echo-shadow complex
implies that a single large stone or multiple small stones
have completely filled the gallbladder lumen and most of
the gallbladder wall is obscured (Fig. 3). The other scenarios
include but are not limited to air or hemorrhage within the
gallbladder lumen (in the setting of emphysematous or gan-
grenous cholecystitis, post endoscopic retrograde cholan-
giopancreatography status, or other biliary interventions),
porcelain gallbladder, and variations of gallbladder position.
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Comments: It is important to identify and mention the
factors related to the gallbladder which preclude complete
US evaluation.

GB-RADS 1-4

GB-RADS 1-4 is based on gallbladder wall features on US
including symmetry and extent (focal vs. circumferential)
of involvement, layered appearance, intramural features
(including intramural cysts and echogenic foci), and inter-
face with the liver (Figs. 4, 5, 6).

GB-RADS 5

GB-RADS 5 is assigned to gallbladder wall thickening that
shows definite extramural extension in addition to the fea-
tures of GB-RADS 4 (Supplementary Fig. S3).

The definition, US features, probability of malignancy,
and management based on GB-RADS categories is given in
Table 2. A reporting format is proposed in Table 3.

Discussion

GB-RADS represents the first collaborative effort at risk
stratification of non-acute gallbladder wall thickening. The
multidisciplinary committee comprising experts from differ-
ent specialties identified the key US features, based on avail-
able scientific literature and multiple rounds of discussion,
that help to stratify the risk of malignancy in gallbladder
wall thickening. Within each risk category, the committee
proposed the probability of malignancy and management
strategy. The risk stratification of gallbladder wall thickening
represents an unmet need to manage patients with gallblad-
der diseases. Of particular interest to the experts involved
in the care of patients with GBC is that almost one-third
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Table2 GB-RADS categories

GB- Risk category Lexicon descriptors Probability =~ Management
RADS of malig-
score nancy
0 Inadequate evaluation due to techni-  Few examples - Repeat ultrasound in selected cases.
cal or patient factors or gallbladder-  \orbid obesity Consider multiphasic contrast
related factors enhanced CT/MRI after multidiscipli-
Wall-echo-shadow complex . .
nary discussion
Porcelain gallbladder
Gas in the gallbladder lumen
1 Normal Adequate gallbladder distension - No additional imaging or follow-up is
Wall thickness <3 mm needed
2 Benign Symmetric circumferential thickening <2% No additional imaging or follow-up
with or without intramural changes needed
or focal thickening with intramural
changes
Layered appearance
Preserved interface with liver
3 Equivocal Circumferential thickening without 2-50% Consider multiphasic contrast enhanced
layered appearance CT/MRI after multidisciplinary
Focal thickening without intramural discussion
features (cysts or echogenic foci) or
layered appearance
Distinct interface with liver
4 Malignancy is likely Circumferential or focal thickening 50-90% Multiphasic contrast enhanced CT/MRI
without layered appearance and
with loss of interface with liver
5 Malignancy is highly likely Same as GB-RADS 4 with definite >90% Multiphasic contrast enhanced CT/MRI

extramural invasion as suggested by

one of the following:

Biliary or vascular involvement by
direct extension of mural thickening

Liver mass in contiguity with the

mural thickening

CT computed tomography, MRI magnetic resonance imaging, US ultrasonography

of patients with GBC may present with gallbladder wall
thickening that needs accurate risk categorization on initial
imaging [33]. As US represents the initial imaging test of
choice for patients with suspected gallbladder diseases, GB-
RADS is a significant step towards improving objectivity
and accuracy of reporting gallbladder wall abnormalities and
identifying patients who are likely to harbor GBC and may
benefit from further imaging.

The initial part of the document proposed the reporting
lexicon for patients with gallbladder thickening. A wide
array of terms has been used to describe the characteris-
tics of the gallbladder in patients with gallbladder wall
thickening. The existing literature uses terms that are often
poorly defined and inconsistently applied. Furthermore, for
the same US feature, multiple terms are often used. This
inconsistency leads to confusion about recommendations
for further management. The committee members identified
the common terms that are already in use in the literature
rather than proposing new terms. Concise definitions were

proposed that can be used as a guide for practitioners. The
committee recommended including the terms that would
be reproducible and demonstrate consistency in diagnos-
ing malignant gallbladder wall thickening. Several terms
like echogenicity of the gallbladder wall, gallbladder wall
continuity, hypoechoic intramural nodules, and degree of
gallbladder wall thickening were not included for the same
reasons. Although Doppler US features were proposed by
some members, the committee did not recommend its inclu-
sion based on limited literature about its value in differentiat-
ing cancer from benign gallbladder wall thickening [43, 44].

The second part of the document proposed the risk strati-
fication based on the key US features, including symmetry
and extent of involvement of the gallbladder wall, layered
appearance, intramural features (including cysts and echo-
genic foci), and interface with the liver. To apply GB-RADS
criteria, gallbladder must be adequately distended. Exclusion
of acute cholecystitis, systemic, hepatic, and other extra-
cholecystic causes of gallbladder wall thickening is critical
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Fig.3 GB-RADS 0 (inadequate
evaluation). a, b Wall-echo-
shadow complex. Almost

entire wall of the gallbladder is
obscured by posterior acoustic
shadowing. ¢ Contracted gall-
bladder. d Porcelain gallbladder.
There is mural calcification
(arrows) affecting the optimal
assessment of the other charac-
teristics of the wall

to applying GB-RADS to prevent the confounding effect of
these illnesses on GB-RADS findings. If there are US fea-
tures suggesting higher GB-RADS categories, these patients
should be managed based on comprehensive clinical, bio-
chemical (including tumor markers), and imaging evaluation
rather than GB-RADS.

While applying GB-RADS, the false positive and false
negative diagnoses must be kept in mind. Xanthogranuloma-
tous cholecystitis may be associated with pericholecystic
infiltration and erroneously classified as a lesion with high
likelihood of malignancy based on GB-RADS [15, 45]. Less
commonly, patients with complicated acute cholecystitis
may present later in the course of their disease when the
symptoms are more subtle [46]. In these patients, a higher
GB-RADS category may be assigned due to the presence of
pericholecystic changes. There may be lack of mural strati-
fication in some cases of chronic cholecystitis, leading to
assignment of GB-RADS 3 category. Finally, early-stage
GBC (T1) may sometimes show mural stratification on US
and hence may be assigned GB-RADS 2 category.

Several limitations to the current GB-RADS proposal
must be recognized. The proposal is based on International
Consensus. Although the guidance was provided by the
systematic review of literature, the available literature was
not representative of all the clinical situations and hence
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a consensus process was deemed mandatory, and accept-
able. The experts involved in consensus strived to include
the most objective findings in the GB-RADS lexicon with
an operational definition for each finding. However, the
interobserver agreement of these findings is not known
and must be prospectively assessed as screening US will
sometimes be performed by inexperienced technicians or
radiologists. There is a marked geographical variation in the
prevalence of gallbladder diseases [1]. Hence, the perfor-
mance of GB-RADS must be validated prospectively using
data from multiple centers across the world. Due to limited
availability of equipment and expertise for MRI, the experts
proposed either CT or MRI for risk categories requiring fur-
ther assessment. The experts acknowledge the increasing
utilization of contrast enhanced ultrasound (CEUS) for char-
acterization of gallbladder wall [47]. However, due to the
cost and limited availability, the incorporation of CEUS into
risk stratification algorithm is not advocated [48]. Finally,
the performance of GB-RADS must be validated in prospec-
tive, multicenter studies.

In conclusion, GB-RADS proposes US-based risk strati-
fication of gallbladder wall thickening. GB-RADS will
improve objective reporting of gallbladder wall thickening
and timely detection of wall thickening type of GBC.
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Fig.4 GB-RADS 2 (benign).
a, b Symmetric circumferential
mural thickening with layered
appearance. Note that the inner
and outer hyperechoic layers
are distinctly seen in both a and
b (arrows). There is a calculus
in the lumen in a (short arrow).
¢, d Focal thickening with
intramural changes. There are
intramural cysts (arrows) and
echogenic focus (short arrow) in
c. Note the multiple intramural
echogenic foci in d (arrows)

Fig.5 GB-RADS 3 (equivocal)
and GB-RADS 4 (malignancy is
likely). a Focal thickening with-
out intramural features along the
hepatic aspect (arrow). b Focal
thickening without intramural
features along the peritoneal
aspect (arrow)
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Fig.6 GB-RADS 4 (malignancy is likely). a Asymmetric circumfer-
ential mural thickening (arrow) without layered appearance and with
loss of interface with liver (short arrow). b Focal thickening in the

Table 3 Reporting template

Clinical history
Technique: Transducer used
Findings:
Gallbladder distension: Adequate/contracted
Mural thickening: Present/absent
If present:
Thickness (in mm)
Symmetric/asymmetric
Extent of intramural changes: focal/ diffuse
Site: neck/body/fundus/hepatic aspect/peritoneal aspect
Associated intramural changes: Echogenic foci/cysts
Mural layering
Interface with liver: Distinct/indistinct
Presence of Sludge/calculus/tumor within the lumen
Number of calculi: Single/multiple
Size of the largest calculus
Presence of signs of definite extramural invasion:

Biliary or vascular involvement by the extramural extension of
gallbladder wall thickening; liver mass contiguous with mural
thickening

Any other significant findings
Diagnosis

Final assessment category
Recommendation
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(arrow). ¢ Focal thickening with no intramural features along the per-
itoneal aspect (arrow)

the Delphi consensus and formulated the consensus statements. PG,
UD, PR, RS, DK, MC: Wrote the initial draft. PG, UD, PR, MS, AG,
NK, RS, DK, MC, VS, VG, TDY, LK, SI, HS, YS, CKD, US, RN,
RS, MSS, RS, NS, AE, HK, AK, RdH, VKK, SGB, AKS, AP, PG,
SKP, MG, SP, AB, AKG, BS, MJ, GG, FN, VA, JCR, HSH: Critically
revised the manuscript, approved the final version of the manuscript
submitted to the journal, and agree to be accountable for all aspects
of the work.

Funding None.

Declarations

Conflict of interest All authors declare that they have no conflict of
interest to disclose.

References

1. Stinton LM, Shaffer EA (2012) Epidemiology of gallbladder dis-
ease: cholelithiasis and cancer. Gut Liver 6:172-187

2. Gupta P, Meghashyam K, Marodia Y et al (2020) Locally
advanced gallbladder cancer: a review of the criteria and role of
imaging. Abdom Radiol 46:998-1007

3. Dutta U, Bush N, Kalsi D, Popli P, Kapoor VK (2019) Epidemiol-
ogy of gallbladder cancer in India. Chin Clin Oncol 8:33

4. Lopes VC, Magnetta MJ, Mittal PK, Moreno CC, Miller FH
(2021) Gallbladder Carcinoma and Its Differential Diagnosis at
MRI: what radiologists should know. Radiographics 41:78-95

5. Gupta P, Kumar M, Sharma V, Dutta U, Sandhu MS (2020) Eval-
uation of gallbladder wall thickening: a multimodality imaging
approach. Expert Rev Gastroenterol Hepatol 14:463-473

6. Shukla PJ, Barreto G, Neve R, Mohandas KM, Shrikhande SV
(2007) Can we do better than “incidental” gallbladder cancer?
Hepatogastroenterol 54:2184-2185

7. Gupta P, Marodia Y, Bansal A et al (2020) Imaging-based algo-
rithmic approach to gallbladder wall thickening. World J Gastro-
enterol 26:6163-6181

8. Joo I, Lee JY, Kim JH et al (2013) Differentiation of adenomy-
omatosis of the gallbladder from early-stage, wall-thickening-type
gallbladder cancer using high-resolution ultrasound. Eur Radiol
23:730-738


https://doi.org/10.1007/s00261-021-03360-w

Abdominal Radiology

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Walas MK, Skoczylas K, Gierblinski I (2012) Errors and mistakes
in the ultrasound diagnostics of the liver, gallbladder and bile
ducts. J Ultrason 12:446-462

Ehrenstein BP, Froh S, Schlottmann K, Scholmerich J, Schacherer
D (2009) To eat or not to eat? Effect of fasting prior to abdominal
sonography examinations on the quality of imaging under routine
conditions: A randomized, examiner-blinded trial. Scand J Gas-
troenterol 44:1048-1054

Conrad MR, Leonard J, Landay MJ (1980) Left lateral decubitus
sonography of gallstones in the contracted gallbladder. AJR Am
J Roentgenol 134:141-144

Hough DM, Glazebrook KN, Paulson EK, Bowie JD, Foster WL
(2000) Value of prone positioning in the ultrasonographic diagno-
sis of gallstones: prospective study. J Ultrasound Med 19:633-638
Popescu A, Sporea I (2010) Ultrasound examination of normal
gall bladder and biliary system. Med Ultrason 12:150-152

Wang JH, Liu BJ, Xu HX et al (2015) Clinical, pathological and
sonographic characteristics of unexpected gallbladder carcinoma.
IntJ Clin Exp Med 8:11109-11116

Zhang F, Chen W, Zhang L, Hou C, Zhang M (2019) Usefulness
of ultrasound in differentiating xanthogranulomatous cholecystitis
from gallbladder carcinoma. Ultrasound Med Biol 45:2925-2931

. Lee ES, Kim JH, Joo I, Lee JY, Han JK, Choi BI (2015) Xan-

thogranulomatous cholecystitis: diagnostic performance of US,
CT, and MRI for differentiation from gallbladder carcinoma.
Abdom Imaging 40:2281-2292

Vlad L, Osian G, Iancu C, Munteanu D, Miricd A, Furcea L
(2003) Gallbladder carcinoma. A clinical study of a series of 38
cases. Rom J Gastroenterol 12:199-202

Lowenfels AB, Walker AM, Althaus DP, Townsend G, Domellof
L (1989) Gallstone growth, size, and risk of gallbladder cancer:
an interracial study. Int J Epidemiol 18:50-54

Shrikhande SV, Barreto SG, Singh S, Udwadia TE, Agarwal AK
(2010) Cholelithiasis in gallbladder cancer: coincidence, cofactor
or cause. Eur J Surg Oncol 36:514-519

Pradhan S, Shukla VK, Agrawal S, Dixit VK, Sharma OP (2002)
Sonographic and colour doppler morphology in carcinoma gall-
bladder. Indian J Cancer 39:143-148

Dwivedi M, Misra SP, Misra V (2000) Clinical and ultrasono-
graphic findings of carcinoma of gallbladder in Indian patients. J
Assoc Physicians India 48:192-195

Kim M, Kang TW, Jang KM et al (2017) Tumefactive Gallblad-
der Sludge at US: prevalence and clinical Importance. Radiology
283:570-579

Ralls PW, Quinn MF, Juttner HU et al (1981) Gallbladder wall
thickening: patients without intrinsic gallbladder disease. AJR Am
J Roentgenol 137:65-68

Teefey SA, Kimmey MB, Bigler SA et al (1994) Gallbladder wall
thickening: an in vitro sonographic study with histologic correla-
tion. Acad Radiol 1:121-127

Van Breda Vriesman AC, Engelbrecht MR, Smithuis RH et al
(2007) Diffuse gallbladder wall thickening: differential diagnosis.
AJR Am J Roentgenol 188:495-501

Runner GJ, Corwin MT, Siewert B et al (2014) Gallbladder Wall
Thickening. AJR Am J Roentgenol 202:W1-W12

Chang BJ, Kim SH, Park HY et al (2010) Distinguishing xan-
thogranulomatous cholecystitis from the wall thickening type of
early stage gallbladder cancer. Gut Liver 4:518- 523.
Rammohan A, Cherukuri SD, Sathyanesan J, Palaniappan R,
Govindan M (2014) Incidental gall bladder cancers: Are they truly
incidental? World J Gastrointest Oncol 6:441-443

Barretta ML, Catalano O, Setola SV et al (2011) Gallblad-
der metastasis: spectrum of imaging findings. Abdom Imaging
36:729-734

Bang SH, Lee JY, Woo H et al (2014) Differentiating between
adenomyomatosis and gallbladder cancer: revisiting a comparative

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

study of high-resolution ultrasound, multidetector CT, and MR
imaging. Korean J Radiol 15:226-234

Meyers M (2000) Intraperitoneal spread of malignancies. In: Mey-
ers MA (eds) Dynamic Radiology of the Abdomen, Vol 2019, 5th
edn. New York, Springer, pp 192-238

Oliphant M, Bene A, Meyers M (2000) The subperitoneal space:
normal and pathologic anatomy. In: Meyers MA (eds) Dynamic
Radiology of the Abdomen, Vol 2000, 5th edn. New York,
Springer, pp 607-634

Levy AD, Murakata LA, Rohrmann CA (2001) Gallbladder
carcinoma: radiologic-pathologic correlation. Radiographics
21:295-314

Imazu H, Mori N, Kanazawa K et al (2014) Contrast-enhanced
harmonic endoscopic ultrasonography in the differential diagnosis
of gallbladder wall thickening. Dig Dis Sci 59:1909-1916.
Wibbenmeyer LA, Sharafuddin MJ, Wolverson MK, Heiberg
EV, Wade TP, Shields JB (1995) Sonographic diagnosis of
unsuspected gallbladder cancer: imaging findings in compari-
son with benign gallbladder conditions. AJR Am J Roentgenol
165:1169-1174

Mizuguchi M, Kudo S, Fukahori T et al (1997) Endoscopic ultra-
sonography for demonstrating loss of multiple-layer pattern of
the thickened gallbladder wall in the preoperative diagnosis of
gallbladder cancer. Eur Radiol 7:1323-1327

Zhao DY, Lim KH (2017) Current biologics for treatment of bil-
iary tract cancers. J Gastrointest Oncol 8:430-440.

Hwang JI, Chou YH, Tsay SH et al (1998) Radiologic and patho-
logic correlation of adenomyomatosis of the gallbladder. Abdom
Imaging 23:73-77

Gautam A, Sood BP, Pandey M et al (1997) Sonographic mor-
phology of carcinoma of the gallbladder: A review of 173 cases.
Indian J Radiol Imaging 7:159-163

Kong WT, Shen HY, Qiu YD, Han H, Wen BJ, Wu M (2018)
Application of contrast enhanced ultrasound in gallbladder lesion:
is it helpful to improve the diagnostic capabilities? Med Ultrason
20:420-426

Catalano OA, Sahani DV, Kalva SP et al (2008) MR imaging of
the gallbladder: a pictorial essay. Radiographics 28:135-155

Iri M, TakeharaY, Matsuzawa K et al (1998) A study of ultrasono-
grams of gallbladder cancers infiltrating into the subserous layer.
J Med Ultrason 25:87-92

Komatsuda T, Ishida H, Konno K et al (2000) Gallbladder carci-
noma: color Doppler sonography. Abdom Imaging 25:194-197
Hayakawa S, Goto H, Hirooka Y et al (1998) Colour doppler-
guided spectral analysis of gall-bladder wall flow. J Gastroenterol
Hepatol 13:181-185

Deng YL, Cheng NS, Zhang SJ, et al (2015) Xanthogranuloma-
tous cholecystitis mimicking gallbladder carcinoma: An analysis
of 42 cases. World J Gastroenterol 21:12653-12659.

Liu LN, Xu HX, Lu MD et al (2012) Contrast-enhanced ultra-
sound in the diagnosis of gallbladder diseases: a multi-center
experience. PLoS One 7:¢48371

Mao D, Mekaeil B, Lyon M, et al (2021) Acute severe cholecysti-
tis with empyema presenting as a gallbladder mass, jaundice and
Mirizzi Syndrome: A case report. Int J Surg Case Rep 78:223-227
Rana P, Gupta P, Kalage D, Soundararajan R, Kumar-M P, Dutta
U (2020) Grayscale ultrasonography findings for characterization
of gallbladder wall thickening in non-acute setting: a systematic
review and meta-analysis. Expert Rev Gastroenterol Hepatol.
https://doi.org/10.1080/17474124.2021.2011210

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1080/17474124.2021.2011210

Abdominal Radiology

Authors and Affiliations

Pankaj Gupta'

- Usha Dutta? - Pratyaksha Rana' - Manphool Singhal' - Ajay Gulati' - Naveen Kalra' -

Raghuraman Soundararajan’ - Daneshwari Kalage' - Manika Chhabra' - Vishal Sharma? - Vikas Gupta® -
Thakur Deen Yadav? - Lileshwar Kaman* - Santosh Irrinki® - Harjeet Singh® - Yashwant Sakaray* -

Chandan Krishuna Das’ - Uma Saikia® - Ritambhara Nada® - Radhika Srinivasan’ - Manavijit Singh Sandhu' -
Raju Sharma?® - Nitin Shetty® - Anu Eapen'® - Harmeet Kaur'' - Avinash Kambadakone'? - Robbert de Haas'* -
Vinay K. Kapoor'* - Savio George Barreto'” - Atul K. Sharma'® . Amol Patel'” - Pramod Garg'® - Sujoy K. Pal'® -
Mahesh Goel?° - Shraddha Patkar?° - Anu Behari'* - Anil K. Agarwal®' - Bhawna Sirohi?? - Milind Javle?* .
Giuseppe Garcea?* - Flavio Nervi?® - Volkan Adsay?® - Juan Carlos Roa?’ - Ho-Seong Han?®

Department of Radiodiagnosis and Imaging, Postgraduate
Institute of Medical Education and Research, Chandigarh,
India

Department of Gastroenterology, Postgraduate Institute
of Medical Education and Research, Chandigarh, India

Department of Surgical Gastroenterology, Postgraduate
Institute of Medical Education and Research, Chandigarh,
India

Department of Surgery, Postgraduate Institute of Medical
Education and Research, Chandigarh, India

Haematology and Medical Oncology, Postgraduate Institute
of Medical Education and Research, Chandigarh, India

Department of Histopathology, Postgraduate Institute
of Medical Education and Research, Chandigarh, India

Department of Cytology and Gynecological Pathology,
Postgraduate Institute of Medical Education and Research,
Chandigarh, India

Department of Radiology, All India Institute of Medical
Education and Research, New Delhi, India

Department of Interventional Radiology, Tata Memorial
Hospital, Mumbai, India

Department of Radiodiagnosis, Christian Medical College,
Vellore, India

Division of Diagnostic Imaging, Department of Abdominal
Imaging, MD Anderson Cancer Centre, Houston, TX, USA

Abdominal Imaging, Harvard Medical School, Medical
Director, Martha’s Vineyard Hospital Imaging,
Massachusetts General Hospital, Boston, USA

Radiology, University Medical Center Groningen,
Groningen, The Netherlands

4" HPB Surgery, Mahatma Gandhi Medical College & Hospital,
Jaipur, India

@ Springer

20

21

22

23

24

25

26

27

28

Division of Surgery and Perioperative Medicine, Flinders
Medical Centre, Bedford Park, SA, Australia

Department of Medical Oncology, All India Institute
of Medical Sciences, New Delhi, India

Indian Naval Hospital Ship, Asvini, Mumbai, India

Department of Gastroenterology, All India Institute
of Medical Sciences, New Delhi, India

Surgical Gastroenterology, All India Institute of Medical
Sciences, New Delhi, India

Gastrointestinal and HPB Surgery, Tata Memorial Hospital,
Mumbai, India

GI Surgery and Liver Transplant, GB Pant Institute
of Medical Education and Research and MAM College,
New Delhi, India

Medical Oncology, Apollo Proton Cancer Centre, Chennai,
India

Department of Gastrointestinal Medical Oncology, MD
Anderson Cancer Centre, Houston, USA

HPB Surgery, University of Leicester, Leicester, UK

Department of Gastroenterology, School of Medicine,
Pontificia Universidad Catolica de Chile, Santiago, Chile

Department of Pathology, Koc University Hospitals, Istanbul,
Turkey

Department of Pathology, Pontificia Universidad Catolica de
Chile, Santiago, Chile

Department of Surgery, College of Medicine, Seoul National
University Bundang Hospital Seoul National University,
Seongnam-si, South Korea


http://orcid.org/0000-0003-3914-3757

	Gallbladder reporting and data system (GB-RADS) for risk stratification of gallbladder wall thickening on ultrasonography: an international expert consensus
	Abstract
	Graphical abstract

	Introduction
	Data collection
	Rationale and scope
	Consensus process

	Technical aspects
	Gallbladder US lexicon (Table 1)
	A. Gallbladder lumen
	Gallbladder distension
	Luminal contents

	B. Gallbladder wall
	Degree of wall thickness
	Extent and symmetry of wall thickening
	Site of thickening
	Gallbladder wall layered appearance
	Intramural changes
	Interface with liver


	GB-RADS categories (Table 2)
	GB-RADS 0
	GB-RADS 1–4
	GB-RADS 5

	Discussion
	References




