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Abstract: Gallbladder adenomyomatosis (GA) is increasingly encountered in clinical practice due to
increasing use of imagings especially ultrasound (US). Clinicians need to know what is the implication of
this condition and its proper management. GA is a degenerative and proliferative disease characterized
by excessive epithelial proliferation associated with hypertrophy of muscularis propria. This leads to
outpouchings of mucosa into or beyond the muscle layer forming intramural diverticula recognized as
Rokitansky-Aschoff sinuses (RAS). Three types of GA are recognised: fundal, segmental and diffuse type.
In fundal GA, there is focal thickening involving the GB fundus. In segmental GA, there is circumferential
overgrowth of the GB wall that leads to formation of compartments. In diffuse GA, there is disseminated
thickening and irregularity of the mucosa and muscularis. The pathogenesis of GA is unknown. It commonly
occurs in middle age with equal sex distribution. Diagnosis of GA is by imagings showing thickened
gallbladder wall containing cysts. Characteristic features are “comet-tail” artefacts and “twinkling” artefacts
on US, “pearl-necklace sign” on magnetic resonance imaging (MRI) and “rosary sign” on computed
tomography (CT). Cholecystectomy should be offered for symptomatic GA of any type. For asymptomatic
GA, cholecystectomy may be considered for segmental type for its increased risk of malignancy and for
diffuse type for its difficult visualization of any coexisting malignancy. Asymptomatic fundal GA can be
safely observed with US. How frequent and how long should a fundal GA be monitored with US remains
unknown. In case of diagnostic doubt, cholecystectomy should always be offered to avoid overlooked

malignancy.
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Introduction adenomyomatosis (GA). Though GA is increasingly

encountered, most clinicians know little about the disease

Abdominal ultrasound (US) is a commonly ordered and its proper management.

investigation in surgical practice. Not uncommonly there The key questions are: is GA alone an indication for
is incidental finding of gallbladder (GB) wall thickening surgery? Is GA a premalignant lesion? How should GA be
containing cysts on US, a condition called gallbladder followed up and with what type of imaging? Is long term
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Figure 1 Trimmed gross specimen of fundal type gallbladder
adenomyomatosis reveals thickened gallbladder wall with multiple

intramuscular cystic spaces.

Figure 2 The corresponding histology shows cystically dilated
glands invaginating into the thickened muscular wall forming
the Rokitansky-Aschoff sinuses (RAS). Hematoxylin and eosin;
magnification 20x.

Figure 3 The cystically dilated glands consist of the same benign
epithelial lining as normal biliary mucosa. RAS, Rokitansky-

Aschoff sinuses. Hematoxylin and eosin; magnification 100x.

© Annals of Translational Medicine. All rights reserved.

Lee et al. Gallbladder adenomyomatosis

follow-up necessary for GA?

To answer these questions, an extended non-systemic
literature search of PubMed articles in English with the
search item of GA was performed. Original articles, reviews
and cases reports on GA up to April 2020 were included.
A narrative synthesis of extracted data was performed and
presented using basic thematic analysis. We present the
following article in accordance with the Narrative Review
reporting checklist (available at: http://dx.doi.org/10.21037/
atm-20-4897).

Overview

GA is a pathological condition characterized by excessive
epithelial proliferation associated with hypertrophy of
muscularis propria, resulting in GB wall thickening
(1-3). The excessive epithelial proliferation leads to
outpouchings of mucosa into or beyond the muscle layer
forming intramural diverticula (cysts on US), recognized as
Rokitansky-Aschoff sinuses (RAS) which was first described
by Rokitansky in 1842 and then by Aschoff in 1905
(Figures 1-3) (4,5). RAS may contain calculi or cholesterol
crystals. The serosa is never involved by GA (6).

Different names have been used for GA which included
hyperplasic adenomyosis, adenomyoma, adenofibromyoma,
cystic cholecystitis, proliferative glandular cholecystitis,
intramural diverticulosis, hamartoma and diverticular
disease of GB, until 1960 Jutras used the term GA to define
this condition which was a degenerative and proliferative
disease (7).

Depending on the degree of GB wall involvement, GA
is classified into three types: fundal, segmental or diffuse
(Figure 4). In fundal GA, there is focal thickening involving
the GB fundus while the rest of GB appears physiologically
thin and GB shape is maintained. In segmental GA, there
is circumferential overgrowth of the GB wall that leads
to formation of compartments within GB, resembling an
“hourglass” appearance. In diffuse GA, there is disseminated
thickening and irregularity of the mucosa and muscularis,
resulting in cyst-like appearance of GB (6,8). Sometimes,
a segmental type GA with its segment near the gallbladder
neck can be confused with the diffuse type. A further complex

type may also be included when there is a coexistence of a
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Figure 4 Schematic drawing of different types of gallbladder adenomyomatosis: (A) fundal; (B) segmental; (C) diffuse.

segmental and fundal type GA. A previous study showed that
the segmental type is the commonest while in one recent
study, the fundal type is the commonest GA (9,10).

Epidemiology

GA is typically diagnosed beyond the age of 50-60, with
similar sex distribution or female predominance (2,11). It
was found in 2% to 8% of all cholecystectomies in recent
series and in 1-5% in autopsy (10,12,13).

Pathogenesis

The pathogenesis of GA is unknown. It is unlikely to be
a congenital malformation as fewer than 10 cases have
been reported in children in first year of life (14-16). GA is
widely accepted to be a degenerative disease (17). Increased
intra-luminal pressure secondary to neurogenic dysfunction
may play a role (1,18). Anomalous pancreaticobiliary ductal
union which causes chronic reflux of pancreatic fluid into
GB may explain the occurrence of GA (19,20). Coexisting
gallstone (GS) occur in more than 50% of patients with
GA and in up to 90% of segmental GA but no causative
relationship has been proved (9,12). In latter case, GS are
located predominantly in fundal compartment in around
80% of cases, which is likely secondary to biliary stasis (9).

Diagnosis

Majority of GA cases are incidentally discovered by imaging
or by pathology of resected GB. Patients with GA are
usually asymptomatic. The most common symptom is
nonspecific abdominal pain localised at the right upper
quadrant and epigastrium. The pain is similar to that of
gallstone and is typically intermittent and self-limiting (21).
Nausea, vomiting, fatty food intolerance can also occur.

© Annals of Translational Medicine. All rights reserved.

However, symptoms can also be attributed to the commonly
coexisting GS. GA presented as acalculous cholecystitis has
been reported (22). Laboratory tests in patients with GA are
usually normal.

Us

GB wall thickening (>3 mm) represents a hallmark of GA,
being always present but is poorly specific (6,23). The outer
GB layer must appear sharp and a clear cleavage plane
with liver must be present (6). Small anechoic cystic spaces
(1-10 mm) representing clear bile-filled RAS within GB
wall are pathognomonic for GA. When RAS are filled with
cholesterol crystals, intramural echogenic foci are noted (6).
These cholesterol crystals, in contrast to the clear bile
within the RAS, act as highly reflective surfaces and
generate posterior reverberation artefacts on grey-scale
US—the so-called “comet-tail” artefacts. It is characterized
by a bright hyperechoic focus at the GB wall with an
inverted triangular acoustic enhancement posteriorly,
which exhibit a gradual decrease in strength and thickness
(Figure 5) (23). Comet-tail artefact is a reverberation
artefact on grey scale US which occurs when two closely
packed echogenic interface are struck by US beam. This is
a typical finding of GA as the aggregates within the RAS
act as the echogenic interface, but the phenomenon is not
limited to GA. Other examples with aggregate serving as
reflective interface within small cystic lesions producing
this artefact include milk of calcium cyst in the kidneys and
biliary hamartoma in the liver. Resembling the “comet-
tail” artefact on grey scale US, another artefact known as
the “twinkling” artefact which appears as a rapid alternation
of blue and red Doppler signals immediately deep to the
highly reflective cholesterol crystal is seen on color Doppler
US (24). Limitation of US lies on its operator dependence
and imaging artefact due to presence of gas or stones and
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Figure 5 The ultrasound appearance of different types of gallbladder adenomyomatosis. (A) Grey scale ultrasound image showing a diffuse-

type gallbladder adenomyomatosis with diffuse wall thickening containing multiple small cysts (curved arrows) representing RAS and comet-
tail artefacts (arrows) representing cholesterol aggregates. Note the small polypoid lesion (arrow head) representing focal mural hypertrophy
associating with adenomyomatosis. (B) Grey scale ultrasound imaging showing a segmental type of gallbladder adenomyomatosis with focal
annular wall thickening at the mid body, giving rise an hourglass appearance of the gallbladder. Note the small RAS (arrows) and comet

tail artefacts (curved arrow). (C) Grey scale ultrasound imaging showing a fundal type of gallbladder adenomyomatosis with localized

involvement at the gallbladder fundal wall and multiple comet-tail artefacts (arrows).

inadequate GB visualization in obese patients.

High resolution US (2.5-7 MHz) and contrast US
using micro-bubble contrast material have been reported
to increase the diagnostic accuracy for differentiation of
GA and gallbladder cancer (GC) (6,25). Endoscopic US
(EUS) is credited with better images of GB than usual US.
EUS has been reported to identify GA that are missed
by transabdominal US (26,27). Nevertheless, EUS may
misdiagnose GC as GA due to microcysts that can also be
seen in mucin producing GC (28,29).

Computed tomography (CT)

A confident diagnosis of GA in thickened GB wall is
possible only if large (at least 3mm) RAS are present. A
diagnostic sign of GA on CT is the “rosary sign”, which
occurs from combination of an unenhanced proliferative
muscularis layer surrounding enhanced proliferative mucosal
epithelium with intramural diverticula (Figure 6) (30).
Another sign called “cotton ball sign” may also present.
This is seen as fuzzy grey enhancing dots in a thickened GB
wall or a dotted outer border of the inner enhancing layer
of GB wall on contrast CT and is more sensitive when the
RAS are small (31).

Magnetic resonance imaging (VMRI)

In GA, GB wall thickening can be clearly depicted
both on T1- and T2-weighted images. RAS typically

© Annals of Translational Medicine. All rights reserved.

appears markedly hyperintense on T2-weighted images,
hypointense on T1-weighted images and show no contrast
enhancement. A distinguished sign of GA on T2-wighted
image is the “pearl-necklace sign”, which is the presence of
multiple high intensity cavities seen in GB wall (Figure 7)
(6,30). This sign is more prominent on magnetic resonance
cholangiopancreatography (MRCP) (6,32).

Positron emission tomography (PET)

GA typically shows no 18-fluorodeoxyglucose (""FDG)
uptake (SUV <2.5) or lower uptake compared with liver
while GC is usually hypermetabolic. However, acute
inflammatory reaction surrounds RAS may generate an
increased ""FDG uptake and give rise to false positive result.
PET is not performed for diagnosis of GA, but may help to
exclude GC when there is no significant tracer uptake at the
lesion (33).

Choice of imaging

US should be the imaging modality of choice in initial
evaluation for GA. MRI represents the ideal tool for further
evaluation in case of inconclusive finding on US. CT can be
used as a diagnostic adjunct to evaluate GB wall thickening
and to differentiate GA and GC. The accuracy to
differentiate GA from early GC for US, MRI and CT were
91-95%, 93% and 40-75% respectively (6). EUS, being
invasive and costly, should be used selectively. For PET,
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Figure 6 Computed tomography image shows the “rosary
sign”. The hyper-enhanced inner lining (arrow) represents the
proliferative mucosa. Note the multiple mucosa-lined cystic
outpouching (arrowheads) invaginating into the hypertrophied
muscularis propria representing the RAS. Hyperdense gallstones
are present. RAS, Rokitansky-Aschoff sinuses.

Figure 7 Magnetic resonance imaging shows multiple
hyperintense, fluid-filled intramural diverticula (arrows) in the

gallbladder fundus representing the “pearl-necklace sign”.

there is no evidence for its routine use. For differential
diagnosis of GA, an MRI or contrast CT is necessary, whilst
for follow-up for GA, US is usually sufficient.

Association with GC

GA has all along been considered as a benign condition.
However, cases of coexisting GC and GA have been
reported in the literature (34-36). GC arose both from just
above fundal GA and the distal part of segmental GA (37).
Ootani et al. reported that GC developed in 6.4% (12/188)
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of patients with segmental GA, whereas no clear association
was found between fundal and diffuse type GA with
GC (12). The tumor in patients with both segmental GA
and GC only occurs in the fundic mucosa rather than the
neck mucosa. It was postulated that the segmental GA
led to bile congestion and intra-luminal hypertension in
the distal GB leading to chronic inflammation which was
regarded as a cancer causing factor. Nabatame er 4/. also
found that 6.6% (22/334) of patients with segmental GA
had GC (38). An association between dysplastic adenoma
and diffuse GA has also been described (39). Other authors
suggested GA could not be regarded as precancerous
lesion based on available evidence, but stones and
cholecystitis secondary to GA might lead to dysplastic
change and cancer (40).

Management

There is no universally accepted guideline for the
management of GA at present. The questions are how
reliable is the diagnosis of GA on imaging and how high is
the chance of malignant change for a genuine GA.

GA only accounts for 25% of cases of GB wall thickening
(>3 mm), important differential diagnosis of GC needs to be
excluded (8). US being frequently the initial imaging has its
own limitations. When characteristic imaging findings are
not present, it may be challenging to distinguish GA from
GC. MRI is the preferred next imaging of choice if US is
inconclusive. The radiological diagnosis of GA must be
beyond any doubt, otherwise cholecystectomy with intra-
operative frozen section should be offered to exclude GC.
Extended surgery should be planned in advance if GC is
confirmed intra-operatively.

For symptomatic GA with or without concomitant
cholecystolithiasis, cholecystectomy is indicated as all
reported cases were effectively and durably relieved by
cholecystectomy (2).

In view of increased risk of GC, cholecystectomy
may be considered for segmental type of GA even
without symptom (12,38) and for diffuse type as it
carries the problem of difficult visualization of coexisting
malignancy (39). For fundal type GA, whatever its size and
concomitant gallstone, surgery is not indicated as no series
reported an increase risk of GC in cases of exclusively
fundal GA (8). Other authors recommended fundal GA to
be dealt with in the same way as for GB polypoid lesions,
i.e., for cholecystectomy if lesion >10 mm (17). However,
it is arguable to equivalent GA to polypoid lesion of GB
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by imaging
I
Symptomatic or )
associated with ABPJ Asymptomatic
| |
I |
Cholecystectomy Fundal type Segmental or
diffuse type
Surveillance with No suspicion of GC cannot be
us GC excluded

Surveillance with
us

Cholecystectomy

Figure 8 A proposed algorithm for the management of gallbladder adenomyomatosis. GA, gallbladder adenomyomatosis; GC, gallbladder

cancer; US, ultrasound; ABPJ, anomalous biliopancreatic junction.

as the latter consisted of a very heterogenous group
of histologically different diseases (41). Finally, the
presence of concomitant anomalous biliopancreatic
junction (ABPJ) with GA also presents an indication for
cholecystectomy as ABPJ is a known risk factor for GC
(42,43). A proposed algorithm for the management of
GA is shown on Figure §.

Whether there is need for regular follow-up US for
asymptomatic fundal GA and how frequent US should
be done is unknown. A 3—6 monthly US follow-up has
been suggested by some authors, but how long should
this surveillance be carried on is again unknown (17,44).
Patient compliance for need of long-term surveillance is a
problem. Resources implication also becomes a problem as
GA is increasingly detected on US examination. Finally, GA
may also increase in size over time and this change by itself
cannot be considered an index of malignancy (45).

Conclusions

GA is increasingly encountered in clinical practice. A
background knowledge of the disease and its management
cannot be over-emphasized. Appropriate selection of
patients for further investigation and surgery is crucial to
avoid overlooked malignant disease and to treat potential
malignant type GA whilst unnecessary surgery can be
avoided in most benign types GA. Updated evidence
shows that in general fundal and diffuse type GA are not
premalignant whilst segmental type carries risk of GC. But

© Annals of Translational Medicine. All rights reserved.

for any type of GA, presence of symptom or associated
ABPJ is an indication for cholecystectomy. Surgery should
also be considered whenever GC cannot be excluded. US is
the choice of imaging for follow up of GA with an interval
of 3—6 months but how long should this surveillance be
carried on remains to be answered.
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