
HEPATOBILIARY-PANCREAS

CT diagnosis of gallbladder adenomyomatosis: importance of enhancing
mucosal epithelium, the Bcotton ball sign^
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ABSTRACT
Objectives To determine the diagnostic value of the cotton ball sign and other CT features in patients with gallbladder (GB) wall
thickenings (WTs).
Methods Three blinded readers reviewed the preoperative CTandMR images of 101 patients with pathologically confirmed GB
adenomyomatosis (GA) (n = 34) and other benign (n = 29), malignant (n = 41), and premalignant (n = 2) GBWTs. Three readers
analysed the morphological features of GBWT and presence of the Bcotton ball sign^, defined as fuzzy grey dots in GBWTor a
dotted outer border of the inner enhancing layer on contrast-enhanced (CE) CT. In addition, the Bpearl necklace sign^ onMRwas
analysed.
Results In the GA group (n = 34), prevalence of the cotton ball sign and pearl necklace sign was 74% (25/34) and 44% (15/34),
respectively. Presence of the cotton ball sign, smooth contour of the mucosa, double-layering enhancement, and enhancement
degree weaker than the renal cortex on CT images were significant predictors of benign GBWT (p < 0.01). When differentiating
GA from GB malignancy or premalignancy, accuracy of the cotton ball sign and pearl necklace sign was 81% (62/77) and 74%
(57/77), respectively.
Conclusion The cotton ball sign on CE-CT showed higher sensitivity and comparable specificity to those of the pearl necklace
sign in differentiating GA from malignancy.
Key Points
• Prevalence of the cotton ball sign on CT was 74% in gallbladder adenomyomatosis.
• The cotton ball sign was useful in differentiating gallbladder adenomyomatosis from gallbladder cancer.
• The cotton ball sign was more sensitive than the pearl necklace sign for adenomyomatosis diagnosis.
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Abbreviations
CE Contrast enhanced
CT Computed tomography
GA Gallbladder adenomyomatosis
GB Gallbladder
GBWT Gallbladder wall thickening
GRE Gradient echo sequence
HU Hounsfield unit
MDCT Multi-detector computed tomography
MRCP Magnetic resonance cholangiopancreatography
MRI Magnetic resonance imaging
PVP Portal venous phase
RAS Rokitansky-Aschoff sinus
US Ultrasound

Introduction

Gallbladder adenomyomatosis (GA) is a common benign en-
tity presenting as an asymptomatic gallbladder (GB) mass or
wall thickening (WT), diagnosed in 2%–9% of all cholecys-
tectomies [1, 2]. GA is characterised pathologically by exces-
sive proliferation of the surface epithelium and hypertrophy of
the muscularis propria. With invagination of the mucosa into
the thickened muscularis, Rokitansky-Aschoff sinuses (RAS)
with crystal precipitation and calcification can develop from
progressive concentration of bile [3, 4]. The radiological evi-
dence of both GA and GB cancer is focal or diffuse thickening
of the GB wall. Preoperative differentiation between them is
critical to avoid unnecessary cholecystectomies in patients
with GA [3]. Furthermore, given its relatively high prevalence
and the continuous improvement in the performance of ultra-
sound (US) and computed tomography (CT), GA can be more
frequently encountered during everyday practice, warranting
the need for better differentiation [2, 3, 5].

Transabdominal US is the imaging modality of choice for
diagnosing GA and enables correct identification and charac-
terisation of GA in many cases [3]. A previous study from
Asia reported that US using high-frequency probes and pre-
cise focal depth adjustment provided accuracy values ranging
from 91.5 to 94.8% in differentiating GA from early-stage GB
cancer [6]. However, in actual practice, there is a limitation to
transabdominal US in that the GB wall is sometimes poorly
visible via the classical sub-costal approach, particularly be-
cause of obesity or interposition of the bowel between the
abdominal wall and the GB wall. Particularly, the GB fundal
wall is sometimes difficult to examine because of reverbera-
tion artefacts [7, 8].

In several studies using various imaging modalities [9–13]
conducted to provide a more precise preoperative diagnosis
for gallbladder wall thickening (GBWT), findings of cyst-like
spaces in a thickened GB wall have been demonstrated to
indicate GA. This is called the pearl necklace sign on MRI,

referring to small, rounded, high-signal intensity foci within
the GBWT on T2-weighted image (T2WI) that correspond to
bile-filled RAS [10, 11, 14] and the rosary sign on CT, i.e.,
round cystic spaces lined by enhancing epithelium within the
unenhanced, hypertrophied muscular layer of the GB wall
[15–18]. However, according to a previous study [11], CT
showed limited sensitivity of 24% in diagnosing GA using
the presence of small calcifications or RAS, and the pearl
necklace sign on MRCP also showed limited sensitivity of
62%. Hence, preoperative differentiation between benign
and malignant GBWTs still remains an important dilemma
for radiologists [3]. Although radiological diagnosis is largely
dependent on visualising RAS, only RAS of sufficient size
can be visualised on imaging studies. In cases of GA in which
RAS is smaller than 3 mm or filled with biliary sludge or
calculi, the pearl necklace sign and rosary sign are sometimes
not evident [18, 19]. So, instead, we hypothesised that in GA
with small or collapsed RAS, epithelial proliferation lining
RAS may be a clue in diagnosing GA, seen as fuzzy grey
enhancing dots in a thickenedGBwall or a dotted outer border
of an inner enhancing layer of the GB wall on contrast-
enhanced (CE) CT, referred to as the Bcotton ball sign^. This
idea was suggested from our experience; when inspecting the
histology slides of adenomyomatosis cases, in a case of
adenomyomatosis that showed the cotton ball sign without
evident cystic spaces on CT, we noted multiple RAS smaller
than 2 mm including at least one RAS containing bile. In
contrast, in a case of adenomyomatosis showing multiple cys-
tic spaces and their lining enhancing epithelia visible on CT
images correlating with pearl necklace sign on MRT2WI, we
noticed multiple RAS exceeding 2 mm.

Therefore, we conducted this study to determine the diag-
nostic performance of the cotton ball sign along with several
other imaging features on CT in patients with pathologically
proven GB diseases that show diffuse or focal GBWT.

Materials and methods

Study population

Our Institutional Review Board approved this retrospective
study and waived the requirement for written informed con-
sent. We performed a retrospective consecutive computerised
search of the electronic medical records at our institution for
patients who underwent cholecystectomy for suspected GB
diseases between January 2006 and December 2015 and ob-
tained their preoperative CT and MR examinations. From the
search, we found 194 patients. Inclusion criteria were as fol-
lows: (1) available histological diagnosis of the cholecystec-
tomy specimen, (2) available preoperative CE-CT and preop-
erative CE-MR, and (3) focal or diffuse GBWT ≥ 3 mm [9,
20–23] on preoperative CT. GBwall of ≥ 3 mm thickness was
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defined to be GBWT according to the previous literatures [9,
20]. Exclusion criteria were as follows: a lack of preoperative
CE-CT (n = 1); a lack of preoperative CE-MR (n = 3); sub-
optimal image quality due to artefacts (n = 1); GB-replacing
masses (n = 2); GB masses or WTs invading adjacent struc-
tures (n = 6); polyps or polypoid masses protruding into the
GB lumen (n = 46); papillary lesions (n = 7); underlying
disease not directly related to GBWT (choledochal cyst) (n =
1); no definite GBWT on CT (n = 26). Finally, 101 patients
[mean age, 62 years (range, 24–85 years); 55 males (mean
age, 61 years; range, 24–82 years), and 46 females (mean
age, 63 years; range, 38–85 years)] with 106 focal or diffuse
GBWT lesions were enrolled in our study. Ninety-six GBWTs
were observed in 96 patients, i.e., a single GBWT per patient.
The remaining ten focal GBWTs were observed in five pa-
tients, i.e., two GBWTs per patient (Fig. 1). The time interval
between preoperative CT/MR imaging and cholecystectomy
ranged from 0 to 89 days.

Histopathological diagnosis of the cholecystectomy speci-
men served as the reference standard of each GBWT.
Histopathological preparation for the cholecystectomy speci-
men was done as follows. The gallbladder was opened length-
wise through its serosa-lined surface. Beginning at the fundus, a
cut was made through the body and neck of the gallbladder and
then through the cystic duct [24]. Entire tumours were mapped
if found. Even when tumours were not obviously identified or
the preoperative diagnosis did not favour malignancy, the entire
specimens were embedded when the gallbladder wall was ≥

3 mm thick and firm. Among the 106 GBWTs, 63 lesions were
pathologically confirmed as benign, 41 lesions were malignant,
and 2 were premalignant. The benign GBWT group was divid-
ed into GAs and other benignGBWTs. GBWTs diagnosedwith
Badenomyomatous hyperplasia^, characterised by excessive
proliferation of the surface epithelium and hypertrophy of the
muscularis propria, with RAS on histopathological examina-
tion, were categorised as definite GA [2, 5]. When there was
proliferation of the surface epithelium and RAS in the muscle
layer of the GB without severe hypertrophy of the muscle com-
ponent on histopathological examination, we categorised them
asmild GA. Definite (n = 24) andmild (n = 10) GAs comprised
the GA group of our study. Twenty-nine benign GBWTs with
neither adenomyomatous hyperplasia nor RAS were
categorised as the other benign group. Forty-one pathologically
confirmed malignant GBWTs and two pathologically con-
firmed premalignant GBWTs comprised the malignant or pre-
malignant group (Fig. 1).

CT image acquisition

Seventy-three patients included in our study underwent CTat our
institution on anMDCTscanner. Seventy patients underwent one
of the following CT scans: quadruple-phase CT (n = 64)
consisting of unenhanced, early arterial, late arterial, and portal
venous phases; quadruple-phase CT (n = 1) consisting of
unenhanced, late arterial, portal venous, and delayed phases; or
triple-phase CT (n = 5) consisting of unenhanced, late arterial,

Fig. 1 Flowchart showing the
patient selection process
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and portal venous phases. The remaining three patients
underwent either triple-phase CT (n = 1) consisting of late arte-
rial, portal venous, and delayed phases or single phase CT (n = 2)
consisting of the portal venous phase. Details of imaging tech-
niques are provided in the Supplementary Material. The remain-
ing 28 patients underwent CT at an outside hospital. They all
included the unenhanced and portal venous phase scans.

MR image acquisition

Ninety-seven patients included in our study underwent MR
examination at our institution. Detailed techniques of MR im-
aging are provided in the Supplementary Material. The re-
maining four patients included in our study underwent MR
examinations at an outside hospital.

Image analysis

Three abdominal imaging radiologists (M.H.Y, S.M.L, and
J.P. who had 10, 8, and 5 years in the interpretation of body
CTandMR images, respectively) independently evaluated the
CT and MR images on a picture-archiving and communica-
tion system workstation in two separate review sessions, with
a washout period of 2 weeks to reduce recall bias (CT in the
first session and MR imaging in the second session). The
readers were aware of the study design and knew that patients
had a diagnosis of either benign or malignant GBWT, but
were blinded to the specific pathological diagnosis of each
case. For five patients who had co-existing separate focal
WTs, we informed the readers of the specific location (e.g.,
fundus, body, or neck) of each lesion.

Before reviewing the images, we provided instructions de-
scribing the concept of the cotton ball sign using a schematic
diagram (Fig. 2) and illustrative cases of positive and negative

cotton ball signs to each reader. The cotton ball sign was
defined as fuzzy grey enhancing dots in a thickened GB wall
or a dotted outer border of an inner enhancing layer of the GB
wall on CE-CT. The readers rated the presence of the cotton
ball sign on the following five-point scale: 1, definitely absent;
2, probably absent; 3, indeterminate; 4, probably present; 5,
definitely present. Ratings were dichotomised such that the
cotton ball sign was present at a rating of 4 or 5 and considered
absent at lower ratings. The threshold was based on the ratio-
nale that such a decision reflects the real practice, wherein
surgeons have to decide whether or not to perform surgery.
The readers also assessed the following findings of the
GBWTs by reviewing the CT images [1]: (1) mucosal smooth-
ness (smooth vs. irregular) and (2) layered pattern (double
layer vs. single layer) on portal venous images; when
GBWT showed a more strongly enhancing inner layer and
weakly enhancing or non-enhancing outer layer, it was
categorised as a double layer pattern, and when GBWTcould
not be described as outer and inner layers of different enhance-
ment degrees, it was categorised as a single layer pattern. (3)
The enhancement degree (weaker than the renal cortex, simi-
lar to or stronger than the renal cortex) on portal venous im-
ages and (d) pericholecystic infiltration (present vs. absent)
were assessed. They also controlled for the presence of the
pearl necklace sign on MRI, defined as small round foci with
the same markedly high signal intensity as bile within the
GBWT on T2WI or MRCP [11].

Statistical analysis

We determined the presence or absence of each imaging fea-
ture based on the interpretations of two (S.M.L. and J.P.) of the
three readers. In cases of discrepancy, we used the interpreta-
tion of the other reader (M.H.Y.). Inter-observer agreement for

Fig. 2 Schematic diagram of the
cotton ball sign. GBWT =
gallbladder wall thickening; GB =
gallbladder; CE-CT = contrast-
enhanced computed tomography
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each imaging feature was analysed using kappa statistics and
was interpreted as follows: poor, < 0.20; fair, 0.20–0.39; mod-
erate, 0.40–0.59; substantial, 0.60–0.79; almost perfect, ≥ 0.80
[19]. Prevalence of the cotton ball sign and pearl necklace sign
in each group (GA group, other benign group, and malignant
or premalignant group) were calculated. We used the chi-
square test to compare the prevalence of the cotton ball sign
in each group. Thereafter, the sensitivity, specificity, and ac-
curacy of the cotton ball sign and pearl necklace sign in dif-
ferentiating between the GA group and malignant or prema-
lignant group were calculated. McNemar’s test was used to
compare the sensitivity and specificity of the cotton ball sign
and pearl necklace sign.

Imaging features were compared between the benign and
malignant or premalignant groups using the Fisher’s exact test
for categorical variables. All analysis was done on the per-
lesion basis. The potential clustering effect of ten GBWTs ob-
served in five patients was considered to be minor and ignored.
Multivariate logistic regression analysis was performed to find
the most predictive CT finding. All statistical analyses were
performed using MedCalc software v. 14.12.0 (Mariakerke,
Belgium) and SPSS v. 19.0 (New York, US). We considered
a two-tailed p value < 0.05 to indicate statistical significance.

Results

Cotton ball sign on CT and pearl necklace sign
on T2WI and MRCP

The cotton ball sign was present in 74% (25/34) of the GA
group (Figs. 3 and 4). The pearl necklace sign was present in
44% (15/34) of the GA group (Table 1). When differentiating
GA from GB malignancy or premalignancy, the cotton ball
sign showed significantly higher sensitivity (74%, 25/34) than
the pearl necklace sign (44%, 15/34) (p < 0.05, Fig. 3), but did
not show a significant difference in terms of specificity (86%,
37/43 vs. 98%, 42/43, p = 0.06) (Table 2). The sensitivity,
specificity, and accuracy of the pearl necklace sign in differen-
tiatingGA frommalignancy or premalignancy in cases scanned
by 1.5-T magnets were 43% (6/14), 100% (10/10), and 67%
(16/24), respectively. In cases scanned by 3.0-T magnets, they
were 45% (9/20), 97% (32/33), and 77% (41/53), respectively.
No statistical difference was found between the performance of
the 1.5-T group and that of the 3.0-T group. In addition, the
three readers showed fair to moderate agreements for the cotton
ball sign (0.39–0.56) and substantial to almost perfect agree-
ments for the pearl necklace sign (0.65–0.84).

Fig. 3 A 50-year-old male, pathologically proven GA with a positive
cotton ball sign on CT and negative pearl necklace sign on T2WI. A, B,
C Portal venous phase CT images show diffuse thickening of the
gallbladder wall with internal several fuzzy grey dots (arrows) and a
dotted outer border (arrowheads), Bcotton ball sign^. In addition,

double layer enhancement was noted in the diffuse GBWT. In C,
yellow guides were added to B to aid following the annotations. D On
T2WI of the same patient, the pearl necklace sign is not noted. GA =
gallbladder adenomyomatosis; GBWT = gallbladder wall thickening
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Other differentiating benign CT features of GBWT

Contour of GBWTs Smoothness of the mucosa was significant-
ly more frequent in the benign GBWT group on CT. The three
readers showed moderate to substantial agreement for muco-
sal smoothness (0.58–0.71) (Table 3).

Enhancing characteristics of GBWTsDouble-layering enhance-
ment and an enhancement degree weaker than the renal cortex
were significantlymore frequent in the benignGBWTgroup on
CT. The three readers showed fair to moderate agreements for
the layered pattern (0.21–0.41) and fair to substantial agree-
ments for the enhancement degree (0.25–0.72) (Table 3).

Combined CT findings in GBWTs When at least two of four
criteria, i.e., the positive cotton ball sign on PVP, smooth mu-
cosal contour, double-layer enhancement, and enhancement
degree weaker than the renal cortex on PVP, were used in
combination, the sensitivity and specificity for differentiating
benign from malignant or premalignant GBWTwere 90% (57/
63) and 74% (32/43).When all the four findings were present, a
specificity of 98% (42/43) was achieved (Table 4). On multi-
variate regression analysis, the first and second most predictive
CT findings of benignity were smoothness of the mucosa (odds
ratio: 28.6, 95% confidence interval: 6.9–118.9) and an en-
hancement degree weaker than the renal cortex (odds ratio:
13.6, 95% confidence interval: 1.7–111.2) (p < 0.05).

Fig. 4 A 56-year-old female,
pathologically proven GAwith a
positive cotton ball sign on CT
and positive pearl necklace sign
on T2WI. A, B, C Portal venous
phase transverse CT images show
focal thickening of the GB wall
with internal several fuzzy grey
dots (arrows) and a dotted outer
border (arrowheads), Bcotton ball
sign^. On C, yellow guides were
added to B to aid following the
annotations. D On T2WI of the
same patient, the pearl necklace
sign (curved arrow) is noted. GA
= gallbladder adenomyomatosis;
GB = gallbladder

Table 1 Prevalence of the cotton
ball sign and pearl necklace sign
in each of three subgroups of
GBWTs

Benign Malignant or
premalignant

(n = 43)

p value*

GA

(n = 34)

Other benign

(n = 29)

Cotton ball sign on PVP CT 25 (74%) 16 (55%) 6 (14%) < 0.01

Pearl necklace sign on T2WI
and MRCP

15 (44%) 10 (34%) 1 (2%) < 0.01

Note. Data are numbers of GBWTs with percentages in parentheses
* p value was calculated with chi-square test

GBWT = gallbladder wall thickening; GA = gallbladder adenomyomatosis; PVP = portal venous phase; CT =
computed tomography; T2WI = T2-weighted image; MRCP = magnetic resonance cholangiopancreatography
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Discussion

Our study demonstrated that the Bcotton ball^ sign on CE-CT
may be utilised as an imaging sign of GA at CE-CT. Prevalence
of the cotton ball sign onCE-CT in three subgroups of GBWTs,
i.e., GA, other benign, and malignant or premalignant groups,

showed a similar pattern to that of pearl necklace sign, which is
significantly higher in GA than in a malignant or premalignant
group. Furthermore, the cotton ball sign at CT provided higher
sensitivity and comparable specificity in diagnosing GA com-
pared with the pearl necklace sign at MR imaging. With the
widespread use of CT for evaluation of abdominal symptoms,

Table 2 Sensitivity, specificity, and accuracy of the cotton ball sign and pearl necklace sign in differentiating GA from malignancy or premalignancy

Sensitivitya Specificityb Accuracyc

Percentaged Numerator/
denominator

Percentaged Numerator/
denominator

Percentaged Numerator/
denominator

Cotton ball sign on PVP CT 74 (48, 100) 25/34 86 (61, 100) 37/43 81 (62, 100) 62/77

Pearl necklace sign on T2WI
or MRCP

44 (25, 73) 15/34 98 (70, 100) 42/43 74 (56, 96) 57/77

p value* 0.02 0.06 -

Note. a Sensitivity of cotton ball sign (%) = (GAwith a positive cotton ball sign/total of 34 GAs) × 100. Sensitivity of pearl necklace sign (%) = (GAwith
a positive pearl necklace sign/total of 34 GAs) × 100
b Specificity of cotton ball sign (%) = (Malignant or premalignant GBWTwith a negative cotton ball sign/total of 43 malignancies or premalignancies) ×
100. Specificity of the pearl necklace sign (%) = (Malignant or premalignant GBWT with a negative pearl necklace sign/total of 43 malignancies or
premalignancies) ×100
cAccuracy of the cotton ball sign (%) = (GAwith a positive cotton ball sign +malignant or premalignant GBWTwith a negative cotton ball sign)/(total of
77 GAs or malignancies or premalignances) × 100. Accuracy of pearl necklace sign (%) = (GA with a positive pearl necklace sign + malignant or
premalignant GBWTwith a negative pearl necklace sign)/(total of 77 GAs or malignancies or premalignancies) × 100
dData in parentheses are 95% confidence intervals
* p value was calculated with McNemar’s test

GA = gallbladder adenomyomatosis; PVP = portal venous phase; CT = computed tomography; T2WI = T2-weighted image; MRCP = magnetic
resonance cholangiopancreatography; GBWT = gallbladder wall thickening

Table 3 Differences in CT imaging features between benign and malignant or premalignant GBWTs

Benign
(n = 63)

Malignant or
premalignant
(n = 43)

p value* Weighted kappa statistics

Readers 1 and 2 Readers 2 and 3 Readers 3 and 1

Cotton ball sign on PVP < 0.01 0.56 0.43 0.39

Present 41 (65%) 6 (14%)

Absent 22 (35%) 37 (86%)

Mucosal smoothness < 0.01 0.58 0.68 0.71

Smooth 53 (84%) 6 (14%)

Irregular 10 (16%) 37 (86%)

Layered pattern on PVP < 0.01 0.32 0.21 0.41

Double layer 45 (71%) 8 (19%)

Single layer 18 (29%) 35 (81%)

Enhancement degree on PVP < 0.01 0.25 0.43 0.72

Weaker than renal cortex 60 (95%) 33 (77%)

Similar to or stronger than renal cortex 3 (5%) 10 (23%)

Pericholecystic infiltration 0.15 0.35 0.32 0.51

Present 17 (27%) 6 (14%)

Absent 46 (73%) 37 (86%)

Note. Data are numbers of GBWTs with percentages in parentheses
* p value was calculated with Fisher’s exact test

CT = computed tomography; GBWT = gallbladder wall thickening; PVP = portal venous phase
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radiologists frequently encounter incidental GBWTat CTand a
considerable portion of such cases may become a diagnostic
dilemma owing to the similarity in appearance of GA and GB
cancer on CT. As for the patients, they may undergo unneces-
sary cholecystectomy in fear of early GB cancer [3, 25]. As
GAs are generally asymptomatic and benign, making the

correct diagnosis is important to prevent misinterpretation as
GB cancer leading to incorrect treatment [18]. Additionally,
immediate characterisation of incidental GA with CE-CT
utilising the cotton ball sign may obviate referrals and further
imaging, while reducing patient anxiety.

Traditionally, the radiological diagnosis of GA has been
largely dependent on visualising RAS in the GBWT, presenting
as an intramural cyst with the comet-tail artefact or twinkling
artefact on US, the pearl necklace sign at MRCP, and the rosary
sign and multiple intramural cysts on CT [7, 15–18]. While US
is widely accepted as the primary imaging technique for GB
disease [20, 25], in some cases there may be some limitations in
US, as dilated RAS can show variable echogenicity, depending
on the materials accumulated in the RAS [3]. In some cases, US
may be partially limited because of operator dependency, arte-
facts such as reverberation, and inadequate GB visualisation in
obese patients resulting from sonic attenuation [3]. Considering
that CT is relatively less affected by obesity compared with US
and has wider availability and lower cost than MR [3, 26], CT
has its own advantage as a diagnostic modality for GBWT.
However, according to previous literature that addressed the
differentiation of GA from GB cancer on CT [9], sensitivity

Table 4 Combined CT findings in GBWTs

No. of CT
findings

Benign
(n = 63)

Malignant or
premalignant
(n = 43)

1 63 (100%) 36 (84%)

2 57 (90%) 11 (26%)

3 48 (76%) 5 (12%)

4 31 (49%) 1 (2%)

Note. Data are numbers of GBWTs with one or more of the following
findings at CT: positive cotton ball sign on PVP, smoothmucosal contour,
double layer enhancement, and enhancement degree weaker than the
renal cortex on PVP

CT = computed tomography; GBWT = gallbladder wall thickening; PVP
= portal venous phase

Fig. 5 A 44-year-old female,
pathologically proven underlying
GA in the GB fundus and co-
existing intra-cystic papillary
neoplasm with associated
invasive carcinoma in the body.A
Portal venous phase transverse
CT image shows focal thickening
of the GB wall with outer border
(arrowheads), Bcotton ball sign^
in the fundus. B On T2WI of the
same patient, the pearl necklace
sign (curved arrow) is noted in
the fundus.C Portal venous phase
coronal CT image shows irregular
wall thickening of the single layer
enhancement pattern in the GB
body favouring malignancy. D
Surgical specimen of the GB. E
Photomicrograph shows
underlying GA and papillary
neoplasm. (Haematoxylin-eosin
stain; original magnification ×10).
GA = gallbladder
adenomyomatosis; GB =
gallbladder
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for diagnosing GA on CT using intramural diverticuli or the
Brosary^ sign was 36%, which is relatively low. It could be
attributed to the fact that small or collapsed RAS may not be
evidently visualised as the Brosary sign^ [2, 3] and limited soft
tissue contrast of CT in revealing small RAS. However, our
results demonstrated that the cotton ball sign at CE-CT provid-
ed significantly higher sensitivity than the pearl neckace sign at
MR while maintaining similar specificity in differentiating GA
from GB cancer. Taking into account these findings, we postu-
late that the cotton ball sign represents enhancement of the
proliferated lining mucosa of multiple small or collapsed
RASs and thus is an extended version of intramural diverticula
on CT for small or collapsed RAS in GA. Therefore, it could be
used to enhance the diagnostic performance of MDCT and
confidence in diagnosing benign GBWT.

An interesting point is that six malignant GBWTs showed a
positive cotton ball sign on CE-CT in our study. One case was
an intracystic papillary neoplasm with associated invasive car-
cinoma, which infiltrated into the co-existing underlying GA
(Fig. 5); one was adenocarcinoma with cystic changes of the
tumour glands and co-existing GA; two were adenocarcinomas
that showed cystic change with pseudo-invasion; one was well-
differentiated adenocarcinoma with cystic changes of the tu-
mour glands; the remaining one was moderately differentiated
adenocarcinoma that did not show cystic change, but rather
abundant neutrophilic infiltration suggesting the possibility of
micro-abscesses. Our study results are quite similar to those of a
previous study that reported GB cancer coexisting with GA
[27] and to another study reporting that 8.6% of well-
differentiated GB cancers with mucin production (3/35) had
cystic components and therefore mimicked adenomyomatosis
at MR imaging [28]. Until now, the presence of fluid-filled
RAS within the GBWT, which can be depicted as the pearl
necklace sign at MR or the rosary sign at CT, has been widely
accepted as being specific to a GA diagnosis [3, 10, 11].
However, GB cancer with cystic change of the tumour gland
or mucin may show similar imaging features [28]. Similarly,
application of the cotton ball sign at CT requires special caution
as well-differentiated or mucinous adenocarcinomas may show
glandular proliferation as well as cystic components in the
GBWT. Considering that there were malignant GBWTs show-
ing the cotton ball sign, we recommend a combined interpreta-
tion of the this sign with other imaging features such as the
pattern and degree of enhancement of the GB wall at CE-CT
for more reliable differentiation of benign from malignant
GBWT, as when all the four findings were present in our study,
a specificity of 98% (42/43) was achieved.

Our study has limitations. First, as we limited our study
population to those whom had undergone preoperative CT
and MR followed by cholecystectomy, there may have been
selection bias. However, such selection bias is inevitable in a
retrospective design, and our results may provide useful infor-
mation when preoperative diagnosis is challenging and

cholecystectomy is considered rather than when a GBWT
appears confidently benign. Second, in our study, 55% (16/
29) of benign GBWTs without pathologically identified GA
or RAS in our study showed the cotton ball sign and 34% (10/
29) showed the pearl necklace signs. This could be attributed
to the fact that specimens of the benign GB disease were not
completely included in the histological slide production.
Therefore, there may be a tendency toward under-reporting
GA in pathology examinations, and some true GAs may have
been categorised into the other benign entity group in our
study. Third, we could not perform pathological-radiological
correlation for the entire study sample regarding the cotton
ball sign because of the retrospective design. Last, we could
not analyse the ultrasound findings in comparison with CT
and MRI findings. Due to our retrospective design, not every
patient underwent an ultrasound examination for GB abnor-
mality. Further study regarding the correlation between the
cotton ball sign and conventional ultrasound findings such
as intramural cysts indicating RAS, intramural echogenic
spots representing intramural calcification, or cholesterol de-
posits in the RAS [15, 29–32] may offer useful information.

In conclusion, the cotton ball sign on CE-CTwas helpful in
differentiating GA from malignancy for focal or diffuse
GBWT with higher sensitivity and comparable specificity to
those of the pearl necklace sign.
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