Japanese Journal of Radiology (2020) 38:463-471
https://doi.org/10.1007/511604-020-00931-7

ORIGINAL ARTICLE q

Check for
updates

Chronic inflammation-related radiological findings of gallbladder
adenomyomatosis

Hyeon Jin Lee' - Woo-Suk Chung'® - Ji Youn Kim' - Ji hae An' - Shinyoung Park?

Received: 19 November 2019 / Accepted: 10 February 2020 / Published online: 18 February 2020
© Japan Radiological Society 2020

Abstract

Purpose This study aimed to assess radiological findings of adenomyomatosis advancing to chronic inflammation to dif-
ferentiate between adenomyomatosis with and without chronic inflammation.

Materials and methods We retrospectively identified 79 patients with pathologically proven adenomyomatosis without
(n=10) or with chronic inflammation (n =69), who underwent computed tomography (CT) and magnetic resonance imaging
(MRYI) followed by surgery. MRI analysis included evaluation of GB wall-thickening type, presence and location of intramural
cysts, and presence of stones. CT analysis included GB wall-thickening type only. Multivariate logistic regression analysis
was used to identify the image-based findings of adenomyomatosis associated with chronic inflammation.

Results On univariate analysis, MRI-based GB wall-thickening type and presence of stones, and CT-based GB wall-thick-
ening type were significantly different between adenomyomatosis with and without chronic inflammation. On multivariate
analysis, only the absence of stones was identified as a significant predictor of adenomyomatosis without chronic inflamma-
tion (odds ratio 5.58; 95% confidence interval 1.20-26.01; p=0.029). There was no significant difference in other MRI- and
CT-based findings between adenomyomatosis with and without chronic inflammation.

Conclusion In patients with adenomyomatosis, the presence of stones was independently associated with chronic

inflammation.
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Introduction

Adenomyomatosis (ADM) of the gallbladder (GB) is a
benign, acquired pathology that is defined as the prolif-
eration of the mucosal epithelium and hypertrophy of the
muscularis mucosae, with outpouching of the mucosa into
or through the thickened muscular layer, forming so-called
Rockitansky—Aschoff sinus [1, 2]. ADM is classified into
three macroscopic types: fundal, segmental, and diffuse
[3]. ADM is not considered a premalignant lesion. ADM
theoretically requires no specific treatment, except when
symptomatic, with or without GB stones [3]. However,
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the differentiation of this condition from GB cancer is
still necessary, because of the similarity in the appearance
between ADM and GB cancer [4-6]. Segmental type ADM
reportedly has a higher risk of developing into GB cancer,
especially when occurring in the fundal region of the GB
in elderly patients [7]. Radiological follow-up or cholecys-
tectomy might be considered in patients with the segmental
type of ADM [3].

Current data do not indicate ADM as a risk factor for
malignant degeneration. However, both ADM and GB can-
cer have a common background of chronic inflammation.
GB cancer is associated with chronic inflammation due to
GB stones. Motility disorders of the GB and chronic GB
inflammation have been suspected to be associated with
the pathogenesis of ADM [3]. ADM also appears to play
a role in the formation of GB stones [8, 9]. It is possible
that chronic inflammation secondary to ADM may lead to
dysplastic changes and cancer. However, to the best of our
knowledge, no previous reports have assessed the factors
related to chronic inflammation in ADM to date.
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Therefore, the purpose of this study was to assess radio-
logical findings of ADM associated with chronic inflam-
mation that may allow prediction of ADM without chronic
inflammation to that with chronic inflammation.

Materials and methods
Patients

Between January 2007 and November 2018, among 3269
patient who underwent cholecystectomy, 184 consecutive
patients with pathologically proven ADM were identi-
fied through a review of our institutional pathological and
radiological database. The inclusion criteria were shown
as follows: (a) patients with surgically proven ADM, (b)
who underwent computed tomography (CT) and magnetic
resonance imaging (MRI) examination before surgery.
One hundred-five patients were excluded from the analysis
because (a) they did not undergo MRI and CT within three
months before surgery (n=100), (b) had suboptimal image
quality on MRI (n=4), or (c) had severe acute inflamma-
tion (n=1). Finally, 79 patients (mean age 54.0 + 14.3 years;
age range 17-82 years; male:female ratio 43:36) were
included in our study. This study population comprised 10
patients with ADM without chronic inflammation (mean
age 53.9+11.5 years; age range 38—77 years; male:female
ratio 8:2) and 69 patients with ADM with chronic inflam-
mation (mean age 54 + 14.7 years; age range 17-82 years;
male:female ratio 35:34). These 79 patients all had histo-
pathologically confirmed diagnosis by cholecystectomy.
One of the 10 patients with ADM without chronic inflam-
mation had cholesterol polyps and 2 of 69 patients with
ADM with chronic inflammation respectively had a type
I choledochal cyst and GB cancer arising from ADM. The
mean interval between imaging studies and cholecystec-
tomy was 8.7+ 11.4 days (range 1-60 days) for MRI and
16.6 +19.1 days (range 1-90 days) for CT.

Our institutional review board approved this study, and
the need to obtain informed patient consent was waived due
to the retrospective nature of the study.

MRI and CT techniques

MRI was performed with two 3-T units (Achieva 3.0 T
[n=49], Philips Medical Systems, Best, The Netherlands;
Ingenia 3.0 T [n=30], Philips Medical Systems) using a
torso phased-array coil (Achieva 3.0 T, 16 channels XL torso
coil; Ingenia 3.0 T, 32 channels dS torso coil) covering the
abdomen. Patients were asked to fast for a minimum of 6 h.
Contrast agents and antispasmodic agents were not used. At
baseline, MR images were obtained using a T1-weighted
turbo field-echo in-phase (repetition time [TR]/echo time
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[TE] 144.6/4.6 [Achieva 3.0 T, A] or 4.7/2.3 [Ingenia 3.0 T,
I]; flip angle, 55 degrees [A] or 10 degrees [I]; echo-train
length, 3 [A] or 213 [I]; matrix size, 168X 177 [A] or
176 x 176 [I]; slice thickness, 5 mm) and opposed-phased
(TR/TE 144.6/3.5 [A] or 4.7/1.2 [1]; flip angle, 55 degrees
[A] or 10 degrees [I]; echo-train length, 3 [A] or 213 [I];
matrix size, 168 X 177 [A] or 176 x 176 [I]; slice thickness,
5 mm) sequence. Additionally, a breath-hold multishot
T2-weighted sequence (TR/TE 2572.2/80 [A] or 1749.1/80
[1]; flip angle, 90 degrees; echo-train length, 25 [A] or 16 [I];
matrix size, 292 X250 [A] or 256 X 192 [I]; slice thickness,
5 mm), and a respiratory-triggered single-shot T2-weighted
(TR/TE 778.7/80 [A] or 1084/80 [I]; flip angle, 90 degrees;
echo-train length, 57 [A] or 78 [I]; matrix size, 296 X216
[A] or 320 % 254 [I]; slice thickness, 5 mm), as well as coro-
nal heavily T2-weighted (TR/TE 1398.4/140 [A] or 899/160
[1]; flip angle, 90 degrees; echo-train length, 117 [A] or 93
[I]; matrix size, 356 %303 [A] or 268 x 264 [I]; slice thick-
ness, 3 mm) sequences were used. The field of view was
350 mm and was adjusted according to the patient size. Two
methods of magnetic resonance cholangiopancreatography
(MRCP) were used to evaluate ADM. Sequence parameters
of MRCP were chosen according to the protocols optimized
by the vendor. First, a breath-hold single-section two-dimen-
sional single-shot turbo spin-echo MRCP sequence (TR/TE
5890 %930 [A] or 6176.6/920 [I]; flip angle, 90 degrees;
echo-train length, 256 [A] or 255 [I]; matrix size, 256 X 256
[A] or 320 x 255 [I]; slab thickness, 50 mm) in the coronal
plane was performed. Subsequently, a navigator-triggered
three-dimensional MRCP turbo spin-echo sequence (TR/TE
1957.2/600 [A] or 285.4/110.1 [I]; flip angle, 90 degrees;
echo-train length, 112; matrix size, 256 X 256; slab thick-
ness, 2 mm) was performed in the coronal plane. Maximum
intensity projections in an analogous orientation of navi-
gator-triggered three-dimensional MRCP turbo spin-echo
sequences were generated from the MR console using the
manufacturer’s imaging reconstruction process (Advance
Viewer; Philips Medical Systems).

CT imaging was performed with three scanners; a
16-channel MDCT scanner (Mx8000 IDT 16 [n=12],
Philips Medical Systems, Andover, MA, USA), a 64-chan-
nel MDCT scanner (Aquilion [n=37], Toshiba Medical
Systems Corp, Tokyo, Japan) and a 128-channel MDCT
(Somatom Definition Flash [n=30], Siemens Healthcare,
Forchheim, Germany). The following scanning param-
eters were used for the 16-MDCT scanner: 16 X 1.5 mm
collimation, a pitch of 1 and a rotation time of 0.75 s. The
parameters for the 64-MDCT scanner were: 64 X 0.5 mm
collimation, a pitch of 0.813 and a rotation time of 0.5 s.
The parameters for the 128-MDCT were: a 128 X 0.6 mm
collimation, a pitch of 0.8 and a rotation time of 0.5 s.
The kilovoltage and effective tube current—time charge
were between 100 and 120 kV and between 100 and
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250 mAs, respectively. Before CT scanning, each patient
had fasted for over 6 h, and received a 2 mL/kg intra-
venous dose (total volume < 150 mL; 3 mL/s) of non-
ionic contrast material through an 18-gauge angiographic
catheter inserted into a forearm vein, using an automatic
power injector (Stellant D, Medrad, Pittsburgh, PA, USA).
After obtaining unenhanced CT images, portal venous
phase images were acquired 60-70 s after administra-
tion of contrast medium. CT scans were obtained in the
supine position, and the scanning field ranged from the
diaphragmatic dome to the anal verge. All examinations
were performed during deep inspiration. Axial CT images
were reconstructed with a 3—-5 mm section thickness and
a 3-5 mm reconstruction interval for clinical interpreta-
tion. In addition to the axial images, coronal MPR images
were reconstructed with a 3—5 mm section thickness at a
3-5 mm interval.

Image analysis

Two radiologists (W.S.C. and H.J.L., with 16 and 3 years
of clinical experience in interpreting MRI and CT images,
respectively) retrospectively reviewed the MRI- and CT-
based findings in consensus. They knew that the patients had
been referred for evaluation of ADM but had no knowledge
of the final radiologic or pathologic findings. The images
were presented to the reviewers in a random sequence. All
MRI and CT scans were reviewed on a PACS worksta-
tion (INFINITT PACS M6, Infinitt Healthcare Co., Seoul,
Korea).

The following parameters were investigated on MRI: GB
wall-thickening type, presence of intramural cysts, location
of intramural cysts, and presence of stones. We classified
ADM according to the gross features of the specimens [3].
First, the fundal type was defined as a hemispheric, elevated
lesion with a central dimple located at the tip of the GB
(Fig. 1). Second, the segmental type was defined as an
annular or segmental wall-thickening that divided the GB

Fig. 1 Fundal adenomyomatosis of the gallbladder (GB) in a 60-year-
old man. Magnetic resonance (MR) images with breath-hold multi-
shot T2-weighted sequence (a) and coronal heavily T2-weighted
sequence (b) show a hemispheric, elevated lesion with intramural
cysts located at the tip of the GB (arrow). MR images demonstrate

multiple small GB stones (arrowhead). Axial (¢) and coronal (d)
computed tomography images during the portal venous phase show
fundal abnormality with enhancing epithelium and without intramu-
ral low attenuations (arrow). Fundal adenomyomatosis with chronic
inflammation was pathologically confirmed
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lumen into separate, interconnected compartments (Fig. 2).
Third, the diffuse type was defined as wall-thickening pre-
sent throughout the entire GB. MR GB wall-thickening was
classified as the fundal type or combined type (segmental
type and diffuse type). Intramural cysts were defined as a
Rokitansky—Aschoft sinus filled with bile within a thickened
GB wall that manifested as markedly hyperintense spots on
the T2-weighted MR image. Both the presence and loca-
tion of intramural cysts were evaluated. If intramural cysts
were present, the location of the intramural cysts was clas-
sified according to GB anatomy (fundus, body, and neck).
If intramural cysts were present in the fundus alone, they
were classified as “fundus”; alternatively, they were classi-
fied as “other”. The presence of stones was also analyzed.
GB stones were defined as stones within the lumen of the
GB and did not include intramural small concretions within
Rokitansky—Aschoff sinuses.

CT-based GB wall-thickening was reviewed in each con-
trast-enhanced CT image. GB wall-thickening was evaluated

>
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Fig.2 Segmental adenomyomatosis of the gallbladder (GB) in
a 43-year-old woman. Magnetic resonance (MR) images with a
breath-hold multishot T2-weighted sequence (a) and coronal heavily
T2-weighted sequence (b) show segmental thickening with intramu-
ral cysts in the body of the GB (arrow). MR images demonstrate GB
stones (arrowhead). Axial (¢) and coronal (d) computed tomography
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according to thickened wall enhancement as compared to
the adjacent normal GB wall. Fundal type of CT GB wall-
thickening was defined as a hemispheric, elevated or thick-
ened wall enhancement, with or without intramural low
attenuation, located at the tip of the GB. Combined type
was defined as segmental and diffuse-type CT GB wall-
thickening according to thickened wall enhancement, with
or without intramural low attenuation.

Histologic examination

Seventy-nine patients had a diagnosis of ADM that was
histopathologically confirmed after cholecystectomy. The
histopathologic findings in surgical specimens from all
patients were retrospectively reviewed by one pathologist.
The type of ADM was pathologically classified as fundal or
combined type. Chronic inflammation was pathologically
defined as the existence of acute inflammation, chronic
inflammation, and chronic cholecystitis. Cholelithiasis was

(CT) images during portal venous phase show segmental wall thick-
ening with contrast enhancement and without intramural low attenua-
tions at the GB body (arrow). CT images also demonstrate GB stones
(arrowhead). Segmental adenomyomatosis with chronic inflammation
was pathologically confirmed
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also pathologically reviewed for evaluation of GB stones
identified by MRI.

Statistical analysis

All of the statistical analyses were performed using R ver-
sion 3.5.2. Continuous variables were presented as mean and
standard deviation (SD) and compared using the unpaired
t test. Categorical variables were compared using Fisher’s
exact test. Univariate and multivariate analyses were per-
formed to determine the variables that were associated with
ADM without chronic inflammation. The diagnostic per-
formance of significant radiological findings in terms of the
differentiation between ADM without chronic inflammation
and ADM with chronic inflammation was performed using
receiver operating characteristic (ROC) curve analysis. To
determine the diagnostic accuracy, the area under the ROC
curve (Az) value was evaluated. The Az values acquired
from the ROC curves were statistically compared using the
paired Z test. Sensitivity, specificity, positive-predictive
value (PPV), negative-predictive value (NPV), and accuracy
of parameters for the diagnosis of ADM without chronic
inflammation were assessed using the McNemar test with
Bonferroni correction. p values of <0.05 were considered
to indicate statistical significance.

Results

The prevalence of ADM in cholecystectomized patients was
5.6% (184/3269). The prevalence of GB stones was 69.6%
(55/79) in patients with ADM, 56.7% (17/30) in patients
with fundal type of MR GB wall-thickening, and 77.6%
(38/49) in patients with combined type of MR GB wall-
thickening. All GB stones detected on MRI were patho-
logically confirmed as cholelithiasis. The mean size of GB
stones in ADM with and without chronic inflammation was
0.69+0.49 cm and 0.5+0.17 cm, respectively (p=0.189).
Pathologic diagnosis of type of ADM was consistent with
MR GB wall-thickening type.

The results of univariate and multivariate analyses of
clinical and radiological findings related to chronic inflam-
mation in patients with ADM are shown in Tables 1 and
2, respectively. Chronic inflammation in the ADM corre-
lated with MR GB wall-thickening, GB stones, and CT GB
wall-thickening in univariate analysis (p=0.031, 0.007, and
0.016, respectively), whereas multivariate analysis identified
only the absence of GB stones as a factor independently
associated with ADM without chronic inflammation (odds
ratio [OR], 5.58; 95% confidence interval [CI], 1.20-26.02;
p=0.029) (Fig. 3, 4). No significant difference was noted
between the groups in terms of the presence of intramu-
ral cysts. The location of intramural cysts also showed no

Table 1 Comparison of clinical and radiological findings in adeno-
myomatosis without and with chronic inflammation

Chronic inflammation p value
Negative Positive
Age (years, mean +SD) 539+11.5 54+14.7 0.265
Sex
Male 8 35 0.079
Female 2 34
MR GB wall-thickening
Fundal type 7 23 0.031
Combined type 3 46
Intramural cysts
Absent 2 13 0.608
Present 8 56
GB stone
Absent 7 17 0.007
Present 3 52
CT GB wall-thickening
Fundal type 7 20 0.016
Combined type 3 49

GB gall bladder, MR magnetic resonance, CT computed tomography

significant difference for differential diagnosis of ADM
without chronic inflammation and ADM with chronic
inflammation.

The Az values and ROC curves of MR GB wall-thicken-
ing, GB stones, and CT GB wall-thickening, which showed
significant differences in the univariate analysis for differ-
ential diagnosis of ADM without chronic inflammation and
ADM with chronic inflammation, are shown in Table 3 and
Fig. 5. GB stones showed the highest Az value. However,
no significant difference was found in the Az values among
the three variables (p > 0.05). The sensitivity, specificity,
PPV, NPV, and accuracy of the three variables are shown in
Table 3. GB stones showed the highest specificity, PPV, and
NPV; however, the sensitivity, specificity, PPV, NPV, and
accuracy of these three variables did not differ statistically
significantly (p > 0.05).

Discussion

In this study, we investigated whether radiological findings
could be used to distinguish between ADM with and without
inflammation. We found that the presence of stones in the
GB on MRI was associated with chronic inflammation in
patients with ADM.

The prevalence of GB stones in cholecystectomized
patients with ADM is high, ranging from 51.9 to 78%
[10]. Earlier detection of GB stones in patients with seg-
mental ADM also suggests that segmental ADM creates
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Table 2 Multivariate analysis
of associated factors for

Adenomyomatosis without chronic inflammation vs with chronic inflam-

chronic inflammation in mation
adenomyomatosis p value Odds ratio 95% confidence interval
Lower boundary Upper boundary
MR GB wall-thickening
Fundal type 0.936 1.12 0.07 16.83
Combined type 1
Intramural cysts
Absent 0.993 1.01 0.15 6.59
Present 1
GB stone
Absent 0.029 5.58 1.20 26.01
Present 1
CT GB wall-thickening
Fundal type 0.313 3.98 0.27 58.18
Combined type 1

GB gall bladder, MR magnetic resonance, CT computed tomography

Fig.3 Fundal adenomyomatosis of the gallbladder (GB) in a 53-year-
old male. Magnetic resonance (MR) images with breath-hold mul-
tishot T2-weighted sequence (a) and coronal heavily T2-weighted
sequence (b) show a hemispheric elevated lesion with intramural
cysts located at the tip of the GB (arrow). MR images demonstrate

@ Springer

no GB stone. Axial (¢) and coronal (d) computed tomography (CT)
images during the portal venous phase show fundal abnormality with
enhancing epithelium and intramural low attenuations (arrow). Fun-
dal adenomyomatosis without chronic inflammation was pathologi-
cally confirmed
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Fig.4 Risk of chronic inflammation based on the radiological findings of adenomyomatosis. Odds ratio values with 95% confidence interval val-

ues for four radiological findings are plotted

Table 3 Diagnostic accuracy of significant variables in differentiating adenomyomatosis without chronic inflammation from that with chronic

inflammation on univariate analysis

Variables AUC Sensitivity (%)

Specificity (%)

PPV (%) NPV (%) Accuracy (%)

MR GB wall-thickening  0.683 (0.524-0.843)
GB stone 0.727 (0.569-0.885)
CT GB wall-thickening ~ 0.705 (0.546-0.864)

70.0 (34.8-93.3)
70.0 (34.8-93.3)
70.0 (34.8-93.3)

66.7 (54.3-717.6)
75.4 (63.5-84.9)
71.0 (58.8-81.3)

23.3(9.942.3)
29.2 (12.6-51.1)
25.9(11.1-46.3)

93.9 (83.1-98.7)
94.5 (84.9-98.9)
94.2 (84.1-98.8)

67.1 (55.6-77.3)
74.7 (63.6-83.8)
70.9 (59.6-80.1)

Data in parentheses are the 95% CI

GB gall bladder, MR magnetic resonance, CT computed tomography, AUC area under the curve, PPV positive-predictive value, NPV negative-

predictive value

a predisposition to GB stone formation; additionally,
the prevalence of GB stones was significantly higher in
patients with segmental ADM than in those without ADM,
while the prevalence of GB stones in patients with fundal
or diffuse ADM and those without ADM was comparable
in a previous study [9]. In our study, the prevalence of
GB stones was 69.6% in patients with ADM, and more
specifically, 56.7% in patients with fundal type of MR GB
wall-thickening and 77.6% in patients with combined type
of MR GB wall-thickening. The biliary stasis in the fun-
dal compartment of segmental ADM may be responsible
for the higher prevalence of GB stones in segmental than
in fundal and diffuse ADM. Traditionally, ADM has not
been regarded as having malignant potential, although GB
cancer is associated with chronic inflammation caused by
GB stones [11]. In our univariate analysis, MR GB wall-
thickening, GB stones, and CT GB wall-thickening were
significant factors for chronic inflammation. However, GB
stones were the only significant factor identified in mul-
tivariate analysis, indicating that GB stones, but not the

type of GB wall-thickening, are significantly associated
with chronic inflammation.

Segmental ADM has a higher risk of developing into GB
cancer, particularly in the fundal region of elderly patients
[9]. In our study, one case with GB stones and combined
type of MR GB wall-thickening had a carcinoma that arose
from ADM. However, most investigators believe that devel-
opment of carcinoma is related to the presence of stones,
chronic inflammation, and metaplastic changes, rather than
to ADM per se. Thus, ADM is not considered a premalig-
nant lesion [6].

Although the pathogenesis of ADM has not been conclu-
sively established, two hypothetical causes have been pro-
posed. One is that it is a consequence of motility disorders of
the GB and the other is that it is due to chronic inflammation.
Bile stasis due to motility disorders of the GB may cause GB
stones. Some studies have reported the association between
ADM and anomalous pancreaticobiliary ductal union [12,
13]. This pancreaticobiliary maljunction may cause chronic
inflammation due to chronic reflux of pancreatic fluid,
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Fig.5 Receiver operating characteristic curve for diagnostic per-
formance of radiological findings. Receiver operating characteristic
curves for diagnostic performance of radiological findings for dif-
ferentiation of adenomyomatosis without chronic inflammation from
that with chronic inflammation

leading to carcinogenesis through hyperplasia or intestinal
metaplasia. In addition to the development of ADM, chronic
inflammation may result from ADM. Complications of GB
stones include cholecystitis, GB perforation, abscess for-
mation, biliary obstruction, pancreatitis, and fistulation into
the gastrointestinal tract. Chronic inflammation is a potent
biliary carcinogen [14]. GB stones and chronic inflamma-
tion secondary to ADM may lead to dysplasia and cancer
[15]. The present study showed the association between GB
stones and chronic inflammation in patients with ADM.
The best imaging examination for ADM is MR chol-
angiography, which specifies the location of ADM. MRI
readily demonstrates GB wall-thickening and reveals
Rokitansky—Aschoff sinus as intramural lesions, which are
hyperintense on T2-weighted images and hypointense on
T1-weighted images [16]. The MRI protocol of this study
did not include contrast enhancement. The type of GB wall-
thickening was categorized on MRI based on intramural
cysts of the thickened GB wall; enhancement was only
used in CT. Abnormal GB wall-thickening and enhance-
ment are common but nonspecific CT features of ADM.
Rokitansky—Aschoff sinus of sufficient size can be visual-
ized on CT as a rosary sign. Where Rokitansky—Aschoff
sinuses are not visible; the thickening of the GB wall and
enhancement pattern are relatively nonspecific, making it
difficult to distinguish it from other conditions, including
GB cancer [11], and indeed ADM and chronic cholecystitis
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are common diseases involving the GB that are sometimes
hard to distinguish [17]. Therefore, the type of GB wall-
thickening was classified as a fundal type and a combined
type, due to the difficulty of distinguishing the segmental
type and diffuse type, and to simplify assessment. In a uni-
variate study, although both MR GB wall-thickening and
CT GB wall-thickening were significant factors for chronic
inflammation, the p value of CT GB wall thickening, when
using contrast enhancement, was smaller than that of MR
GB wall-thickening.

ADM is mainly an asymptomatic disease. The main treat-
ment of symptomatic ADM with or without GB stone is
laparoscopic cholecystectomy [18]. However, in addition to
the definitive diagnosis of ADM, other causes of abdominal
pain must first be ruled out [1]. Treatment for asymptomatic
cases has not yet been determined. Although segmental and
diffuse type of ADM consider prophylactic cholecystectomy,
cholecystectomy cannot be recommended for a definitive
diagnosis of asymptomatic fundal type of ADM. Consider-
ing the association between GB stones and chronic inflam-
mation in patients with ADM, radiological follow-up can be
recommended for cases with fundal type ADM without GB
stones. For ADM with GB stones, particularly the combined
type, advances of chronic inflammation should be consid-
ered. In addition, cholecystectomy cannot be recommended
for all cases of fundal type ADM if not symptomatic, but the
segmental and diffuse types of ADM consider prophylactic
cholecystectomy.

The presence of intramural cysts is highly specific for
the diagnosis of ADM [19]; however, intramural cysts have
also been identified in xanthogranulomatous cholecystitis
and mucin-producing GB carcinoma [20]. Although a defi-
nite diagnosis of ADM helps to exclude the possibility of
gallbladder carcinoma, dysplastic changes and even carci-
noma may arise from adenomyomatous epithelium [21, 22].
These consequences seem to be related to the presence of
GB stones and chronic inflammation [14]. As ADM with
chronic inflammation is benign, the clinical significance of
this disease is not as great as that of GB carcinoma. Chronic
inflammation combined with or without ADM is a common
disease involving GB and may be hard to distinguish because
thickening of the GB wall is nonspecific [23, 24]. Efforts
to differentiate GB wall thickening have been made using
various imaging modalities including ultrasonography, CT,
and MRI [5, 25-29]. ADM with chronic inflammation is
sometimes hard to distinguish from other GB disease such as
ADM without chronic inflammation, xanthogranulomatous
cholecystitis, and GB carcinoma. In contrast, ADM without
GB stones exhibits chronic inflammation less frequently than
ADM with GB stones and therefore has a lower possibility
of dysplastic change or GB carcinoma.

Our study had some limitations. First, this was a ret-
rospective analysis of a small case series. The number of
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subjects was inadequate to draw generalized conclusions.
A larger subject population is therefore needed. In addition,
potential selection bias might have been present toward non-
cholecystectomized patients because we recruited patients
with surgically confirmed ADM. Second, MRI was per-
formed without enhancement; enhancement studies were
only performed in CT. Third, the type of GB wall-thick-
ening was classified as a fundal type and a combined type.
Although the segmental type of ADM has a higher risk of
developing into GB cancer, the combined type of ADM,
which includes the segmental and diffuse types, was used
for accurate and simple assessment.

In conclusion, among the radiological findings of ADM,
the presence of stones was independently associated with
chronic inflammation in patients with ADM.
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