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OBJECTIVE. The purpose of this study was to determine the accuracy of CT in differen-
tiating adenomyomatosis from gallbladder cancer.

MATERIALS AND METHODS. We retrospectively identified the cases of 36 patients
with pathologically proven adenomyomatosis (n = 22) or gallbladder cancer (n = 14) who had
undergone preoperative abdominal CT. Two reviewers independently evaluated the presence
and nature of morphologic gallbladder abnormalities, including the presence of intramural di-
verticula (i.e., small cystic-appearing spaces within the gallbladder wall). The reviewers used
a five-point scale (1, definitely absent; 5, definitely present) to rate the overall likelihood of the
presence of adenomyomatosis and gallbladder cancer. Ratings were dichotomized such that a
diagnosis was considered present at a rating of 4 or 5 and considered absent at lower ratings.

RESULTS. Reviewer 1 detected a morphologic gallbladder abnormality in 17 patients and
correctly characterized the abnormality in 14 (82%) of the patients (eight with adenomyoma-
tosis and six with gallbladder cancer). Reviewer 2 detected an abnormality in 18 patients and
was correct for 13 (72%) of the patients (eight with adenomyomatosis and five with gallbladder
cancer). In particular, reviewer 1 detected intramural diverticula in eight patients, and all had
the pathologic diagnosis of adenomyomatosis, whereas reviewer 2 detected intramural diver-
ticula in 11 patients, and eight (73%) had the pathologic diagnosis of adenomyomatosis.

CONCLUSION. CT is limited in the detection and differentiation of adenomyomatosis
and gallbladder cancer, but the diagnosis of adenomyomatosis can be made with reasonable ac-
curacy when thickening of the gallbladder wall is seen to contain small cystic-appearing spaces.

denomyomatosis, or diverticular
disease of the gallbladder, is an
acquired hyperplastic lesion char-
acterized by excessive prolifera-

tion of surface epithelium with deepened in-
vaginations extending into the thickened
muscular layer of the gallbladder wall [1].
These invaginations or diverticula are fre-
quently called Rokitansky-Aschoff sinuses.
Although this use of the term Rokitansky-
Aschoff sinuses is well established in daily
practice, it is strictly incorrect because Roki-
tansky-Aschoff sinuses are actually small
penetrations of the surface epithelium into the
gallbladder wall that are almost invariable in
adults. It is only when these sinuses are ab-
normally deep and associated with gallblad-
der wall thickening that the term adenomyo-
matosis becomes applicable. Depending on
the series of patients, adenomyomatosis is
found in 1–8.7% of cholecystectomy speci-
mens [2–4]. This wide range may reflect pop-
ulation differences or variability in the rigor-

ousness of pathologic diagnostic criteria and
assessment. Although it is relatively rare,
with approximately 4,400 new cases expected
in the United States in 2006 [5], gallbladder
cancer is an aggressive malignant tumor with
a 5-year survival rate varying from less than
10% to 40%, depending on stage [6].

The radiologic evidence of both adenomy-
omatosis and gallbladder cancer is focal or
diffuse thickening of the gallbladder wall.
Studies have addressed the imaging findings
of these diseases individually with varying
techniques, and the finding of cystlike spaces
in a thickened gallbladder wall is said to indi-
cate adenomyomatosis [7–9]. We are un-
aware, however, of any study of the utility of
CT in differentiating the two conditions. The
importance of differentiation is increasing be-
cause gallbladder wall thickening has become
a common and often incidental finding on
MDCT, which has greater spatial resolution
than previous techniques. In our clinical ex-
perience, gallbladder wall thickening can be a
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dilemma for interpreting radiologists. We un-
dertook this study to determine the accuracy
of CT in differentiating adenomyomatosis
from gallbladder cancer.

Materials and Methods
Subjects

This retrospective single-institution study was
approved by our institutional review board with
waiver of the requirement for informed consent.
The study was compliant with requirements of the
Health Insurance Portability and Accountability
Act. We performed a computerized search of our
pathology and radiology information systems for
the period from March 1997 to December 2005 to
identify patients who had undergone both abdom-
inal CT and subsequent cholecystectomy with his-
topathologic proof of adenomyomatosis or cancer.
This search yielded 36 patients, 22 with adeno-
myomatosis and 14 with gallbladder cancer. No
patient had the histopathologic finding of both ad-
enomyomatosis and gallbladder cancer. The study
group consisted of 24 women and 12 men with a
mean age of 60 years (age range, 20–86 years).
The mean interval between CT and cholecystec-
tomy was 54 days (range, 1–701 days). In the sub-
group with gallbladder cancer, the mean interval
was only 20 days (range, 1–84 days). Gallbladder
cancer was an unexpected finding in six patients.
In four of these cases, cancer was found at histo-
pathologic review after cholecystectomy for sus-
pected acute cholecystitis. In the other two cases,
cancer was found at laparoscopy for suspected
nonbiliary disease. In eight patients, gallbladder
cancer was included in the preoperative differen-
tial diagnosis because of concerning symptoms or
imaging findings. All of the patients underwent
CT because of abdominal symptoms such as pain,
discomfort, nausea, and vomiting.

CT Technique
Helical CT scans were obtained with an MDCT

(LightSpeed, GE Healthcare) (n = 26) or a single-
detector (n = 8) scanner (HiSpeed, GE Healthcare)

at slice thicknesses of 3 mm (n = 2), 5 mm (n = 26),
and 7 mm (n = 8). Two of the CT examinations
were performed at outside hospitals, and the type of
scanner was not documented. All patients received
150 mL of IV iohexol (Omnipaque 350, GE
Healthcare) 70–80 seconds before CT. Thirty-five
of 36 patients received 800 mL of oral diatrizoate
meglumine (Hypaque, GE Healthcare).

Image Interpretation
Two attending abdominal imaging radiologists

who had undergone fellowship training in body im-
aging and had 10 and 4 years of faculty experience
independently reviewed all CT scans without
knowledge of the clinical or histopathologic find-
ings. The reviewers were aware of the study design
and that patients had a diagnosis of either adeno-
myomatosis or gallbladder cancer. Images were re-
viewed on a PACS workstation (Impax, Agfa). The
reviewers recorded the presence or absence of focal
or diffuse gallbladder wall thickening as absent,
equivocal, or present. Given the inherent inaccu-
racy of measuring small distances on CT and given
that gallbladder wall thickening is partially a sub-
jective finding that incorporates the degree of gall-
bladder distention, we did not use quantitative cri-
teria for gallbladder wall thickening but relied on
the expert judgment of the reviewers. In general,
however, a gallbladder wall thicker than 3–5 mm
was considered abnormal. When recorded as
present, gallbladder wall thickening was character-
ized as solid, diverticular (defined as small cystic-
appearing spaces within the thickened wall that
were visually of fluid or near-fluid density) or as
being of other or indeterminate appearance. Finally,
on the basis of their overall evaluation, the review-
ers rated the overall likelihood of the presence of
adenomyomatosis and gallbladder cancer on the
following five-point scale: 1, definitely absent; 2,
probably absent; 3, indeterminate; 4, probably
present; 5, definitely present. Assessment of these
findings and the use of the five-point scale were not
based on quantitative criteria but were left to the ex-
pert judgment of the reviewers.

TABLE 1: Diagnostic Accuracy of CT in Diagnosis of Adenomyomatosis and 
Gallbladder Cancer

Diagnosis Sensitivity Specificity
Positive

Predictive Value
Negative

Predictive Value

Reviewer 1

Adenomyomatosis 36 (8/22) 93 (13/14) 89 (8/9) 48 (13/27)

Gallbladder cancer 43 (6/14) 91 (20/22) 75 (6/8) 71 (20/28)

Reviewer 2

Adenomyomatosis 36 (8/22) 79 (11/14) 73 (8/11) 44 (11/25)

Gallbladder cancer 36 (5/14) 91 (20/22) 71 (5/7) 69 (20/29)

Note—Values are percentages with raw numbers in parentheses.

Statistical Analysis
Ratings for the overall likelihood of adenomyo-

matosis and gallbladder cancer were dichotomized
in such a way that a diagnosis was considered
present at a rating of 4 or 5 and absent at lower rat-
ings. Histopathologic findings were used as the
standard of reference, although to elucidate any po-
tential systematic causes of misinterpretation, the
lead investigator closely reviewed CT findings and
histopathologic reports in cases of incorrect re-
viewer diagnosis. Descriptive statistics for the diag-
nosis of adenomyomatosis and gallbladder cancer
were calculated for each reviewer on the basis of
this dichotomization. The influence of tumor size
on CT detection of gallbladder cancer was exam-
ined by comparing the mean size of detected tu-
mors with that of undetected tumors. Diagnostic ac-
curacy was calculated as the percentage of correct
diagnoses by each reviewer when a convincing
morphologic abnormality was seen in the gallblad-
der wall (i.e., the overall likelihood of either ade-
nomyomatosis or gallbladder cancer was rated 4 or
5). Interobserver agreement was assessed by kappa
value (calculated on the basis of the dichotomized
ratings) and was classified as follows: poor, 0–0.20;
fair, 0.21–0.40; moderate, 0.41–0.60; good,
0.61–0.80; and excellent, 0.81–1.00 [10].

Results
Table 1 shows the sensitivity, specificity,

positive predictive value, and negative predic-
tive value of CT for the overall diagnosis of
adenomyomatosis and gallbladder cancer by
reviewers 1 and 2. Representative cases of the
pathologic conditions are shown in Figures 1
and 2. Overall, reviewer 1 detected a morpho-
logic gallbladder abnormality in 17 patients
and correctly characterized the abnormality
in 14 (82%) of the patients (eight with ade-
nomyomatosis and six with gallbladder can-
cer). Reviewer 2 detected an abnormality in
18 patients and was correct in 13 (72%) of the
cases (eight of adenomyomatosis and five of
gallbladder cancer). Review of the cases in-
correctly characterized by reviewer 1 showed
two patients had small (1 cm and 0.8 cm)
solid-appearing nodules that were considered
likely malignant, but only adenomyomatosis
was found at histopathologic review (Fig. 3).
Review of the cases incorrectly characterized
by reviewer 2 showed two cases of gallblad-
der cancer were interpreted as likely adeno-
myomatosis (Figs. 4 and 5) and that two cases
of solid-appearing focal thickening of the
gallbladder wall were considered likely ma-
lignant tumors, but only adenomyomatosis
was found in the surgical specimen (Fig. 6).
Review of one additional case that was mis-
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Fig. 1—53-year-old woman with right upper quadrant 
pain. Axial contrast-enhanced CT image shows focal 
gallbladder wall thickening at gallbladder fundus 
(arrow) appears to contain multiple small cystic 
spaces. Both reviewers considered this case definite 
adenomyomatosis, and diagnosis was confirmed at 
histopathologic examination.

Fig. 2—63-year-old man referred to our institution after 
laparoscopic cholecystectomy at another hospital was 
aborted because of finding of apparent gallbladder 
cancer. Axial contrast-enhanced CT image shows 
irregular, masslike, solid-appearing gallbladder wall 
thickening (white arrow) associated with indistinct 
interface (black arrow) with adjacent liver. Both 
reviewers considered this lesion definite gallbladder 
cancer, which was confirmed at histopathologic 
examination. Hepatic invasion was present at surgery.

Fig. 3—80-year-old woman with microhematuria. Axial 
contrast-enhanced CT image shows 1-cm solid-
appearing nodule at gallbladder fundus (arrow) that 
was considered likely malignant by reviewer 1 and 
adenomyomatosis by reviewer 2. Histopathologic 
analysis showed adenomyomatosis.

Fig. 4—70-year-old woman with painless obstructive 
jaundice. Axial contrast-enhanced CT image shows 
hourglass configuration of gallbladder and suggestion 
of intramural diverticula in fundus (arrow). 
Histopathologic analysis did not show macroscopic 
evidence of malignant tumor of gallbladder, but foci of 
malignant cells were found in gallbladder wall at 
microscopy and were considered indicative of primary 
gallbladder cancer.

Fig. 5—62-year-old woman who underwent staging of 
known gastric cancer. Axial contrast-enhanced CT 
image shows irregular thickening of gallbladder wall at 
fundus (arrow) considered likely adenomyomatosis by 
reviewer 2. Incidental finding of gallbladder cancer 
was made at surgery.

Fig. 6—73-year-old woman with abdominal pain. Axial 
contrast-enhanced CT image shows solid-appearing 
thickening of gallbladder wall at fundus (arrow) 
considered likely malignant by reviewer 2. Only 
adenomyomatosis was found at histopathologic 
review. Large right parapelvic cyst is seen as 
incidental finding.

characterized by both reviewers showed cys-
tic wall thickening in the gallbladder fundus
suggestive of adenomyomatosis (Fig. 7), but
the only finding described at histopathologic
review was a 5-mm malignant tumor in the
gallbladder neck.

With respect to specific morphologic find-
ings, reviewer 1 detected intramural diverticula
in eight patients, and all had the pathologic
finding of adenomyomatosis. Reviewer 2 de-
tected intramural diverticula in 11 patients, and
eight (73%) had the pathologic finding of ade-

nomyomatosis. Review of the images of three
patients with intramural diverticula seen by re-
viewer 2 in whom histopathologic examination
showed only gallbladder cancer showed that
reviewer 2 correctly classified one of the pa-
tients as having gallbladder cancer on the basis

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 5

4.
15

2.
10

9.
16

6 
on

 1
0/

21
/1

5 
fr

om
 I

P 
ad

dr
es

s 
54

.1
52

.1
09

.1
66

. C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



CT of Gallbladder Tumors

AJR:189, July 2007 65

of overall impression. The other two patients
had undetected cancer (Figs. 5 and 7). Review-
ers had good agreement for the diagnosis of ad-
enomyomatosis (κ = 0.73) and moderate
agreement for the diagnosis of gallbladder can-
cer (κ = 0.42).

Discussion
Sonography is unquestionably the primary

technique for the imaging of gallbladder dis-
ease. A surprising finding in our study was
that contrast-enhanced CT has a low sensitiv-
ity for gallbladder cancer (43% and 36% for
reviewers 1 and 2, respectively). This finding
reinforces the point that CT should not be
used to exclude or rule out malignant disease
of the gallbladder. Nevertheless, focal or dif-
fuse gallbladder wall thickening is a relatively
frequent observation on CT and is often inci-
dental. Our study was designed to examine
the utility of CT in the setting of gallbladder
wall thickening, in which the main diagnostic
considerations are adenomyomatosis and
gallbladder cancer, cholecystitis being less
likely in patients without symptoms.

Our results suggest that if gallbladder wall
thickening is seen, CT is reasonably accurate
in the differentiation of adenomyomatosis
from gallbladder cancer. Reviewers 1 and 2
correctly characterized such abnormalities in
82% and 72% of cases, respectively. In partic-
ular, the finding of intramural diverticula on
CT seems indicative of adenomyomatosis,
even in a population that includes patients with
gallbladder cancer. Eight of eight patients with

intramural diverticula seen by reviewer 1 had
adenomyomatosis, and eight of 11 patients
with intramural diverticula seen by reviewer 2
had adenomyomatosis. Review of the cases of
three patients with intramural diverticula seen
by reviewer 2 but in whom the histopathologic
finding was gallbladder cancer showed one
correct classification of cancer on the basis of
overall impression. The other two patients had
undetected cancer. The utility of the finding of
intramural diverticula on CT in the diagnosis
adenomyomatosis can be likened to the so-
called pearl necklace sign on MRI [9]. Our
study dealt only with CT, but results of a study
[7] involving 20 patients with proven adeno-
myomatosis suggested MRI was more accu-
rate in the diagnosis. This conclusion seems
intuitively reasonable given the excellent de-
piction of small fluid-filled structures, such as
intramural diverticula, on images obtained
with T2-weighted sequences.

The two cases of undetected cancer are
particularly instructive with respect to lessons
learned from our study. In the patient with un-
detected cancer shown in Figure 5, the find-
ing of intramural diverticula is highly ques-
tionable. Maintaining a high threshold for
making this finding should help prevent the
critical error of mistaking a malignant tumor
for a benign entity. In the patient shown in
Figure 7, there appeared to be unquestionable
cystic thickening in the gallbladder fundus,
yet the pathologic report mentioned only a 5-
mm malignant tumor in a region of the gall-
bladder remote from the radiologic finding.
Our supposition is that this patient probably
had adenomyomatosis but that this finding
was not recorded at histopathologic review
given the overriding importance of the associ-
ated malignant lesion. This scenario high-
lights the importance of judicious correlation
of histopathologic and radiologic results, par-
ticularly for findings such as adenomyomato-
sis that histopathologists may not believe
merit formal reporting. The situation also
highlights a pitfall of retrospective studies. Ir-
respective of the presumptive explanation for
the apparent misdiagnosis by reviewer 2 in
this case, our data indicate that the presence
of intramural diverticula favors a diagnosis of
adenomyomatosis. However, neither the find-
ing of intramural diverticula nor that of a nor-
mal gallbladder excludes the presence of
gallbladder cancer, particularly small or infil-
trative malignant tumors.

From a practical viewpoint, it seems reason-
able to report the presence of intramural diver-
ticula on CT as favoring the diagnosis of ade-

nomyomatosis. It also may be reasonable and
prudent to suggest follow-up sonography when
gallbladder wall thickening is seen on CT, even
if intramural diverticula are present, if for no
other reason than that any subsequent diagnosis
of gallbladder cancer can lead to a potential
malpractice claim of misdiagnosis. Another
lesson we learned from this study is that the le-
sions of adenomyomatosis can appear solid and
resemble malignant disease (Figs. 3 and 6).
This misinterpretation is clearly less dangerous
to the patient than missing a cancer diagnosis.

A number of authors [7–9, 11] have found
limitations of using CT to diagnose adenomy-
omatosis. CT findings suggesting gallbladder
carcinoma include a focal soft-tissue mass re-
placing the gallbladder lumen, biliary obstruc-
tion at the level of the porta hepatis with ductal
dilatation, lymphadenopathy, and direct he-
patic invasion. Irregular or smooth thickening
of the gallbladder wall, intraluminal masses,
and gallstones can be seen on CT in both ade-
nomyomatosis and carcinoma of the gallblad-
der [12], but our findings support the notion
that identification of intramural diverticula can
help to differentiate the two. Although not spe-
cifically addressed in our study, other causes of
focal and diffuse gallbladder wall thickening
should be remembered when this finding is
visualized in practice. These causes include
polyps of varying types, cholecystitis, hepati-
tis, cirrhosis, and ascites [13, 14].

Our study had several limitations. We as-
sessed only cases of histopathologically
proven adenomyomatosis documented in the
pathology report. Adenomyomatosis was likely
underreported in the pathology reports be-
cause this condition is considered a benign
finding. Our study therefore might have been
biased toward more severe cases. In addition,
we did not assess whether our recorded CT
findings were of value in differentiating ade-
nomyomatosis and gallbladder carcinoma
from other pathologic conditions of the gall-
bladder, such as cholecystitis. However, be-
nign and malignant diseases of the gallblad-
der commonly are differentiated at daily CT
readouts for patients without suspected acute
gallbladder inflammation, and our study was
aimed at this common clinical scenario.

We performed only limited feature analysis
of findings we considered likely to be useful
in differentiating adenomyomatosis from
gallbladder cancer. For example, we did not
specifically study the enhancement character-
istics of both entities for potential differences,
although our impression is that the solid-tis-
sue elements of both conditions become en-

Fig. 7—84-year-old woman with abdominal pain. Axial 
contrast-enhanced CT image shows cystic-appearing 
thickening of gallbladder wall at fundus (arrow) 
considered likely adenomyomatosis by reviewers 1 
and 2. Only finding at histopathologic review was 5-mm 
malignant tumor in gallbladder neck.
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hanced in relatively similar ways (Figs. 1 and
2). The gallbladder was not routinely subdi-
vided for purposes of imaging and pathologic
interpretation, and we generally assumed that
an imaging abnormality corresponded to the
reported pathologic diagnosis. Despite that
assumption, in at least one case an imaging
finding suggestive of adenomyomatosis in the
gallbladder fundus did not match the patho-
logic report of a small malignant tumor in the
gallbladder neck. We believe the CT finding
represented unreported adenomyomatosis
(Fig. 7). We cannot be certain that such errors
did not occur in other patients, and it is diffi-
cult to confirm or refute this possibility in a
retrospective study.

Our study included only patients with ade-
nomyomatosis and those with gallbladder
cancer, and the two reviewers were aware of
this study design. As such, the reviewers were
sensitized to considering these diagnoses and
may have excluded other diagnoses from con-
sideration. Our results therefore may be over-
estimates of the accuracy of reviewers in daily
practice. The interval between imaging and
surgery was variable, and it is possible that
there might have been changes in gallbladder
pathologic findings in this period. Adenomy-
omatosis, however, is a chronic condition un-
likely to change with great rapidity over time,
and among the gallbladder cancer patients,
the interval during which changes might well
have occurred was generally short (mean, 20
days; range, 1–84 days).

Our study was performed over an 8-year
period. Accordingly, the CT technique was
heterogeneous and included both single-de-
tector and MDCT scanners. We did not have
enough patients to analyze whether continu-
ing improvements in CT image quality over
the study period might have improved diag-
nostic accuracy. The relatively low sensitivity
we found for gallbladder cancer also could
have been a function of older technology at
the start of the study, although selection bias

also is likely a factor, many of the malignant
tumors being in the lower stages. Our sample
size was small. Further assessment with
larger case series may be helpful in determin-
ing ability to generalize our findings to a
broader population.

Finally, reviewers used their expert judg-
ment to evaluate specific criteria such as gall-
bladder wall thickening and to determine the
overall likelihood of the presence of gallblad-
der cancer or adenomyomatosis. Gallbladder
wall thickening is arguably a subjective ob-
servation that can be influenced by the degree
of gallbladder distention. Although we did
not record it, the degree of distention was pre-
sumably one of the factors used by reviewers
to decide whether wall thickening was present.
Likewise, with respect to the overall diagnos-
tic impression, the specific factors that influ-
enced each reviewer in arriving at a given di-
agnosis are ultimately unknown. The high
kappa values we documented for interob-
server agreement suggest the two reviewers
were using similar standards.

We conclude that CT is limited in the de-
tection and differentiation of adenomyomato-
sis and gallbladder cancer but that the diagno-
sis of adenomyomatosis can be made with
reasonable accuracy when thickening of the
gallbladder wall is seen to contain small cys-
tic-appearing spaces.
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