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Abstract The aim of this study was
to correlate MR findings of gallblad-
der wall thickening with pathologic
findings on the basis of the layered
pattern and to evaluate the diagnostic
value of MR imaging in gallbladder
disease. We retrospectively evaluat-
ed the source images of HASTE se-
quences for MR cholangiography in
144 patients with gallbladder wall
thickening. The layered pattern of
thickened wall was classified into
four patterns. Type 1 shows two lay-
ers with a thin hypointense inner lay-
er and thick hyperintense outer layer.
Type 2 has two layers of ill-defined
margin. Type 3 shows multiple hy-
perintense cystic spaces in the wall.
Type 4 shows diffuse nodular thick-
ening without layering. MR findings
of a layered pattern of thickened
gallbladder were well correlated with
histopathology. Chronic cholecystitis
matched to type 1, acute cholecysti-
tis corresponded to type 2, adenomy-
omatosis showed type 3, and the
gallbladder carcinomas showed type
4. All four layered patterns were as-
sociated with PPV of 73% or greater,

sensitivity of 92% or greater and
specificity of 95% or greater. Our re-
sults indicate that MR findings of
gallbladder wall thickening are char-
acteristic in each entity and correlate
well with pathologic findings. The
classification of the layered pattern
may be valuable for interpreting
thickened gallbladder wall.
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Introduction

Efforts to differentiate diffuse wall thickening, which is a
common manifestation of gallbladder diseases, have been
vigorously made in research using various imaging
modalities. Ultrasonography (US) has been the traditional
screening method of choice in the diagnosis of gallbladder
disease [1, 2]. Since the findings of thickening of the gall-
bladder on US are nonspecific, the differential diagnosis

of gallbladder disease in patients with thickened gallblad-
der wall can be difficult [3, 4]. As a means of covering
this disadvantage, magnetic resonance (MR) imaging has
been used for the evaluation of gallbladder diseases. Re-
cently, with refinements in MR imaging and MR cholan-
giography technique, MR imaging has become a modality
that has potential use to evaluate the gallbladder [5, 6].

MR cholangiography is a noninvasive imaging tech-
nique that has proven to be accurate in the diagnosis of
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bile duct abnormality. Use of MR cholangiography is in-
creasing for the evaluation of choledocholithiasis, ductal
anatomy and ductal abnormality in many biliary diseases
[7–12]. For this reason, radiologists frequently encounter
gallbladder diseases during the evaluation of the MR chol-
angiography. However, they have no concern for gallblad-
der on MR cholangiography. Besides, during our prac-

tices, we have often found layered patterns of thickened
gallbladder wall on the source image of half-Fourier ac-
quisition single-shot turbo spin-echo (HASTE) sequence
during MR cholangiography. We hypothesized that if MR
imaging can frequently reveal a particular layered pattern
of the gallbladder wall in patients with a particular disease
entity, these layered patterns would then be valuable for

Fig. 1 Chronic cholecystitis in a 45-year-old man. a Oblique
HASTE (TE=95 ms) image for MR cholangiography shows thick-
ened gallbladder wall with two layers. The margin of the thick-
ened wall is discrete. The inner layer with dark signal intensity is
uniform and thin. The outer layer is thick with high signal intensi-
ty. b Photomicrograph (original magnification, ×40; HE stain)
shows intact mucosal and muscular layers and serosal edema with
infiltrations of mononuclear inflammatory cells

Fig. 2 Acute cholecystitis in a 71-year-old woman. a Oblique
HASTE (TE=95 ms) image for MR cholangiography shows thick-
ened gallbladder wall with two layers. The margin of the thick-
ened wall is ill-defined. The inner layer is broadened and focally
interrupted. The outer layer is heterogeneous with intermediate
signal intensity. b Photomicrograph (original magnification, ×40;
HE stain) shows sloughed mucosa (arrows) and a split muscular
layer with hemorrhage and extensive acute inflammatory cell in-
filtrations
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the differential diagnosis of gallbladder diseases and give
additional information on gallbladder abnormality during
the evaluation of the bile duct on MR cholangiography.

Although MR findings of acute cholecystitis, chronic
cholecystitis and gallbladder carcinoma have been re-
ported [5, 6, 13–17], to our knowledge, MR imaging
findings in large series of patients with gallbladder dis-
ease and the schematic analysis of MR imaging findings
for gallbladder wall thickening have not been well docu-
mented. Therefore, the purpose of this study was to cor-
relate the MR findings of gallbladder wall thickening
with the pathologic findings on the basis of the layered
pattern and to evaluate the diagnostic value of HASTE
MR imaging in gallbladder disease.

Materials and methods

Subjects

By performing a computerized search of medical records and MR
imaging reports, we identified 342 patients who had undergone
preoperative MR cholangiography before cholecystectomy be-
tween January 2001 and December 2002 at our institution.
HASTE MR imaging (the source image for MR cholangiography)
of all cases was then reviewed for selection of thickened gallblad-
ders. We measured the gallbladder walls of all 342 patients on
HASTE MR imaging. A gallbladder wall more than 3-mm thick
was considered thickened [18]. One hundred ninety-eight patients
were excluded because the walls of these patients were not thick-
ened (less than 3 mm). A total of 144 patients who had a wall
thickened more than 3 mm were selected for this retrospective
study. The study population consisted of 94 men and 50 women

Fig. 3 Adenomyomatosis in a 43-year-old man. a Oblique
HASTE (TE=95 ms) image for MR cholangiography shows thick-
ened gallbladder wall with multiple cystic spaces of high signal
intensity. b Photomicrograph (original magnification, ×40; HE
stain) shows branching duct or gland-like structures (arrows) in
the wall and hyperplasia of the smooth muscle

Fig. 4 Gallbladder carcinoma in a 56-year-old woman. a Oblique
HASTE (TE=95 ms) image for MR cholangiography shows a dif-
fusely thickened gallbladder wall with homogeneous low signal
intensity. b Photomicrograph (original magnification, ×40; HE
stain) shows tumor cells replacing the entire wall
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(age range, 27–79 years; mean age, 55 years). All patients under-
went cholecystectomy (open, n=20; laparoscopic, n=124) and had
histological confirmation. Preoperative MR cholangiography was
performed in all patients for the evaluation of clinically suspected
choledocholithiasis. The mean interval from MR cholangiography
to surgery was 3.6 days (range, 0–7 days). A pathologist reviewed
the pathology reports and slides. The final patient diagnoses were
acute cholecystitis (n=64) (acute cholecystitis included acute gan-
grenous cholecystitis and acute on chronic cholecystitis), chronic
cholecystitis (n=57), adenomyomatosis (n=10), xanthogranuloma-
tous cholecystitis (n=1) and gallbladder carcinoma (n=12).

The institutional review boards at our hospitals do not require
their approval or informed patient consent for review of medical
records, files and images.

MR technique

MR imaging was performed on a 1.5-T superconducting unit
(Magnetom Vision Plus; Siemens, Erlangen, Germany) using a
body phased-array coil. Patients were asked to fast for a minimum
of 6 h. Contrast agents and antispasmodic agents were not used.
Prior to MR cholangiography, we performed axial T1-weighted
fast low-angle shot (FLASH) sequences or true fast imaging with
steady-state procession (FISP) to localize the biliary trees. MR
cholangiography was performed using a HASTE sequence with
breath holds and a half-Fourier rapid acquisition with relaxation
enhancement. We evaluated the HASTE imaging on this study. We
did not include axial T1-weighted and true FISP images in this
study because not all patients went through the same imaging se-
quence; some had T1-weighted imaging while others true FISP
imaging. We used sequential multisection acquisition (3-mm sec-
tion thickness; imaging time, 18 s) and obtained an oblique coro-
nal (10°, left anterior oblique) projection for the HASTE se-
quence. The imaging parameters were as follows: echo train
length, 128; effective echo time, 95 ms; one excitation; field of
view, 32–35 cm; matrix, 224×256. Because HASTE is a single-
shot sequence, there is no repetition time. Fat saturation was rou-
tinely used to suppress the signal from peritoneal tissue.

Image analysis

The studies were randomized and retrospectively reviewed indi-
vidually by three experienced abdominal radiologists (S.E.J, S.E.R
and B.G.C) unaware of the pathologic diagnosis. For each patient,

the layered pattern of thickened wall was determined by the pres-
ence of striation, features of the inner and outer layers and the sig-
nal intensity of each layer (compared with that of bile juice and
adjacent hepatic parenchyma) and classified into one of four pat-
terns. Type 1 pattern was defined as two layers with a discrete
margin. The inner layer showed thin, uniform, and low signal in-
tensity. The outer layer showed thick, high signal intensity
(Fig. 1a). Type 2 pattern was defined as two layers with an ill-de-
fined margin. The inner layer was broadened or interrupted. The
outer layer showed heterogeneous intermediate signal intensity
(Fig. 2a). Type 3 pattern was defined as multiple cystic spaces of
high signal intensity in the thickened wall whether or not layering
of the thickened wall was present (Fig. 3a). Type 4 pattern was de-
fined as diffuse nodular wall thickening without layering. The wall
showed homogeneous low signal intensity (Fig. 4a). Agreement
regarding the classification of the thickened gallbladder wall was
reached by consensus. Disagreements were resolved by majority
opinion. The layered patterns included in the classification scheme
were defined a priori and were based on the authors’ previous ex-
perience in reviewing MR cholangiography.

Additionally, images were evaluated for gallbladder distension,
wall thickness and pericholecystic fluid collection. Two observers
(S.E.J and S.E.R) measured the wall thickness at the most thick-
ened region and the long-axis and short-axis [magnified images
(×2) in an independent console of the MR imaging system. A gall-
bladder was considered distended when the area of its short and
long axes (in centimeters) was greater than 50 cm2 (corresponding
to a surface area of 50 cm2 × [π/4]) [19].

Histologic examination

The histopathologic findings in surgical specimens from all of the
patients were retrospectively reviewed by a pathologist, with spe-
cial emphasis on the layered pattern of the thickened wall. One ra-
diologist (S.E.J) and one pathologist (K.L) correlated the MR
findings with the histopathologic findings by means of a layer-to-
layer comparison and correlated the layered pattern on MR imag-
ing with the final histopathologic diagnosis.

Statistical analysis

To define a correlation between the layered pattern and the final
diagnosis, we obtained the positive predictive value (PPV) for
each layered pattern and the sensitivity and specificity for each

Table 1 Correlation of the layered patterns and final diagnoses of the 144 thickened gallbladder walls

Layered pattern Acute cholecystitis Chronic cholecystitis Adenomyo-matosis XGCa Gallbladder carcinoma Total

Type 1 3 55 0 0 0 58
Type 2 58 2 0 0 0 60
Type 3 0 0 10 0 1 11
Type 4 3 0 0 1 11 15
Total 64 57 10 1 12 144

aXanthogranulomatous cholecystitis.

Diagnosis Layered pattern Sensitivity (%) Specificity (%) PPVa (%)

Chronic cholecystitis Type 1 55/57(93) 84/87 (97) 55/58 (95)
Acute cholecystitis Type 2 58/64 (90) 76/80 (95) 58/60 (97)
Adenomyomatosis Type 3 10/10 (100) 133/134 (99) 10/11 (91)
Gallbladder carcinoma Type 4 11/12 (92) 128/132 (97) 11/15 (73)

Table 2 The layered patterns
associated with each diagnosis

aPPV = positive predictive val-
ue.
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histologic diagnosis. PPV indicates the probability that a specific
diagnosis is present in the case of a particular type of the layered
pattern. Sensitivity represents the probability that a particular type
of the layered pattern will be observed in patients with a specific
diagnosis. Specificity indicates the probability that a particular
type of the layered pattern will be present only when a specific di-
agnosis is present.

We used a SPSS 10.0 version (SPSS, Inc., Chicago, IL) for sta-
tistical analysis. To determine differences of ancillary findings
among histologic diagnoses, we used one-way factorial analysis of

variance (ANOVA) with Scheffe’s post-hoc test for the thickness
of the gallbladder and the χ2 test for gallbladder distension and
pericholecystic fluid. A P value of less than 0.05 was considered
to indicate a statistically significant difference.

Results

Layered pattern and pathologic correlation

Type 1 showed two layers with a discrete margin. The in-
ner layer corresponded to intact mucosa and compact
muscular layer and the outer layer corresponded patho-
logically to serosal edema (Fig. 1). Type 2 had two layers
with an ill-defined margin. On pathologic correlation, the
inner layer corresponded to sloughed mucosa and the out-
er layer to a split muscular layer with hemorrhage and ex-
tensive acute inflammatory cell infiltrations (Fig. 2).
Type 3 showed multiple cystic spaces of high signal in-
tensity in the thickened wall, consistent with Rokitansky-
Aschoff sinuses (Fig. 3). Type 4 corresponded to diffuse
tumor cell infiltrations through the entire wall (Fig. 4).

Layered pattern and corresponding diagnosis

Correlation of the layered patterns and final diagnoses of
the 144 thickened walls of gallbladder are summarized in
Table 1. Fifty-eight walls demonstrated the type 1 pattern
of two discrete layers of thin inner layer with dark signal
intensity: 55 (95%) chronic cholecystitis and 3 (5%)
acute cholecystitis. Sixty lesions demonstrated the type 2
pattern of two layers with a broadened and interrupted in-
ner layer: 58 (97%) acute cholecystitis and 2(3%) chronic
cholecystitis. Eleven walls exhibited the type 3 pattern of
multiple intramural cystic lesions: ten (90%) adenomyo-
matosis and one (10%) gallbladder carcinoma. Fifteen
walls exhibited the type 4 pattern of diffuse nodular wall
thickening with homogeneous dark signal intensity: 11
(73%) gallbladder carcinoma, 3 (20%) acute cholecystitis
and 1 (7%) xanthogranulomatous cholecystitis.

The PPVs of each pattern for the individual final di-
agnoses are given in Table 2. Three types of the layered
pattern were associated with PPVs of 91% or greater:
type 1 pattern for chronic cholecystitis, type 2 pattern for
acute cholecystitis and type 3 pattern for adenomyoma-
tosis. The remaining type 4 pattern was associated with
PPV of 73% for gallbladder carcinoma.

The layered patterns associated with each diagnosis are
summarized in Table 2, as are their corresponding sensitiv-
ity and specificity values. For chronic cholecystitis, the
type 1 pattern of discrete two layers with a thin inner layer
was also highly sensitive and specific (sensitivity, 93%;
specificity, 97%). Two cases of chronic cholecystitis of de-
creased signal intensity in the outer layer showed promi-
nent fibrosis in the muscular layer and serosa. For acute
cholecystitis, the type 2 pattern of two layers with a broad-

Fig. 5 Acute gangrenous cholecystitis in a 45-year-old man. 
a Oblique HASTE (TE=95 ms) image for MR cholangiography
shows thickened gallbladder wall without layering. The margin of
the thickened wall is ill-defined. The wall is homogeneously hy-
pointense. b Photomicrograph (original magnification, ×40; HE
stain) shows sloughed mucosa and extensive hemorrhagic necrosis
involving the entire wall



ened and interrupted inner layer is highly sensitive and
specific (sensitivity, 90%; specificity, 95%). Three cases of
acute cholecystitis showing type 4 pattern are acute gan-
grenous cholecystitis, which has extensive hemorrhagic
necrosis of the entire wall, histopathologically (Fig. 5). All
of the adenomyomatosis lesions exhibited the intramural
cystic change, making this pattern highly sensitive and spe-
cific (sensitivity, 100%; specificity, 99%). For gallbladder
carcinoma, the type 4 pattern was also highly sensitive and
specific (sensitivity, 92%, specificity, 97%). A case of ear-
ly gallbladder carcinoma with the type 3 pattern showed
involvement of the mucosal layer of tumor cells and exten-
sion to the Rokitansky-Aschoff sinuses.

Other findings and corresponding diagnoses

Gallbladder distension is significantly (P=0.0001) more
common in acute cholecystitis (63 of 64 patients) than in
chronic cholecystitis (19 of 57), adenomyomatosis (3 of
10), xanthogranulomatous cholecystitis (1 of 1) and car-
cinoma (2 of 12). The mean of gallbladder wall thickness
is 9.6±2.0 mm in acute cholecystitis, 7.2±2.7 mm in
chronic cholecystitis, 10.8±1.9 mm in adenomyomatosis
and 11.0±2.4 mm in carcinoma. There are no significant
differences among these diagnoses. Pericholecystic fluid
collection is significantly (P=0.000) more common in
acute cholecystitis (48 of 64 patients) than in chronic
cholecystitis (5 of 57), adenomyomatosis (2 of 10) and
carcinoma (4 of 12).

Discussion

In this study, we used HASTE source images for MR
cholangiography to evaluate the gallbladder wall thicken-
ing. This sequence has already been shown to be a tech-
nique for evaluating gallbladder pathology. Park et al.
[13] issued a report regarding the usefulness of MR chol-
angiography using HASTE sequence for the depiction of
cystic duct and gallbladder neck calculi in the evaluation
of cystic duct obstruction. They mentioned that gallblad-
der wall thickening in acute cholecystitis showed inter-
mediate signal intensity on HASTE image. Regan et al.
[15] described that HASTE imaging has a high degree of
accuracy in diagnosing acute cholecystitis based on the
single finding of pericholecystic high signal intensity.
However, to our knowledge, the differentiation of the
gallbladder wall thickening focusing on the layered pat-
tern using HASTE images has not yet been established.
One study describing the MR imaging features of the
wall of the gastrointestinal tract revealed that mucosa
showed low signal intensity, the submucosa high signal
intensity, the muscular propria low signal intensity and
the adventitia high signal intensity on T2-weighted high
resolutional MR images [20]. The normal gallbladder

wall is composed of four layers: the mucosa, lamina pro-
pria, an irregular muscle layer and serosa of loose con-
nective tissue. There is no muscularis mucosa or submu-
cosa [21]. Thus, we consider that the gallbladder wall
showed an inner layer of low signal intensity consisting
of the mucosal and muscular layers and outer layer of
high signal intensity of the serosa on T2-weighted images
of high resolutional MR imaging. However, there was no
discernible layering in the nonthickened normal gallblad-
der wall on HASTE images. In the cases with thickened
gallbladder wall from this study, HASTE images could
distinguish mucosa and muscle from serosa. In our study,
correlation of HASTE MR image findings and histologic
specimens of thickened gallbladder wall could suggest
that the inner layer, which has low signal intensity, repre-
sents the mucosal and muscular layers, and the outer lay-
er with high signal intensity represents the subserosal and
serosal layers.

Chronic cholecystitis showed mononuclear cell infil-
trations in the wall and subserosal fibrosis and edema on
histologic examination. The mucosa itself was generally
preserved. Intact mucosa and muscular layer correspond-
ed to the thin inner layer of dark signal intensity. Sub-
serosal edema corresponded to the thicker outer layer of
high signal intensity in most of the cases. Two cases of
chronic cholecystitis showed intermediate signal intensi-
ty of the outer layer as in the type 2 pattern. However,
intermediate signal intensity corresponded to marked
subepithelial and subserosal fibrosis. Fibrosis is a char-
acteristic finding in chronic cholecystitis; however, in
the cases from the present study, the degree of inflamma-
tory reaction and fibrosis was variable, and no signal
change was seen in most cases except for two.

In acute cholecystitis, the gallbladder wall is thickened
due to filling of the spaces by edematous fluid, extravasat-
ed blood and inflammatory cells with sloughed mucosa.
The signal of an edematous gallbladder wall would not be
suppressed completely on MR cholangiography, because
it would contain fluid although the amount might be mini-
mal. Sloughed mucosa was consistent with a broadened or
interrupted inner layer on HASTE images. Three cases of
acute cholecystitis showed a diffusely thickened wall of
the type 4 pattern. This lesion showed gangrenous chole-
cystitis on pathologic examination. Gangrenous cholecys-
titis shows ischemic necrosis of the gallbladder wall with
or without associated cystic artery thrombosis [22]. Ac-
cordingly, we suppose that total ischemic hemorrhagic ne-
crosis of the gallbladder wall corresponds to diffuse low
signal intensity of the wall without layering on HASTE
MR imaging. Differentiation between gangrenous chole-
cystitis showing a type 4 pattern and gallbladder carcino-
ma can be difficult, especially in case of gallbladder carci-
noma presenting gangrenous cholecystitis. However, in
general, ancillary findings, such as pericholecystic fluid
collection, may be helpful in the diagnosis of gangrenous
cholecystitis.

699
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Clinically, gangrenous cholecystitis portends high con-
version rates in patients undergoing laparoscopic chole-
cystectomy. It is important to identify preoperative factors
predictive of gangrenous cholecystitis so that the surgeon
may be informed of this potential complication [23, 24].

Adenomyomatosis is a subtype of chronic cholecsyti-
tis that histologically shows branching duct or gland-like
structures (Rokitansky-Aschoff sinus) in the wall and
hyperplasia of the smooth muscle [21]. Multiple intra-
mural sinuses were clearly defined as discrete, hyperin-
tense intramural cystic structures within the thickened
wall on HASTE images in our study. Other investigators
[16, 17] reported wall thickening, and intramural sinuses
were depicted on T2-weighted images as well as gado-
linium-enhanced breath-hold images. Yoshimitsu et al.
[17] suggested that the half-Fourier rapid acquisition
with relaxation enhancement is more useful for diagnosis
than other T2-weighted images or contrast-enhanced dy-
namic MR sequences. HASTE images were not included
in their study. We suggested that HASTE imaging is use-
ful for detection of intramural cystic structures.

In our study, most gallbladder carcinomas show ho-
mogeneous low signal intensity without layering; this
represents infiltration of the cancer into the wall. A case
of gallbladder carcinoma showed thickened wall with in-
tramural cystic structures corresponding to involvement
of the mucosa layer of cancer cells and extension to the
Rokitansky-Aschoff sinuses. This finding is suggestive
of varying imaging findings in gallbladder carcinoma ac-
cording to its local extension.

Xanthogranulomatous cholecystitis is a pseudotu-
moral inflammatory condition of the gallbladder that ra-
diologically simulates gallbladder carcinoma [25]. The
overlap in the imaging features of xanthogranulomatous
cholecystitis and gallbladder carcinoma makes preopera-
tive distinction between these entities virtually impossi-
ble [25, 26]. CT may demonstrate low-attenuation foci in
the gallbladder wall that correspond to the hypoechoic
nodules seen on US, which represent xanthogranuloma
or intramural abscess. There are some reports of the MR
imaging appearance of xanthogranulomatous cholecysti-
tis [27–29]. On MR imaging, intramural abscess or ne-
crosis shows as the very high signal intensity areas on
T2-weighted images without enhancement, and abundant
proliferation of foamy cells reveals as the slightly high-
intensity areas on T2-weighted images with strong en-
hancement on delayed phase [28]. However, if intramu-

ral abscess or xanthoma is not apparant, the MR findings
are nonspecific. We had only one case of xanthogranulo-
matous cholecystitis that showed a type 4 pattern, and
this case could not be differentiated from gallbladder
carcinoma on HASTE MR imaging.

Gallbladder distension and pericholecystic fluid col-
lection were significant indicators for differentiating
acute cholecystitis from the other diagnoses. However,
the maximum wall thickness was not a significant indi-
cator for differentiating disease entities.

The limitations of this study include the small number
of gallbladder carcinomas and exclusion of secondary
wall thickening. In our study, a mass replacing the gall-
bladder and the intraluminal polypoid mass of gallblad-
der carcinoma were not included. We focused on the lay-
ered pattern of thickened gallbladder wall rather than on
the local staging of tumor invasion. Some investigators
[5, 6] reported that dynamic MR imaging can be useful
for differentiating between benign and malignant gall-
bladder lesions and for evaluation of its local extension.
We suggested that if thickened gallbladder wall with lob-
ulated margin and homogeneous dark signal intensity are
seen on HASTE images during MR cholangiography for
the evaluation of choledocholithiasis, gallbladder carci-
noma is suspected and avoidance of immediate surgery
and further evaluation should be recommended. We did
not include secondary gallbladder wall thickening be-
cause there cannot be pathologic correlation. These con-
ditions include heart failure, cirrhosis, hepatitis, hypoal-
buminemia and renal failure [28]. Secondary wall thick-
ening may show the type 1 pattern, suggesting subseros-
al edema. In addition, further investigation is needed to
determine if the layered pattern that was used in this
study is valuable for other sequences or gadolinium-en-
hanced T1-weighted image.

In conclusion, MR findings of gallbladder wall thick-
ening are characteristic in each entity and correlate well
with pathologic findings. Classification of the layered pat-
tern used in this study may be a useful tool for interpreting
thickened gallbladder wall and for arriving at a differential
diagnosis between acute and chronic cholecystitis and
cholecystitis and carcinoma. Careful assessment of the
gallbladder wall on HASTE imaging during MR cholangi-
ography may be helpful for surgical planning.
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