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MRI of gallbladder cancer

Cher Heng Tan, Kian Soon Lim

ABSTRACT

Gallbladder cancer, the most common of biliary tract can-
cer, is often diagnosed at an advanced stage with ensuing
poor survival rates. Imaging may allow for earlier diagnosis,
however there may be significant overlap with nonmalignant
conditions of the gallbladder in early stages of cancer. In this
pictorial essay, we use various examples to describe the utility
of magnetic resonance imaging in the diagnosis and stag-
ing of gallbladder cancer, noting in particular the strengths
and limitations of the imaging modality. The use of diffusion-
weighted imaging as an adjunct technique for diagnosis is
also discussed.
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ing for only 1%-2% of all alimentary tract malignancies (1). The

Surveillance, Epidemiology, and End Results (SEER) Program re-
corded 5723 GBCA cases between 1988-2001 in the USA (2). Neverthe-
less, GBCA remains the most common biliary tract cancer, with a higher
prevalence than other extrahepatic biliary cancers, such as those arising
from the ampulla of Vater. At histological analysis, approximately 90%
of GBCAs are adenocarcinomas (3). GBCA has striking genetic, racial,
and geographic characteristics (4, 5). It is three times more common in
women than men, and typically occurs in patients 65 years and older (6).

G allbladder cancer (GBCA) is considered relatively rare, account-

Clinical presentation and risk factors

Affected patients usually present with nonspecific symptoms of jaun-
dice and indigestion that can be identical to symptoms of benign gall-
bladder disease, such as choledocholithiasis (7). The main risk factors
for GBCA include cholelithiasis (especially untreated chronic symptom-
atic gallstones), obesity, and chronic gallbladder infections (5, 8). Less
common associations include anomalous junction of pancreaticobiliary
ducts and porcelain gallbladder (up to 20% of patients) (5). Some authors
recommend prophylactic cholecystectomy in high-risk groups (5, 8).

Role of imaging

Early GBCA frequently presents as incidental gallbladder lesion during
radiological workup for abdominal complaints, with nonspecific imaging
appearances. Significant overlap between GBCA and benign diseases of
the gallbladder often exist on imaging, and even on histopathology (9).

Radiologist awareness and familiarity with these findings can lead to
early diagnosis and a curative outcome. Accurate assessment of the ex-
tent of the disease is vital in treatment planning and prognostication.
Although ultrasonography and computed tomography (CT) are most
commonly used in investigating gallbladder pathologies, increasing
evidence has supported the superiority of magnetic resonance imaging
(MRI). MRI offers superior soft tissue delineation of gallbladder lesions
and biliary tree. Functional techniques, such as diffusion-weighted im-
aging (DWI), provides useful information on the malignant potential of
nonspecific lesions and detection of metastases.

MRI

MRI sequences should be tailored to the clinical question. T2-weighted
sequences (usually fast spin-echo sequences with respiratory gating) are
optimal for evaluating soft tissue abnormalities involving the wall of the
gallbladder. The section thickness should be 5 mm or less, with a 1-2 mm



gap between sections. Useful addition-
al T2-weighted sequences are similar to
those used to evaluate the biliary tree
(magnetic resonance cholangiopancrea-
tography [MRCP]) (Figs. 1 and 2): heavily
T2-weighted fluid sensitive acquisition
techniques such as half-fourier acquisi-
tion single-shot turbo spin echo (HASTE).

Although T1-weighted MRI of the
gallbladder can be performed with
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Figure 1. a—e. A 65-year-old woman underwent MRI for a further
evaluation of a gallbladder mass found on routine ultrasonography. Axial
fat-saturated T2 fast spin-echo image (a) shows a mildly hyperintense,
polypoidal and intraluminal gallbladder mass (arrow). On the
T1-weighted three-dimensional fat-saturated spoiled gradient recalled
echo (LAVA) image (b), the mass (arrow) demonstrates signal intensity

intermediate to that of bile and the liver parenchyma. Axial LAVA image
(c) in the portal venous phase shows avid contrast enhancement in the
mass (arrow). Postsurgical histology confirmed gallbladder cancer. Axial
DWI image (b=1000 s/mm?) (d) shows the mass (arrow) to be markedly
hyperintense. Corresponding ADC map (e) shows the lesion (arrow) to
be hypointense, in keeping with restricted diffusion.

spin-echo or breath-hold spoiled gradi-
ent-echo techniques, the latter are su-
perior because they decrease respiratory
artifacts. Dynamic contrast material-en-
hanced fat-suppressed T1-weighted MRI
sequences improve the delineation of
the gallbladder wall and bile ducts, and
allow assessment of the liver parenchy-
ma for tumor invasion and metastatic
disease (10). In addition, we routinely

perform DWI using respiratory-triggered
(navigator-echo technique) fat-sup-
pressed single-shot echo planar imaging
in the axial plane. Tri-directional diffu-
sion gradients using three b values (0,
500, 1000 s/mm?) are applied within a
single acquisition. Parallel imaging with
an acceleration factor of two is applied
to shorten scan duration. Trace dif-
fusion images are displayed for each
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b value acquired. Pixel-based appar-
ent diffusion coefficient (ADC) maps
are routinely generated to reduce false
positives related to T2 shine through.

MRI features

In a series of 19 patients undergo-
ing MRI, the predominant patterns of
GBCA were of mass-forming and dif-
fuse wall thickening (Figs. 1 and 2) (11).
Schwartz et al. (12) showed that GBCA
manifested at MRI as focal gallblad-
der wall thickening with an eccentric
mass in 76% of cases. GBCA is typically
T1 hypointense and T2 hyperintense
compared with the surrounding liver
parenchyma (Figs. 2 and 3). Concur-
rent presence of gallstones is common,
and better demonstrated on MRI than
on CT. GBCAs show enhancement af-
ter administration of gadolinium-based
contrast material. Irrespective of con-
figuration, GBCA typically shows early
irregular contrast enhancement, which
persists into delayed images. The sensi-
tivity and specificity of MRI for a gall-
bladder lesion of 0.8 cm size and for
the presence of gallbladder neoplasia
was 100% (95% confidence interval
[CI], 77%-100%) and 70% (95% CI,
35%-93%), respectively (13).

Differential diagnoses

Perhaps the most challenging task
for radiologists in imaging GBCA is
its identification amongst many ra-
diologically similar benign gallbladder
pathologies. A variety of benign gall-
bladder pathologies may manifest as
gallbladder polypoid lesions or wall
thickening. Differentiation between
these lesions and early GBCA requires
prudence, appropriate imaging tech-
niques, and familiarity with subtle dif-
ferentiating features. Here, MRI holds
its utmost superiority over other mo-
dalities.

Acute cholecystitis

Suggestive clinical findings, a dis-
tended gallbladder in the presence
of a cystic duct or a gallbladder neck
calculus, and the presence of pericho-
lecystic fluid are important, but not
omnipresent findings of acute chole-
cystitis (14, 15). On HASTE images, the
wall thickening in acute cholecystitis
is typified by an ill-defined double-lay-
ered pattern; a broadened or interrupt-

ed hypointense inner layer (composed
of mucosa and muscle) is surrounded
by a thick hyperintense outer layer
(composed of edematous stroma and
serosa) (Fig. 3) (16). Gangrenous chole-
cystitis is complicated of ischemic ne-
crosis of the gallbladder wall with the
double-layered pattern replaced by a
single irregular layer on imaging, mim-
icking GBCA (16). Clinical correlation
and presence of ancillary findings (e.g.,
pericholecystic free fluid) are vital.
Rarely, GBCA and acute cholecystitis
coexist due to their common associa-
tion with calculous disease.

Chronic cholecystitis

The nonspecific and insidious clin-
ical presentation of chronic cholecys-
titis makes its clinical differentiation
from GBCA impossible. As with the
acute form, chronic cholecystitis man-
ifests as well-defined, double-layered
wall thickening on imaging, with a
thin hypointense inner layer and a
thick hyperintense outer layered on
HASTE images (16). Enhancement of
the inner layer in chronic cholecystitis
is usually smooth and early, followed
by delayed enhancement of the outer
layer (Fig. 4). Enhancement in GBCA
is usually irregular, occurs early and
remains prolonged (17, 18). Hence,
high resolution T2 and arterial phased
contrast enhanced images are most
useful in differentiating GBCA from
inflammatory wall thickening. The late
phases of enhancement are less useful,
as delayed wall enhancement is present
in both cholecystitis and GBCA (12).

Xanthogranulomatous cholecystitis,
an uncommon form of chronic cho-
lecystitis, is notorious for mimicking
GBCA, both clinically and on imaging
(Fig. 5). Its typical imaging features are
mass-like wall thickening, local inva-
sion and regional adenopathy. MRI
findings of xanthogranulomatous cho-
lecystitis include areas of iso- to mild
hyperintensity on T2-weighted imag-
es, which show slight enhancement at
early phase and strong enhancement
at late phase on dynamic study, corre-
sponding with areas of abundant xan-
thogranulomas. Areas with very high
signal intensity on T2-weighted imag-
es without enhancement correspond
to necrosis or abscess (Fig. 5). Notwith-
standing, preoperative differentiation
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between xanthogranulomatous chole-
cystitis and GBCA on imaging remains
challenging.

Gallbladder adenomyomatosis

The “pearl necklace” on heavily T2
images, which indicates the presence
of Rokitansky-Aschoff sinuses within
the thickened gallbladder wall, was
reported to carry high accuracy for
gallbladder adenomyomatosis (19).
However, the true specificity of this
sign has not been tested against GBCA.
Hence, presence of regional intramural
cystic spaces still warrants regular im-
aging follow-up.

Benign polyps

Small polyps are common inciden-
tal gallbladder lesions and larger ones
can mimic polypoid GBCA. Small size
(<1 cm), multiplicity, and stalked con-
figuration favor benignity. Large size
(>10 mm), rapid growth, sessile or
wide-based configuration, long ped-
icles, patient age over 50, concurrent
gallstones, and infundibular location
favor malignancy (20, 21). Malignant
polypoid lesions typically demonstrate
early and prolonged enhancement. In
contrast, benign lesions demonstrate
early enhancement with subsequent
washout (22).

Added value of functional MRI

DWT uses the ability of water mole-
cules to diffuse freely in biological tis-
sue. DWI has been studied extensively
for its capability in differentiating ma-
lignant from benign diseases in vari-
ous abdominal organs, including the
gall bladder. In theory, GBCA, with its
high cellularity, will exhibit significant
diffusion restriction and appear hyper-
intense on high b value DWI and yield
low ADC value.

Using the same imaging criteria, Su-
gita et al. (23) reported that DWI car-
ried an ADC value of over 0.94, with
mean sensitivity and specificity rates
of 83.3% and 100%, respectively, for
differentiating GBCA from benign
entities (including chronic cholecysti-
tis, adenomyomatosis, and polyps) by
DWI (b=1000 s/mm?) . In a study of 10
benign (three hyperplastic polyps and
seven adenomas) and 13 malignant
(all adenocarcinomas) polypoid gall-
bladder lesions, Irie et al. (24) reported
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Figure 2. a—e. A 70-year-old woman with weight loss underwent MRI
for further evaluation of gallbladder wall thickening and periportal
lymphadenopathy on CT. Unenhanced axial LAVA image (a) shows
circumferential mural thickening of the gallbladder (arrow), in which a
T1 hyperintense calculus sits. A hypointense liver lesion (arrowhead) is
noted in the right lobe (a). Postcontrast axial LAVA in the arterial phase
(b) shows avid enhancement of the thickened gallbladder wall (arrow),
in keeping with malignancy. The liver lesion shows rim enhancement
(arrowhead) supporting metastasis (b). Corresponding image in the
equilibrium phase (180 s) (c) shows thickened gallbladder wall (arrow)
and rim enhancing liver metastasis (black arrowhead). An enlarged
necrotic node (white arrowhead) is also noted (c). Axial DWI (b=1000 s/
mm?) (d) shows the thickened gallbladder wall (long arrow), periportal
lymph node (short arrow), and liver lesion (arrowhead) as hyperintense.
Corresponding ADC map (e) shows the thickened gallbladder wall (long
arrow), liver lesion (arrowhead), and periportal lymph node (short arrow)
as hypointense, in keeping with restricted diffusion seen in malignancy.

MRI of gallbladder cancer » 315




Figure 3. a—d. A 62-year-old man presenting with right upper quadrant pain. Axial fat-saturated T2 fast spin-echo image (a) shows
double-layered wall thickening (arrow) of the gallbladder with intermediate intensity and trace pericholecystic fluid. Multiple small stones are
present (a, arrowhead). DWI (b=1000 s/mm?) (b) shows fundal wall thickening as mass-like hyperintense lesion (arrow). Corresponding ADC
map image (c) confirms restricted diffusion in the thickened fundal wall (arrow), a finding worrisome for malignancy. Axial contrast-enhanced
LAVA image (d) in the equilibrium phase shows double-layered wall thickening (arrow) with smooth enhancement of the thin inner layer
(mucosa), in keeping with acute cholecystitis. The diagnosis was confirmed on histology.

that 12 malignant lesions appeared of
high or very high signal on high b val-
ue DWI, while only four benign lesions
appeared of high signal on DWI. Both
studies reported lower ADC values
with GBCA than benign lesions.

In our experience, GBCA consistent-
ly appears hyperintense on DWI (Figs.
1 and 2), with corresponding low sig-
nal on ADC maps. However, a signifi-
cant proportion of inflammatory wall
thickening may also exhibit similar
findings (Figs. 3 and 4). Hence, DWI

findings have to be interpreted in the
light of other findings on the morpho-
logical sequences (25).

Patterns of spread

Early spread of GBCA can be attribut-
ed to the absence of a submucosal lay-
er in the gallbladder wall. Local spread
occurs readily along the hepatoduode-
nal ligament and para-aortic region by
direct invasion, nodal, vascular, and
perineural modes. Direct liver invasion
and portal tract invasion are the main
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modes of hepatic spread from resect-
able GBCA (26).

Kondo et al. (27) classified the
modes of tumor spread in GBCA into
six distinct patterns: (1) hepatic hilum
type (tumor in the neck infiltrating
the hepatic hilum); (2) hepatic bed
type (tumor penetrates the liver with
or without contiguous spread to the
gastrointestinal tract); (3) bed and hi-
lum type (huge mass involving both
the gallbladder bed and the hepatic
hilum); (4) lymph node type (enlarged
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Figure 4. a, b. A 70-year-old man with a malignant cervical node of unknown origin underwent MRI for further evaluation of gallbladder wall
thickening seen on CT. Axial postcontrast LAVA image in the arterial phase (a) shows diffuse double-layered thickening with no significant
enhancement of the inner layer (arrow). Axial postcontrast LAVA equilibrium phase image (b) shows avid enhancement of the inner layer
relative to the outer layer, and mild segmental enhancement of the outer layer (arrow). Image-guided needle biopsy showed chronic

inflammation with fibrosis. No malignancy was seen.
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Figure 5. a—c. A 65-year-old woman with fever and right upper
quadrant pain was found to have nonspecific gallbladder wall
thickening on ultrasonography. Axial fat-saturated T2 fast spin-echo
image (a) shows diffuse gallbladder wall thickening, most marked at
the fundal region with intramural cystic foci (arrow). Corresponding
axial contrast enhanced LAVA (portal venous phase) image (b)
shows avid enhancement in the mass-like fundal thickening (arrow).
Corresponding axial contrast enhanced LAVA (delayed phase)

image (c) shows contrast washout in the thickened fundus (arrow),
suggestive of an inflammatory process. Postcholecystectomy histology
showed xanthogranulomatous cholecystitis.
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Figure 6. a, b. A 63-year-old man presenting with painless jaundice and found to have intrahepatic biliary dilatation on ultrasonography.
Coronal single-shot fast spin echo image (a) confirms intrahepatic biliary dilatation, due to soft tissue infiltration mainly along the lateral aspect
of the common hepatic duct (arrow). Coronal contrast enhanced LAVA image (b) shows the infiltrative mass (black arrow) to have arisen from
the gallbladder neck, invading the cystic and common hepatic ducts (white arrow).

metastatic lymph nodes while the pri-
mary tumor remains limited to the
gallbladder) (Fig. 2); (5) cystic duct
type (small mass arising from the cystic
duct) (Fig. 6); and (6) localized type tu-
mor localized to the gallbladder) (27).
Note that involvement of intercaval
nodes is classified as M1 disease (28).
Using an “all-in-one” MRI protocol,
including MRCP and magnetic reso-
nance angiography, the sensitivity and
specificity of MRI examination were
100% and 89% for bile duct invasion,
100% and 87% for vascular invasion,
67% and 89% for hepatic invasion, and
56% and 89% for lymph node metas-
tasis, respectively (29). Kaza et al. (30)
showed that the sensitivity and spec-
ificity of using multiphasic MRI with
MRCP in detecting hepatic invasion,
lymph node metastasis and bile duct
invasion was 87.5% and 86%, 60% and
90%, and 80% and 100%, respectively.
Gadolinium-enhanced fat-suppressed
T1-weighted images are most useful in
diagnosing tumor extent, direct inva-
sion of surrounding organs, liver me-
tastases, and involvement of critical
vascular structures such as the portal
vein and hepatic artery (10). Overdi-
agnosis of duodenal invasion is usual-
ly related to the loss of fat plane due

to respiratory motion artifacts, partial
volume effects and paucity of fat.

The additional value of DWI in as-
sessing disease extent in GBCA has
not been extensively studied. Howev-
er, DWI has been shown to be highly
accurate in detecting liver metastases
from various primary malignancies
(31-33). DWI is also highly sensitive in
nodal detection although poorly spe-
cific in diagnosing malignant nodes.
In our experience, DWI is particular
useful in detecting nodes around the
liver hilum that can be elusive on mor-
phological sequences.

Conclusion

GBCA is a lethal cancer typically di-
agnosed incidentally for routine chole-
cystectomy or by imaging. Widespread
use of MRI for abdominal conditions
makes it necessary for radiologists
to be familiar with the strengths and
limitations of this modality for GBCA
diagnosis. We have also reviewed the
pertinent MRI features of this condi-
tion that are useful in clinical practice.
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