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Abstract: Objectives: To investigate the value of contrast-enhanced ultrasound (CEUS) in the differential diagnosis
between gallbladder adenomas and gallbladder adenomas canceration. Methods: CEUS data from 34 patients (25
patients with gallbladder adenomas and 9 patients with gallbladder adenomas canceration) were retrospectively
analyzed, including the characteristics of contrast arrival time, time to peak enhancement, enhancement extend,
enhancement morphology and the intactness of gallbladder wall below the lesions. Results: On CEIS, the contrast
arrival time and the time to peak enhancement were significantly shorter in patients with gallbladder adenomas
than in patients with gallbladder adenomas canceration (12.63 + 3.37 s vs. 18.11 + 3.26 s, P < 0.001; 17.42 +
3.69svs.24.56 + 4.36 s, P < 0.001). The time to iso-enhancement showed no significant difference between the
two groups; while the time to hypo-enhancement was significantly shorter in patients with gallbladder adenomas
canceration than in patients with gallbladder adenomas (55.56 + 15.48 s vs. 84.71 + 36.07 s, P = 0.027), and
the enhancement time of the liver was significantly slower in patients with gallbladder adenomas canceration than
in patients with gallbladder adenomas (22.78 + 5.28 s vs. 16.63 + 4.66 s, P = 0.004). Using receiver operating
characteristic (ROC) analysis, the time to peak enhancement greater than 20 s had 89% sensitivity and 84% speci-
ficity for detecting patients with gallbladder adenomas canceration. The enhancement level showed no difference
between the two groups. Inhomogeneous enhancement was found in 33% (3/9) gallbladder adenoma cancera-
tion and none (0/25) of gallbladder adenoma (P < 0.01). Destruction of gallbladder wall intactness was found in
66.7% (6/9) gallbladder adenoma canceration and none (0/25) of gallbladder adenoma (P < 0.01). Conclusion:
CEUS is useful in differentiation between gallbladder adenoma and gallbladder adenoma canceration. The time to
peak enhancement, the enhancement morphology and the intactness of gallbladder wall below the lesions are the
diagnostic clues in differentiating diagnosis between gallbladder adenoma and gallbladder adenoma canceration.
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Introduction

Gallbladder adenoma is a rare benign gland-
forming neoplasm arising from mucosal epithe-
lium with malignant potential. Adenomas have
been reported in 0.2% to 0.5% of surgically
resected gallbladders [1, 2]. It has been proven
that patients with gallbladder adenoma are at
higher risk of adenoma canceration and the
rate is about 30% [3-5]. Therefore, it is of great
importance to make an early and accurate
diagnosis of gallbladder adenoma and adeno-
ma canceration.

Conventional ultrasound is the preferred initial
screening method for gallbladder disease
because it is usually less expensive than com-
puted tomography (CT) or magnetic resonance
imaging (MRI), without ionizing radiation, and
with high accuracy [6]. However, the diagnostic
accuracy of conventional ultrasound is subject-
ed to various influencing factors such as the
inappropriate position of the gallbladder, the
artifacts associated with ultrasound imaging
and insufficiency for obtaining low speed blood
flow information in the gallbladder lesions [7].
Recently, real-time contrast-enhanced ultra-
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Table 1. Clinical and conventional ultrasound data of two groups of patients

Gallbladder adenoma

Adenoma canceration

(n=25) (n=9) P

Age (year) 49 + 18 67 + 10 0.008*
Gender

Female 12 6 0.225

Male 13 3
Gallbladder wall thickness (cm) 0.31+0.06 0.32+£0.04 0.556
Tumor size (cm) 2.14 +£+0.91 2.80 £ 1.03 0.081
Tumor stalk

Wide 14 9

Narrow 11 0 0.002*

*Indicates statistically significant difference.

sound (CEUS) has been established as a reli-
able tool in the detection and characterization
of gallbladder lesions [7-9], which has the
advantages such as real-time scanning, repeat-
ability, scanning from arbitrary direction, no
radiation, and high sensitivity in depicting
macro- and micro-circulation [10].

The present study was aimed to evaluate the
value of CEUS for differential diagnosis between
gallbladder adenoma and adenoma cancera-
tion. To the best of our knowledge, differentia-
tion between gallbladder adenoma and adeno-
ma canceration with CEUS has not been report-
ed yet.

Materials and methods
Study population

The subjects were 34 patients with gallbladder
diseases underwent CEUS examination be-
tween May 2009 and February 2012. The sub-
jects were retrospectively collected from a
CEUS data bank when they met the following
criteria: 1) aged 18-80 years; 2) gallbladder pol-
ypoid lesions found at conventional ultrasound
examination; 3) patients who were referred for
exclusion of gallbladder malignancy by clini-
cians; 4) agreed to underwent CEUS examina-
tion; 5) absence of severe cardiopulmonary dis-
eases; 6) gallbladder adenoma or adenoma
canceration confirmed by pathological exami-
nation after gallbladder surgery; 7) the data of
conventional ultrasound and CEUS were com-
plete. The patients consisted of 16 males and
18 females and were aged 21 to 80 years with
an average age of 54.7 + 18.8 years old. All the
patients underwent surgery and the diagnoses
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were confirmed by histopathological evalua-
tion. Finally, 25 patients were diagnosed as
gallbladder adenoma and 9 patients as adeno-
ma canceration (Table 1).

Informed consent was obtained from all
patients before the study and the study proto-
col was approved by the local ethics
committee.

Contrast-enhanced ultrasound examination

The following ultrasound machines were used:
LOGIQ E9 (GE Healthcare, Milwaukee, WI, USA),
LOGIQ 9 (GE Healthcare, Milwaukee, WI, USA),
Aplio XV (Toshiba Medical System, Tokyo,
Japan), Acuson Sequoia 512 (Siemens Medical
Solutions, Mountain View, CA, USA), and IU 22
(Philips Medical Systems, Bothell, Wash, USA).
The imaging settings were used consistently for
the same type of ultrasound machine.
Abdominal convex transducers were used in all
the cases and the transducer frequency ranged
from 1.0 to 6.0 MHz. Contrast specific imaging
(CSl) modes were used for CEUS in all the US
systems at a low mechanical index (< 0.2) in
real time, which enables effective tissue can-
cellation and avoids destruction of microbub-
bles in the circulation. The contrast agent used
in this study was SonoVue (BR1; Bracco SpA,
Milan, Italy), consisting of phospholipid-stabi-
lized shell microbubbles filled with sulfur hexa-
fluoride gas.

Conventional ultrasound and CEUS examina-
tions were performed by one author who had
more than 5-years’ experience in CEUS and
was not involved in the data and images analy-
sis. Each patient was fasted at least 8 h before
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ultrasound examination. First, the entire gall-
bladder and adjacent liver parenchyma were
thoroughly scanned using conventional gray-
scale ultrasound and the target lesions were
identified; the position, size, shape, echogenici-
ty and lesion number were evaluated.
Subsequently, contrast-specific imaging mode
was initiated and 1.5 to 2.4 ml of contrast
agent was injected into the antecubital vein
with a bolus fashion through a 20-gauge intra-
venous cannula, followed by a flush of 5 ml
0.9% sodium chloride solution [8, 9]. The timer
was activated promptly from the beginning of
contrast agent administration and the lesion
was observed continuously for at least 3
minutes.

The enhancement process of gallbladder lesion
was classified as early phase (10-30 s after
contrast injection) and late phase (31-180 s
after the injection) since the blood supply of the
gallbladder is entirely arterial [8, 11].

Image reading

The images of conventional ultrasound and
CEUS were recorded and analyzed in consen-
sus by two experienced investigators who were
not involved in the ultrasound examination and
were unknown of the clinical histories, histo-
pathological results and other data of the
patients. On CEUS, the enhancement extent of
the lesion was referred to adjacent liver paren-
chyma and was divided into non-, hypo-, iso-
and hyper-enhancement. The highest enhance-
ment of the lesion was considered if different
enhancement levels were present. The
enhancement pattern was divided into homo-
geneous and inhomogeneous enhancement.
The following parameters were measured: con-
trast arrival time, time to peak enhancement,
time to iso-enhancement, time to hypo-
enhancement and enhancement time of the
liver. The intactness of gallbladder wall beneath
the lesion was defined as distinct and indis-
tinct. The continuity of the gallbladder wall was
also classified as intact or destroyed.

Statistical analysis

Quantitative data were expressed as mean +*
standard deviation. Student’s two-tailed t-test
and chi-squared test were used when appropri-
ate. The diagnostic performance of contrast
arrival time, time to peak enhancement, time to

1117

iso-enhancement, and time to hypo-enhance-
ment, was assessed with receiver operating
characteristic (ROC) curve and the optimal cut-
off values were estimated. Youden’s index was
calculated as sensitivity + specificity -1. All sta-
tistical analyses were performed using SPSS
16.0 software (SPSS Inc., Chicago, lllinois, USA)
and the differences were considered significant
at P < 0.05.

Results
Conventional ultrasound

The mean diameter of gallbladder adenoma
was 2.14 + 0.91 cm (range, 1.2-4.4 cm). Among
25 cases with gallbladder adenoma, 17 cases
had only one adenoma in each, 8 cases with
multiple lesions in each and 4 cases had coex-
isted stones. In patients with multiple lesions,
only the largest one was included in the analy-
sis. In 19 cases, the lesions were located in
gallbladder body, 3 in the bottom, 1 in the neck,
1 in the bottom and body, and 1 in the neck and
body. A total of 11 lesions had narrow stalks (3
cases with pedicles) and the remaining 14
cases had wide stalks.

The mean diameter of gallbladder adenoma
canceration was 2.80 + 1.03 cm (rage 1.8-5.8
cm). All cases showed single lesion in each and
one case had coexisting stone. In 4 cases, the
lesions were located in the gallbladder body, 3
in the bottom, and 2 in the neck. All 9 cases
had wide stalks (Table 1).

Enhancement morphology and extent of con-
trast-enhanced ultrasound

Homogeneous enhancement was found in all
patients with gallbladder adenoma, while in
patients with gallbladder adenoma cancera-
tion, homogeneous enhancement was found in
3 patients and heterogeneous enhancement
was found in the remaining 6 cases (P < 0.001).

In the early phase, hyper-enhancement was
found in 24 patients and iso-enhancement was
found in 1 case in patients with gallbladder
adenoma; hyper-enhancement was found in all
9 patients with gallbladder adenoma cancera-
tion (P> 0.05). In the late phase, hypo-enhance-
ment was found in 24 patients and iso-
enhancement was found in 1 case in patients
with gallbladder adenoma; hypo-enhancement
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Table 2. CEUS enhancement time in gallbladder adenoma and adenoma canceration group

Gallbladder adenoma Adenoma canceration

(n=25) (n=9) P
Contrast arrival time (s) 13.11 + 3.63 18.11 + 3.26 0.000*
Time to peak enhancement (s) 17.42 + 3.69 24.56 + 4.36 0.000*
Time to isoenhancement (s) 27.54 + 10.79 32.33+5.74 0.218
Time to hypoenhancement (s) 84.71 + 36.07 55.56 + 15.48 0.027*
Liver enhancement time (s) 16.63 + 4.66 22.78 +5.28 0.004*

*Indicates statistically significant difference.

Figure 1. Conventional ultrasound and CEUS images of gallbladder adenoma canceration. A: An isoechoic nodule
(arrow) is seen in the body of the gallbladder wall on conventional ultrasound. The diameter of the lesion is about
1.8 cm; B, C: CEUS images: 18 s after injection of contrast agent, the lesion (arrow) shows hyperenhancement and
the gallbladder wall structure beneath the lesion is not clear (B); 34 s after injection of contrast agent, the lesion
(arrow) becomes hypoenhancement (C).

Figure 2. Conventional ultrasound and CEUS images of gallbladder adenoma. A: A hyperechoic nodule is present in
the body of the gallbladder wall on conventional ultrasound. The diameter of the lesion (arrow) is about 1.7 cm; B,
C: CEUS images: 13 s after injection of contrast agent, lesion appears hyperenhancement and the gallbladder wall
structure beneath the lesion is intact (B); 45 s after injection of contrast agent, the lesion becomes hypoenhance-
ment (C).

was also found in all 9 patients with gallbladder
adenoma canceration (P > 0.05).

Enhancement time

As shown in Table 2 and Figures 1, 2, the con-
trast arrival time and the time to peak enhance-
ment were significantly shorter in patients with
gallbladder adenoma than in patients with gall-
bladder adenoma canceration (12.63 + 3.37 s
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vs. 18.11 + 3.26's; 17.42 + 3.69 s vs. 24.56 +
4.36 s; both P < 0.001). The time to iso-
enhancement, however, showed no significant
difference between the two groups. The time to
hypo-enhancement was significantly shorter in
patients with gallbladder adenomas cancera-
tion than in patients with gallbladder adeno-
mas (55.56 + 15.48 svs. 84.71 + 36.07 s, P =
0.027), and the enhancement time of the liver
was significantly slower in patients with gall-
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Table 3. The area under the ROC curve for each CEUS enhancement parameter

Enhancement time AUROC P Cut-off value Sen Spe Youden’s index
Contrast arrival time (s) 0.848 (0.705-0.991) 0.003* 14 89% 63% 0.52
Time to peak enhancement (s) 0.901 (0.787-1.000) 0.001* 20 89% 84% 0.73
Time to isoenhancement (s) 0.746 (0.565-0.926) 0.039* 28 78% 68% 0.46
Time to hypoenhancement (s) 0.161 (0.120-0.310) 0.004* 28 7% 67% -0.26
Liver enhancement time (s) 0.819 (0.660-0.978) 0.007* 17 89% 63% 0.52

*Indicates statistically significant difference. AUROC: the area under the ROC curve. rocC-Hong Xu difference between them

only the largest one was included in the analysis.

bladder adenomas canceration than in patients
with gallbladder adenomas (22.78 + 5.28 s vs.
16.63 + 4.66 s, P = 0.004). Using ROC curve
analysis, the time to peak enhancement great-
er than 20 s had a sensitivity of 89% and a
specificity of 84% for discriminating gallbladder
adenoma canceration from gallbladder adeno-
ma. The Youden'’s index was 0.73, which is the
highest among all the parameters (Table 3).

Intactness of gallbladder wall

The intactness of gallbladder wall beneath the
lesions was identified as distinct and the conti-
nuity of gallbladder wall was intact in all 25
patients with gallbladder adenoma. In patients
with gallbladder adenoma canceration, the
intactness of the gallbladder wall was depicted
as indistinct in 6 cases and the continuity of
gallbladder wall was defined as destroyed in 5
patients (P = 0.000).

Discussion

Gallbladder adenoma is an uncommon benign
epithelial neoplasm that often seen in associa-
tion with cholelithiasis, chronic cholecystitis,
and pyloric gland metaplasia [12]. Gallbladder
adenomas can be classified histologically as
tubular, papillary and tubulopapillary and they
are more common in women, with a female-to-
male ratio of 2.4:1 [2, 13]. It has been reported
that the prevalence of gallbladder adenoma
was 0.3-0.5% in gallbladder after cholecystec-
tomy due to chronic cholecystitis and calculosis
[4, 2]. With the increasing use of transabdomi-
nal ultrasound in daily clinical practice, more
and more gallbladder adenomas are detected
[14]. Gallbladder adenoma has been suggest-
ed as precancerous lesions [3-5, 15], and it is
well established that the prognosis of gallblad-
der carcinoma is poor with less than a 50%
5-year survival rate [15].
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Conventional ultrasound is usually the first
imaging test used to evaluate gallbladder dis-
ease. Ultrasound images often fail to distin-
guish between gallbladder carcinoma and
chronic cholecystitis, especially in the early
stage of gallbladder carcinoma [16, 17], as
these lesions are mucosal and do not neces-
sarily rise to appreciable wall thickening [17].
Besides that, the destruction of the gallbladder
wall beneath the lesion, and the infiltration to
the adjacent liver tissue, is hard to be visible by
conventional ultrasound [8]. CEUS has been
introduced in the diagnosis of gallbladder dis-
ease in recent years since CEUS allows depic-
tion of microvasculization and the microvasculi-
zation between the lesion and the surrounding
tissue and the difference between them might
be different [8, 9, 18]. In a previous study, using
CEUS, it was found that CEUS was more reliable
in differential diagnosis between benign and
malignant gallbladder disease when compared
with conventional ultrasound [8, 9, 18].
Adamietz et al. [19] found that patients with
acute cholecystitis showed a hyper-enhance-
ment, while patients with chronic cholecystitis
showed hypo-enhancement during CEUS exam-
ination. As aforementioned, gallbladder adeno-
ma is a precancerous lesion, conventional
ultrasound plays a pivotal role in identifying the
size of the lesion and follow-up for those
patients, but it cannot distinguish benign from
malignant gallbladder diseases accurately.

In the present study, we included 34 patients
with gallbladder adenoma or gallbladder ade-
noma canceration who had undergone CEUS
examination and gallbladder surgery and the
results of CEUS were compared with the histo-
logical results after the surgery. We found that
all patients with gallbladder adenoma showed
homogeneous enhancement, while most pa-
tients with gallbladder adenoma canceration
showed heterogeneous enhancement. Al-
though the enhancement morphology and
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extent showed significant difference between
two groups, those results might be subjected to
the observer variability. In order to assessment
the value of CEUS in differential diagnosis of
gallbladder adenoma and adenoma cancera-
tion more accurately, we compared the
enhancement time between the two groups. It
was found that the contrast arrival time and the
time to peak enhancement were significantly
shorter in patients with gallbladder adenoma
than in patients with gallbladder adenoma can-
ceration, whereas the time to hypo-enhance-
ment and enhancement time of the liver were
significantly longer in patients with gallbladder
adenoma canceration than in patients with
gallbladder adenoma. In the current study,
patients with adenoma canceration showed a
slow-enhancing and fast-weakening model.
Inconsistent with the results of our study,
Hattori et al [20] found that patients with gall-
bladder carcinoma showed a fast-enhancing
and fast-weakening model. This discrepancy
between the studies may be explained by the
differences in patient population such as clini-
cal stage, age, etc. In the present study, we only
included patients with adenoma canceration,
which could be classified as early stage gall-
bladder carcinoma. Despite some overlap, the
time to peak enhancement value greater than
20 s had a sensitivity of 89% and a specificity
of 85% for discriminating gallbladder adenoma
canceration from gallbladder adenoma, indicat-
ing that the time to peak enhancement maybe
a useful index to identify patients with adeno-
ma canceration in clinical practice.

The intactness of gallbladder wall beneath the
lesion and the continuity of the gallbladder wall
can be detected by CEUS distinctly. In our study,
the intactness and the continuity of gallbladder
were identified as distinct and intact in all 25
patients with gallbladder adenoma, whereas in
66.7% patients with gallbladder adenoma can-
ceration the intactness and the continuity of
gallbladder wall were destroyed.

Despite of the intriguing findings of this study,
some limitations should be stressed. First, the
number of the enrolled patients was small, thus
the diagnostic value of CEUS should be validat-
ed in a subsequent study with more patients.
Second, the observed enhancement pattern on
CEUS was a subjective judgment based on visu-
al assessment so that quantitative CEUS might
be a solution in the future.
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In conclusion, CEUS might be useful in making
a distinction between patients with gallbladder
adenoma and those with gallbladder adenoma
canceration. The time to peak enhancement,
the enhancement morphology and the integrity
of gallbladder wall beneath the lesion might be
diagnostic clues for differentiation between
gallbladder adenoma and gallbladder adenoma
canceration.
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