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Abstract

Purpose: To investigate the value of contrast-enhanced
ultrasonography (CEUS) in the differential diagnosis of
malignant and benign focal gallbladder diseases confined
to the gallbladder wall.

Methods: From July 2006 to May 2016, 88 patients
(mean age 48.8 years; age range 18-77 years) were
enrolled. All patients had focal gallbladder Iesions
confined to the gallbladder wall according to CEUS
examination. The conventional ultrasound and CEUS
characteristics of the lesions were evaluated, and diag-
nostic performance was evaluated via receiver-operating
characteristic (ROC) analysis.

Results: Multiple logistic regression analysis showed that
three characteristics, an irregular shape, branched
intralesional vessels and hypo-enhancement in the late
phase, were features indicating a malignant gallbladder
disease (all P < 0.05). When combining any two of these
three features, diagnostic specificity improved from
51.5%—77.3% to 92.4% (P < 0.05 for all), and the arca
under the ROC (AUROC) curve improved from
0.735-0.874 to 0.917, without a significant loss of
sensitivity.

Conclusions: CEUS features have greater specificity than
those from conventional US for the differentiation of
benign and malignant gallbladder diseases confined to
the gallbladder wall, without a loss of sensitivity.
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Contrast-enhanced ultrasonography (CEUS) has been
used for the diagnosis of gallbladder and bile duct dis-
eases and is considered a valuable complement to con-
ventional US [1-6]. Preliminary clinical studies have
indicated that CEUS shows good diagnostic perfor-
mance in differentiating malignant from benign tumors
in gallbladder disease, and CEUS has been developed as
a highly sensitive and accurate diagnostic technique in
clinical settings [3-7]. Some CEUS features, such as
branched intralesional blood vessels, washout of the
contrast agent within 35-60 s and destruction of gall-
bladder wall integrity [3, 4, 7-10], seem to be useful clues
for differentiating between malignant and benign gall-
bladder diseases. Among these characteristics, destruc-
tion of gallbladder wall integrity shows the best
diagnostic performance [4, 7, 11]. However, approxi-
mately 20% of gallbladder carcinomas may not destroy
the gallbladder wall, which makes a differential diagnosis
both challenging and critical [12]. To the best of our
knowledge, no studies have evaluated diagnostic per-
formance for gallbladder disease confined to the gall-
bladder wall. We hypothesized that the use of CEUS
features, either alone or in combination with conven-
tional B-mode US features, would improve the accuracy
of assessing whether a lesion is malignant, thus improv-
ing patient management. The purpose of our study was
to retrospectively evaluate the diagnostic performance of
CEUS in the differentiation of malignant and benign
gallbladder disecases confined to the gallbladder wall.
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Materials and methods
Patients

This retrospective study was approved by the research
ethics board of our institution, and the need for informed
consent was waived. From July 2006 to May 2016, 642
consecutive patients who had suspicious gallbladder tu-
mors were referred for CEUS at our institution. The
inclusion criteria were as follows: (a) stationary, focal
lesions that protruded into the gallbladder lumen, (b) no
infiltration of the gallbladder wall or adjacent liver par-
enchyma, and (c) confirmed by pathological results after
surgery. Patients who showed typical US findings of
gallbladder stones, sludge, debris, and small polypoid
lesions (£0.5 cm in diameter), those with a recent coro-
nary syndrome, or those who were pregnant, lactating,
or <18 year or >80 year old were excluded from this
study. Patients in whom CEUS showed non-enhance-
ment in the three phases that was confirmed to be biliary
sludge were also excluded. Of these 642 patients, 554
patients were excluded due to the following reasons: (1)
227 patients did not undergo surgery and did not have
pathological results; (2) 92 patients had diffuse thicken-
ing of gallbladder wall and without focal lesions; (3) 43
patients had biliary sludge; (4) 192 patients had infiltra-
tion of the gallbladder wall and/or invasion of the
adjacent liver parenchyma. Finally, 88 patients with
gallbladder-confined tumors, which were confirmed by
pathological results, were included in this study. Distant
diseases, such as lymph node, peritoneal, or liver
metastases, were not detected on US imaging in these 88
patients.

The patients included 41 men and 47 women, with a
mean age of 48.8 &+ 14.5 years (range 18-77 years). In 65
(73.9%) patients, a single lesion was found, whereas in
the remaining 23 (26.1%) patients, multiple lesions were
detected. In the patients with multiple lesions, generally
the largest lesion on US was selected for analysis; how-
ever, if the largest lesion was inconspicuous on US, the
most conspicuous of the remaining lesions was selected
for analysis. Pathological examination revealed 23
cholesterol polyps, 29 adenomas (13 with atypical
hyperplasia), 14 adenomyomas, and 22 adenocarcino-
mas.

Conventional US and CEUS examination

Two US machines were used in this study, depending on
the availability of the machine. One machine was an
Acuson Sequoia 512 system (Siemens Medical Solutions,
Mountain View, Calif.), and the other was an Aplio XV
system (Toshiba Medical Systems, Tokyo, Japan). A 4V1
vector transducer with a frequency range of 1-4 MHz
was used with the Acuson Sequoia 512 scanner, and a
375BT convex transducer with a frequency range of
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1.9-6.0 MHz was used with the Aplio XV scanner. A low
mechanical index (MI) contrast-specific imaging mode of
contrast pulse sequencing (CPS; MI range 0.15-0.21) was
used in the Acuson Sequoia 512 scanner, and contrast
harmonic imaging (CHI; MI range 0.08-0.10) was used
in the Aplio XV. The contrast agent used in this study
was SonoVue (Bracco, Milan, Italy).

Conventional US and CEUS were performed by radi-
ologists with more than five years of experience with liver
US and at least two years of experience with CEUS. US
examinations were performed according to the following
standardized protocol, which was assessed at a consensus
meeting prior to the study. Each patient fasted for at least
8 h before the US examination. Initially, the entire gall-
bladder and adjacent liver parenchyma were thoroughly
examined using conventional gray-scale US, and the target
lesions were identified. The position, size, shape,
echogenicity, and lesion number were evaluated. Color
Doppler ultrasound was used to evaluate blood flow in the
lesion. After activating the contrast-specific imaging mode,
a bolus injection of 2.4 mL of SonoVue was administered
intravenously via an antecubital vein, followed immediately
by a 5-mL saline flush. A timer was started at the beginning
of contrast agent administration, and the lesion was ob-
served continuously for at least 3 min. Another bolus was
administered at least 20 min after the first bolus if the initial
enhancement was missed or if the target lesion was changed.
The gallbladder lesion enhancement process was classified
into early (10-30 s after contrast injection) and late phases
(31-180 s after contrast injection) because the blood supply
of the gallbladder is entirely arterial [13]. Baseline US
images and those from the entire early and late phases were
stored digitally on the hard disk of the imaging system and
were transferred to a personal computer for subsequent
analysis.

Image analysis

The images from conventional US and CEUS were
analyzed according to the consensus of two experienced
investigators (M.X.L. and W.W.) who had more than
8 years US and CEUS experience. These investigators
were not involved in the US and CEUS examinations
and were unaware of the clinical histories, histopatho-
logical results and other imaging findings of the patients.
The two investigators initially read the images indepen-
dently; if there was any disagreement, the images were re-
reviewed, and a determination was reached by consensus.

Patient demographic data, including age and gender,
were collected. The following conventional US features
of the gallbladder lesions were documented: diameter,
number, echogenicity relative to the gallbladder wall
(hyperechoic, isoechoic, hypoechoic, or mixed), shape
(regular or irregular) (Fig. 1), and features of the base of
the lesion (< 1/2 the diameter of the tumor or >1/2 the
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diameter of the tumor). Color Doppler imaging was then
used to assess the vascularity of the lesion, which was
classified as abundant, scarce, or none.

On CEUS images, intralesional vascularity during the
early phase was categorized as dotted (when the artery
was short and speckled), linear (when the artery was
continuous and had no branches) or branched (when the
artery was branched) (Fig. 2). The degree of enhance-
ment of the lesion was determined in reference to that of
the adjacent liver parenchyma at the same depth and was
categorized as non-, hypo-, iso-, or hyper-enhancement.
The greatest enhancement of the lesion was considered if
different enhancement levels were present, and
enhancement patterns were divided into homogeneous
and  heterogenecous enhancement. Homogeneous
enhancement indicated that all components of the lesion
were enhanced to the same extent, and heterogeneous
enhancement indicated that variable enhancement pat-
terns were seen in different components of the lesion.
Gallbladder wall integrity beneath the lesion was de-
picted using conventional US and CEUS. Gallbladder
wall visualization was categorized as distinct or indis-
tinct. Wall destruction or intactness was defined
according to whether the outer layer of the gallbladder
wall was incomplete or continuous. The time at which
contrast agent appeared in the lesion and the times at
which “iso-enhancement” and ‘hypo-enhancement”
were first noticed by the observers were recorded.

Statistical analysis

Continuous data are expressed as the mean + standard
deviation. Independent ¢ tests was applied to evaluate the
differences between benign and malignant gallbladder
diseases in terms of patient age, the size of the lesion, the
time of initial enhancement of the lesion, and the wash-
out time in the lesion. Chi-squared tests were applied to
evaluate the differences between benign and malignant
gallbladder diseases in terms of echogenicity, intrale-
sional vascularity on conventional US, and the extent
and pattern of enhancement on CEUS. A two-tailed
P value <0.05 was considered statistically significant.
Multiple logistic regression analyses were performed to
select the independent variables from the patients’ fea-
tures, as well as the US and CEUS features that were
associated with the dependent variable. The independent
variables are listed in Table I. A forward stepwise
selection method was used. The independent variables
with P values <0.05 in the multiple logistic regression
analyses were selected for the ROC curve analysis. Sen-
sitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), accuracy and the AUROC
were calculated. Differences in sensitivity, specificity, and
accuracy were compared using the McNemar test. Dif-
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Fig. 1.

Gallbladder lesion shape. A A 47-year-old woman
referred for medical examination in our hospital. Conventional
US showed an irregular gallbladder lesion (arrows). The
pathologic diagnosis was gallbladder adenocarcinoma. B A
40-year-old woman had occasional epigastric pain. Conven-
tional US showed a regular lesion in the gallbladder (arrows).
The pathologic diagnosis was cholesterol polyps.

ferences in the AUCs were assessed using the method
described by Hanley and Mc-Neil [14]. Statistical anal-
yses were performed with the SPSS 19.0 software pack-
age (SPSS, Chicago, IL.)
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<« Fig. 2. Intralesional blood vessels in gallbladder lesions on
CEUS (arrows). A A 20-year-old man had occasional epi-
gastric pain. The CEUS image shows dotted blood vessels
(arrowheads). The pathologic diagnosis was cholesterol
polyps. B A 58-year-old woman was referred for medical
examination, and the gallbladder lesion was found by chance.
The CEUS image shows linear blood vessels in the lesion
(arrowheads). The pathologic diagnosis was adenoma. C A
58-year-old man with a gallbladder lesion found by physical
examination and who received further inspection at our
institution. The CEUS image shows branched blood vessels
in the lesion (arrowheads). The pathologic diagnosis was
adenocarcinoma.

Results

The mean age of the patients with gallbladder carcinoma
(56.3 years; range 34-75 years) was significantly different
from the mean age of patients with benign gallbladder
disease (45.8 years; age 18-77 years) (P = 0.031;
Table 1). There were no significant differences between
malignant and benign gallbladder discases regarding
patient gender (P = 0.064; Table 1).

Conventional US characteristics

The mean diameter of gallbladder adenomas was
34 4+ 1.4 cm (range 1.3-7.5 cm), while the mean diam-
eter of benign gallbladder diseases was 2.2 + 0.9 cm
(range 0.4-6.0 cm; P < 0.001; Table 1). The features of
an irregular type and lesions with a base >1/2 of the
lesion diameter were more commonly found in malignant
gallbladder diseases (P < 0.001; Table 1). There were
significant differences in lesions regarding intralesional
flow signals on color Doppler imaging between malig-
nant and benign gallbladder diseases (P < 0.001;
Table 1).

CEUS features

During the early phase, intralesional blood vessels were
more often branched or linear in malignant gallbladder
diseases, whereas they were more frequently dotted in
benign diseases (P < 0.001; Table 1). There were no
significant differences between malignant and benign
gallbladder diseases in the enhancement pattern and
enhancement extent of lesions during the early phase (all
P > 0.05; Table 1). However, during the late phase, the
enhancement extent of almost half lesions appeared as
iso-enhancement in benign gallbladder diseases (47.0%,
31/66) (Fig. 3) and most lesions showed hypo-enhance-
ment in malignant gallbladder diseases (95.5%, 21/22)
(Fig. 4). Contrast arrival time, time to iso-enhancement,
and time to hypo-enhancement, however, showed no
significant differences between the two groups (Table 1).
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P value*

Benign disease

Malignancy disease

Table 1. Characteristics of the patients with gallbladder diseases

Characteristics

Total (n = 66)

Adenomyomas (n = 14)

Adenomas (n = 29)

Cholesterol polyps (n = 23)

Adenocarcinomas (n = 22)

0.031

458 £ 152

31/35

499 £ 11.5

8/6

49.1 £ 17.9

39.0 £ 11.1

10/13

56.3 + 10.9

Demographic data
Age (year)

0.064

13/16

16/6

Gender (female/male)
Conventional ultrasound

0.049
<0.001

45/21

13/1

12/11

20/2

Single lesion/multiple lesions

Diameter (cm)

1.95 + 1.08
40/13/8/5

50/16
32/34

2.62 + 1.66
4/0/5/5

1.50 + 1.33
16/5/2/0

20/3

335+ 1.37
7/5/5/5
4/18
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0.065
<0.001
<0.001
<0.001

Echogenicity (hyper-/iso-/hypo-/mix-)

Shape (regular/irregular)

12/2
6/8/0

5/18

20/2

Base of lesion (>1/2/<1/2 lesion diameter)

Vascularity(none/scarce/abundant)

CEUS

36/30/0

15/8/0

3/16/3

<0.001
0.119

51/14/1
59/7

13/1/0
8/6

22/6/1

28/1

16/7/0
23/0

3/7/12
16/6

Intralesional vessels (dotted/linear/branched)
Enhancement pattern (homo-/heterogeneous)

Enhancement extent
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Early phase (hyper-/iso-/hypo-)
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Time to hypo-enhancement (s)

Contrast arrival time (s)
Time to iso-enhancement (s)

* Comparisons between malignant and benign gallbladder diseases

Multivariate analysis of US and CEUS
characteristics

All independent variables that were significantly different
(as shown in Table 1) were submitted to multiple logistic
regression analyses. The results show that an irregular
shape (OR 18.56), branched intralesional vessels (OR
0.007) and hypo-enhancement in the late phase (OR:
0.003) were associated with a malignant gallbladder
disease (all P < 0.05; Table 2).

Diagnostic performance

Because the features of an irregular shape, branched
intralesional vessels on CEUS, and hypo-enhancement in
the late phase had the highest association with malignant
tumors, they were selected to assess diagnostic perfor-
mance. Combining the significant features of US and
CEUS, we developed a set of diagnostic criteria, which
included the combination of any two features, to predict
the malignancy of gallbladder-confined tumors. The
specificity of the combinational diagnostic criteria was
92.4% (61 of 66), which was significantly higher than the
specificity of any single feature (P < 0.05 for all;
Table 3). There were no changes in sensitivity (P > 0.05
for all; Table 3). The AUROC of the combinational
diagnostic criteria was higher than the AUROC of shape
or extent of enhancement in late phase (0.917 vs. 0.788
and 0.735, respectively, both P < 0.05; Table 3; Fig. 5).

Discussion

Clinical stage is one of the main prognostic factors for
gallbladder carcinoma [15, 16]. Patients with a disease at
a localized stage have much higher survival rates (TNM
Stages I and II have a five-year survival rate of 91% and
85%, respectively) than those with regional or distant
metastasis (Stages III and IV, 40% and 19%, respectively)
[17]. Therefore, the early diagnosis and treatment of
gallbladder carcinoma are crucial and significant. Previ-
ous studies have shown that once the lesion destroys the
gallbladder wall beneath the lesion or even infiltrates the
adjacent liver tissue, the specificity of using CEUS in
diagnosing malignancy reaches 93%—100% [4, 7, 11, 18].
However, for a lesion where the gallbladder wall is intact,
making a differential diagnosis is still difficult. In trying
to address this situation, our study found that combi-
nations of US and CEUS features were useful to radi-
ologists when differentiating gallbladder-confined
carcinoma from a benign gallbladder disease.

In the present study, combination of US and CEUS
features of gallbladder masses significantly improved the
specificity of diagnoses without a loss of sensitivity.
When combining any two of the three conditions (shape
on US; intralesional vessels and extent of enhancement in
the late phase on CEUS), the specificity improved from
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<« Fig. 3. Images from a 24-year-old man with gallbladder
adenoma. A US exhibited a hyperechoic lesion 2.6 cm in
diameter (arrow). B In the early phase of CEUS (18 s), the
gallbladder lesion (arrow) showed homogeneous hyper-en-
hancement. C The lesion (arrow) showed iso-enhancement
during the late phase.

51.5%-77.3% to 92.4%, and the AUROC reached 0.917.
Meanwhile, diagnostic sensitivity remained at 90%.
CEUS has been suggested to be helpful in identifying
malignant lesions from gallbladder masses confined to
the gallbladder wall. In many previous studies, an
improvement in diagnostic performances occurred when
adding CEUS to increase the specificity in discriminating
malignant from benign lesions [7, 19].

In this study, we found that the US and CEUS fea-
tures which could be used to distinguish malignant from
benign masses were an irregular shape, branched
intralesional vessels and hypo-enhancement in the late
phase. In contrast, benign gallbladder diseases, such as
cholesterol polyps, mostly had a regular shape, dotted
intralesional vessels and iso-enhancement in the late
phase. The morphology of benign gallbladder lesions,
such as cholesterol polyps, is mostly regular in shape, but
malignant lesions generally have an irregular shape. This
characteristic is similar to tumors in other organs [18].
This view is supported by our study. Our research shows
that branched intralesional vessels on CEUS were an
indicator of malignancy. Similar to malignancies in other
organs, most gallbladder carcinomas are hyper-vascular.
Aggressive tumor cells form channels that may function
as blood vessels to transport oxygen and nutrients [20].
Therefore, we can observe more branched vessels in
malignant gallbladder diseases on CEUS imaging. Some
previous literature [3, 21-23] has also proposed that
branched intralesional vessels on CEUS are possible
characteristics of gallbladder malignancy. Therefore,
intralesional vessels play an important role in making
differential diagnosis of benign and malignant gallblad-
der diseases.

In the present study, malignant gallbladder lesions
showed hyper-enhancement in the early phase that then
faded to hypo-enhancement in the late phase, which is
similar to hepatocellular carcinoma. However, we did
not find a discrepancy in the washout times of the con-
trast agent from the time of administration between
gallbladder carcinomas (59.7 4+ 33.7 s) and benign dis-
eases (70.7 £ 32.9 s; P = 0.233). Our previous study [7]
reported that rapid wash-out of the contrast agent within
35 s after administration may be a key predictor of
malignant gallbladder diseases. This discrepancy between
the studies may be explained by the differences in the
patient populations, such as clinical stage and tumor size.
In the present study, we only included patients with
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<4 Fig. 4. Images from a 58-year-old man with gallbladder
adenocarcinoma. A US exhibited a hypoechoic lesion sized
4.8 cm in diameter (arrow). B In the early phase of CEUS
(23 s), the gallbladder lesion (arrow) showed homogeneous
hyper-enhancement. Branched blood vessels in the lesion
were detected (arrowheads). C The lesion (arrow) showed
hypo-enhancement at 87 s after contrast agent injection and
showed continuous hypo-enhancement during the late phase.

gallbladder carcinoma without destruction of the gall-
bladder wall, which can be classified as early-stage gall-
bladder carcinoma.

It should be specifically mentioned that adenomas are
regarded as pre-malignant and should be managed with
cholecystectomy, while polyps and adenomyomas can be
treated conservatively and followed up with serial US. In
our study, 29 cases involved adenomas, and most of
them showed a regular shape (72.4%, 21/29), dotted
intralesional vessels (75.9%, 22/29), and hypo-enhance-
ment in the late phase (55.1%, 16/29). Further study is
needed to distinguish adenomas from other benign gall-
bladder lesions.

Our study had several limitations. First, our com-
parative analysis was retrospective. Our sample size was
not large enough to show benefits in some of the sub-
group analyses. Second, patients were not strictly asked
to hold their breath when they underwent CEUS exam-
ination. Respiratory movement would affect the results
of a quantitative analysis; therefore, we did not perform
a time intensity curve analysis. The observed enhance-
ment pattern on CEUS was a subjective judgment based
on visual assessments; however, quantitative analyses of
time intensity curves may be helpful in future studies.
Third, cholecystitis or an abscess with perforation may
also present as an interruption of the gallbladder wall;
therefore, discontinuity of the gallbladder wall cannot be
considered as the only diagnostic indicator of malig-
nancy in these cases. Fourth, the Aplio XV system ob-
tains low-MI images with harmonic filtering, and, unlike
in phase inversion with tissue subtraction, satisfactory
background tissue subtraction is not achieved. There-
fore, lesion echogenicity relative to the liver may be af-
fected by background liver tissue echogenicity. Fifth, the
vascular morphology may appear as linear or dotted
depending on whether it is viewed in the long or short
axis on two-dimensional CEUS images. This may affect
the radiologist’s judgment of the vascular pattern. Three-
dimensional CEUS may provide more information to
accurately assess intralesional vascularity.

In conclusion, the use of CEUS could improve diag-
nostic specificity in focal gallbladder tumors confined to
the gallbladder wall, without a loss in sensitivity, but
further prospective validation is needed.
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Table 2. The independent variables associated with the gallbladder adenocarcinomas by multiple logistic regression analysis

Characteristics B Odds ratio 95% CI P value
Shape (regular vs. irregular) 2.92 18.56 2.23-154.52 0.007
Intralesional vessels on CEUS*

Dotted vs. branched 5.03 0.007 0.000-0.719 0.036

Dotted vs. linear 1.37 0.254 0.002-28.036 0.568
Enhancement extent in late phase

Iso- vs. hypo-enhanced 3.95 0.003 0.001-0.259 0.019
Constant 5.75 314.8 NA 0.052
* The reference group is dotted intralesional vessels
Table 3. The diagnostic capability of US and CEUS in differential diagnosis between malignant and benign gallbladder diseases
Characteristic Sensitivity (%) Specificity (%) Accuracy (%) AUROC 95%Cl1 P value* P value® P value®
1 81.8% (18/22) 75.8% (50/66) 77.3% (68/88) 0.788 0.688-0.868 0.48 0.013 0.032
2 86.4% (19/22) 77.3%(51/66) 79.5% (70/88) 0.874 0.786-0.935 1.0 0.020 0.453
3 95.5% (21/22) 51.5% (34/66) 62.5% (55/88) 0.735 0.630-0.823 1.0 <0.001 0.013
4 90.0% (20/22) 92.4% (61/66) 92.0% (81/88) 0.917 0.838-0.965

1 Shape; 2 Intralesional vessels on CEUS; 3 Enhancement extent in late phase; 4: Meet any two of the three conditions; AUROC area under receiver-

operating characteristic

* Compared with Characteristic 4 on Sensitivity
# Compared with Characteristic 4 on Specificity
$ Compared with Characteristic 4 on AUROC
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Fig. 5. Receiver-operating characteristic (ROC) curves
show the diagnostic performance of CEUS in differentiating
between malignant and benign gallbladder tumors.
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