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Abstract

Objectives: To establish a diagnostic nomogram using
contrast-enhanced ultrasonography (CEUS) in gallblad-
der wall thickening mimicking malignancy and compare
with multi-detector computed tomography (MDCT).
Methods: Seventy-two patients with gallbladder wall
thickening on B-mode ultrasonography (BUS) were
examined by CEUS to develop independent predictors
for diagnosing gallbladder carcinoma. Among the 72
cases, 48 patients underwent both CEUS and MDCT.
The diagnostic performances of different sets of CEUS
criteria and MDCT were compared. A prediction model
of malignancy using CEUS was developed. The perfor-
mance of the nomogram was assessed with respect to its
calibration, discrimination, and clinical usefulness.
Results: Multivariate logistic regression indicated that
inhomogeneous enhancement in the arterial phase was
the strongest independent predictor of malignancy (odds
ratio, OR 51.162), followed by interrupted inner layer
(OR 19.788), washout time <40 s (OR 16.686), and wall
thickness >1.6 cm (OR 3.019), which were all selected
into the nomogram. Combined with the above significant
features, the diagnostic performance of CEUS
(AUC = 0917) was higher than that of MDCT
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(AUC = 0.788, P = 0.070). The predictive model using
CEUS showed good discrimination, with a concordance
index of 0.974 (0.950 through internal validation), and
good calibration. Decision curve analysis demonstrated
that the nomogram was clinically useful.

Conclusions: CEUS could accurately differentiate be-
tween malignant and benign gallbladder wall thickening
with equivalent efficacy compared to MDCT. The
proposed nomogram could be conveniently used to
facilitate the preoperative individualized prediction of
malignancy in patients with gallbladder wall thickening.

Key words: Gallbladder—Neoplasm—Contrast-
enhanced ultrasonography—Multi-detector computed
tomography—Nomogram

Gallbladder carcinoma, the most common biliary tract
cancer, is traditionally regarded as a highly lethal disease
with an overall 5-year survival of less than 5% [1].The
prognosis of gallbladder carcinoma remains poor be-
cause of nonspecific symptoms or asymptomatic pre-
sentation unless the cancer invades adjacent organs [2, 3].
At this stage, surgical intervention is no longer effective
and a mass-like lesion may be formed to replace the
gallbladder and extends into the liver [4].

At the early stage of gallbladder carcinoma, thick-
ening of the wall may be the only detectable imaging sign
[3]. B-mode ultrasonography (BUS) has been applied as
the screening method for patients with upper abdominal
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pain and jaundice [5]. In clinical settings, however, gall-
bladder wall thickening can also occur in a wide range of
benign diseases, such as cholecystitis, adenomyomatosis,
and hypoalbuminemia [6]. Most benign wall thickening
can be confirmed if the gallbladder wall is regularly
thickened with clear layering. However, making a precise
preoperative diagnosis may be difficult when the images
mimic malignancy, such as in focal, asymmetrical or
irregular thickening of the wall visualized by BUS. Be-
cause there is no specific tumor marker on serological
examination [6], an additional technology such as com-
puted tomography (CT) and endoscopic US would be
helpful for differentiation [7, 8]. Although superior to
trans-abdominal US and CT, endoscopic US is more
invasive than transcutaneous ultrasound, and takes
longer time with sedation [9-11]. Final diagnosis was
most frequently dependent on CT because it allows en-
hanced visualization of the gallbladder lesions [3, 12, 13].

The wuse of contrast-enhanced ultrasonography
(CEUS) in gallbladder diseases, a modality that can re-
veal the macro- and microcirculation of gallbladder le-
sions, is at early stage with limited experience [14]. The
role of CEUS in gallbladder diseases still remains unclear
[15-18]. Because the blood supply of gallbladder is pro-
vided entirely by the cystic artery without portal vein
branches, the vascular phases of the gallbladder are dif-
ferent from those of the liver. [19]. In other words, hyper-
enhancement in the arterial phase with washout cannot
provide sufficient information to distinguish between
malignant and benign gallbladder diseases [20]. However,
other characteristics such as vascularity, enhancement
time, and washout time may be helpful for differentiation
due to real-time scanning in CEUS.

Table 1. Ultrasound features of gallbladder wall-thickening
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To our knowledge, no study has assessed the value of
CEUS in the diagnosis of gallbladder wall thickening
compared with CT. In this study, we proposed a CEUS
diagnostic nomogram for irregular gallbladder wall
thickening diseases suspected to be malignancies by
BUS, aiming to retrospectively compare the diagnostic
tests of CEUS and CT.

Methods
Study populations

This retrospective study was approved by the Institu-
tional Review Board of the First Affiliated Hospital of
Sun Yat-Sen University, and informed consent was ob-
tained from all of the patients. From July 2005 to Aug
2015, we enrolled 82 patients who had focal or irregular
thickening of gallbladder wall and underwent both BUS
and CEUS. The inclusion criteria were as follows: (1)
imaging on BUS showed focal (n = 5) or irregular
(n = 77) gallbladder wall thickening (=0.4 cm); (2) cases
who received both BUS and CEUS examinations; and
(3) all cases were confirmed by pathologic examination
after surgery. Exclusion criteria included (1) an intralu-
minal polypoid nodula without wall thickening on BUS;
(2) a mass formation replacing the gallbladder with dis-
appearance of the lumen and the wall of gallbladder; (3)
metastases in liver or lymph node were visible on the CT
or US (n = 2); (4) recent coronary syndrome, pregnancy
or lactation, age <18 years or >80 years. A total of 72
patients were finally included (Table 1) in the CEUS
imaging analysis. Among the 72 cases, there were 48
patients also underwent multi-detector CT (MDCT) in
our institution within 2 weeks before or after CEUS

Benign (n = 39) Malignant (n = 33) P
Basic characteristics
Gender (female/male) 15/24 11/22 0.652
Age (years)t 54 £+ 12 (32-80) 64 + 11 (28-80) 0.001*
CA 19-9 >35 (U/mL) 12.0 (30.8) 17.0 (51.5) 0.074

Wall thickness (cm)T 1.2 £ 0.4 (0.7-2.5) 1.9 + 0.7 (0.8-4.0) <.001*
BUS
Cholecystolithiasis 19 (48.7) 12 (36.4) 0.291
Interruption of the inner layer 20 (51.3) 30 (90.9) 0.001*
Interruption of the outer layer 18 (46.2) 29 (87.9) 0.001*
CEUS
Time to commencement of enhancedf 15 + 3 (9-23) 15 + 4 (9-26) 0.646
Washout time(s)t 47 £ 27 (26-125) 30 £+ 6 (19-43) 0.008*
Duration of enhancement(s) 31 £ 27 (10-110) 14 £ 5 (6-24) 0.007*
Tortuous vessels 13 (33.3) 28 (84.8) <.001*
Early enhancement of adjacent liver 9 (23.1) 2 (6.1) 0.051
Invasion of adjacent liver 2(5.1) 14 (42.4) <.001*
Enhancement patterns in arterial 8/17/14 27/5/1 <.001%*
phase (inhomogeneous enhanced/
homogeneous hyper-enhanced/stratified
enhanced)
Interruption of the inner layer 7 (17.9) 28 (84.9) <.001*
Interruption of the outer layer 9 (23.1) 25 (75.8) <.001*

Unless otherwise indicated, data are number of cases, with percentages in parentheses

T Data are means £ standard deviations, with ranges in parentheses
* P < 0.05
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From July 2005 to Aug 2015, 200 patients
with gallbladder diseases received both
BUS and CEUS examination

93 patients had intraluminal
polypoid nodula without wall
thickening, and 25 patients had
a mass formation replacing the
gallbladder with disappearance
of the lumen and the wall of
gallbladder on BUS

\ 4

A 4

82 patients had focal (n=5) or
irregular (n=77) gallbladder wall
thickening (= 0.4 cm) on BUS

8 patients did not receive

| surgery, and the diagnoses were

not confirmed by pathologic
examination

A 4

74 patients were confirmed
by pathologic examination
after surgery

_|2 patients had metastases in liver
or lymph node on CT or US

A 4

72 patients was included in
CEUS imaging analysis

24 patients did not
underwent MDCT in our
| institution within 2 weeks
before or after CEUS

A

48 patients had BUS, CEUS,
and MDCT in our institution,
and all images can be acquired

Fig. 1. Flow diagram of the selection of patients.

examination, and all thin slice images can be acquired
(Fig. 1).

Imaging techniques

Two series of US equipments were used: (1) Acuson
Sequoia 512 (Siemens Medical Solutions, Mountain
View, CA), with a 4 VI vector transducer (frequency
range, 1.0-4.0 MHz) and a contrast-specific mode of
contrast pulse sequencing (CPS); and (2) Aplio SSA-770
or Aplio 500 (Toshiba Medical Systems, Tokyo, Japan),
with a 375BT convex transducer (frequency range,
1.9-6.0 MHz) and a Contrast Harmonic Imaging (CHI)
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mode. The mechanical index was <0.1 when contrast-
specific imaging modes were initiated in both US sys-
tems. Both BUS and CEUS were performed by radiol-
ogists (X.Y.X. and X.H.X.), each of whom had at least
5 years of experience in gallbladder CEUS. In each pa-
tient, BUS and CEUS examinations were performed by
the same radiologist. Each patient underwent fasting at
least 8 h before US examination, and a complete BUS
scanning of the gallbladder and liver before CEUS. The
US contrast agent used in this study was BR1 (SonoVue,
Bracco Imaging, Milan, Italy), which consisted of
phospholipid-stabilized shell microbubbles filled with
sulfur hexafluoride gas. A dose of 2.4 mL of SonoVue
was then administered as a bolus via the antecubital vein
(within 1-2 s), followed by a flush of 5 mL of 0.9%
normal saline using a 20-gauge cannula, and the imaging
mode was shifted to the contrast-specific imaging mode
at the same time. The transducer was kept in a
stable position to record the gallbladder CEUS images
continuously for a period of 120 s, without any change in
the machine settings. After 120 s, the transducer was
moved to scan the liver to exclude liver infiltration or
liver metastasis. Different from the liver, the CEUS
phases of the gallbladder were classified as the arterial
phase (<30 s) and venous phase (31-120 s) [21].

Before MDCT scanning, each patient also underwent
fasting at least 8 h. The standard dynamic contrast-en-
hanced MDCT scan (Aquilion 64; Toshiba Medical
System, Tokyo, Japan) procedure was as follows. After
an unenhanced helical sequence scan through the liver
and gallbladder, arterial and portal venous phase con-
trast-enhanced CT were performed after 37 and 70 s
delay following intravenous administration of
80-100 mL (1.5 mL/kg) of iodinated contrast agent
(Ultravist 300; Schering, Berlin, Germany) was admin-
istered via the antecubital vein at a rate of 34 mL/s. The
following CT acquisition parameters were used: 120 kV,
200-250 mAs, collimation: 64 x 0.5 mm, slice thickness:
0.5 mm, slice increments: 0.5 mm and pitch: 0.9, field of
view: 350 x 350 mm, matrix: 512 x 512. Contrast-en-
hanced CT was reconstructed with reconstruction
thickness of 2.5 mm.

Imaging analysis

All of the images were evaluated by two investigators
(L.D.C. and Z.W.) who had more than 3 years of expe-
rience in gallbladder CEUS, and 5 years of experience in
gallbladder BUS and CT independently. Both CEUS and
MDCT images of the same patient were reviewed by the
same radiologist. In cases of discordance, a third inves-
tigator (W.W., with at least 5 years of experience in
gallbladder CEUS, BUS, and CT) made the final deci-
sion. The investigators were blinded to the final diag-
nosis, relevant laboratory data, and any clinical
manifestation.
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On BUS, the thickness of the gallbladder wall was
measured. Cholecystolithiasis and the continuity of the
inner and outer layers of the gallbladder wall were also
recorded. On CEUS, the following features were re-
corded: (1) time to commencement of enhanced (start
from the injection of contrast agent to the beginning of
enhancement in the thickened gallbladder wall), washout
time (start from the injection of contrast agent to the
time when the thickened gallbladder wall became hypo-
enhancement compared with the normal liver), and
duration of enhancement of the thickened gallbladder
wall (=‘washout time” - “time to commencement of
enhanced”); (2) vascularity in the thickened wall during
the arterial phase was classified as tortuous (when the
artery was curved and devious), and linear (when the
artery was straight and long)/dotted (when the artery was
short and speckled) (Fig. 2); (3) invasion of the adjacent
liver was defined as hyper-enhancement in the arterial
phase followed by hypo-enhancement in the venous
phase, with reference to the normal liver tissue; and (4)
early enhancement of the adjacent liver referred to
transient and earlier hyper-enhancement of the liver
adjacent to the gallbladder before the enhancement of
the normal liver, and then become iso-enhanced com-
pared with the normal liver in the venous phase. During
the contrast imaging period, interrupted inner and outer
layers of the gallbladder wall were also evaluated.

The enhancement level of the thickened wall in the
arterial phase was divided into hyper-, iso-, and hypo-
enhanced compared with the normal liver. The
enhancement patterns in the arterial phase were classified
as (1) inhomogeneous enhanced; (2) homogencous en-
hanced; and (3) stratified enhanced, when the inner and
outer layers were hyper-enhanced and the middle layer
was hypo-enhanced (Fig. 3).

On MDCT, the following features were recorded:
vascularity, invasion of the adjacent liver (assessment
using coronal and sagittal reconstructions), enhancement
levels and patterns in the arterial phase, and interruption
of the inner and outer layers of the gallbladder wall. The
diagnostic criteria of gallbladder carcinoma by CT were
as follows according to previous references [6, 22, 23]: an
irregular thickened wall showed highly inhomogeneous
enhancement during the arterial phase, and iso-attenua-
tion or high attenuation in relation to the adjacent hep-
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atic parenchyma during the venous phase, with an
interruption of the inner or outer layer. The same
investigators (L.D.C., Z.W., and W.W.) reviewed all the
images to make the final diagnosis within an interval of
three weeks after CEUS.

Development and validation of an individualized
prediction model

To provide the clinician with a quantitative tool to pre-
dict individual probability of malignancy, we built the
CEUS nomogram on the basis of multivariable logistic
analysis [24, 25]. Multivariable logistic regression analy-
sis began with the following CEUS candidate predictors:
wall thickness, washout time, enhancement patterns, and
continuity of inner layer. For internal validation, con-
cordance index (C-index) was calculated after bootstrap
resampling with 1000 repetitions. Decision curve analysis
(DCA) was conducted to determine the clinical useful-
ness of the nomogram by quantifying the net benefits at
different threshold probabilities [26, 27]. The decision
curve was also plotted for the model using MDCT.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 16.0; SPSS, Chicago, Ill) or MedCalc statistical
software (version 13.0; MedCalc Software, Mariakerke,
Belgium). Significance was set at a two-tailed P value less
than 0.05. Based on 72 patients, comparison of the
clinical and US characteristics was performed using Chi
squared test and independent ¢ test for continuous vari-
ables. To test the inter-observer variability, two opera-
tors (L.D.C. and Z.W.) compared the above CEUS
features. The intra-class correlation coefficient (ICC)
was categorized as follows: slight, 0 < ICC < 0.20; fair,
0.21 < ICC < 0.40; moderate, 0.41 < ICC < 0.60; sub-
stantial, 0.61 <ICC < 0.80; and almost perfect,
ICC > 0.81. Multivariate logistic regression analysis with
a backward stepwise selection method was performed to
select independent variables. Based on 48 patients with
both CEUS and MDCT, receiver operating characteris-
tic (ROC) analyses were performed for each significant
variable to evaluate the diagnostic performance and
obtain the optimal cutoff values. The area under the

Fig. 2. Vascularity in the
thickened gallbladder wall
during the arterial phase
was classified as tortuous
(A), and linear (B)/dotted
(©C).
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ROC curve (AUC) was calculated. The diagnostic per-
formance was regarded as low (AUC = 0.5-0.7), mod-
erate (AUC = 0.7-0.9), or high (AUC > 0.9). A
nomogram was formulated using the package of “rms”
in R version 3.2.5 (http://www.r-project.org/). We con-
verted the continuous variables in the nomogram to
binary variables based on the optimal cutoff values cal-
culated from the ROC analyses for these variables [28].
Comparisons between the CEUS and MDCT nomogram
were performed with the “Hmisc” package in R and
were evaluated by the C-index. The larger the C-index,
the more accurate was the prognostic prediction. DCA
was performed with ‘““dca” package build for R
(http://www.decisioncurveanalysis.org/).

Results
Patient characteristics

Among the 72 cases, there were 30 gallbladder adeno-
carcinomas, 23 cholecystitis, 14 adenomyomatosis, 2
adenosquamous carcinomas, 2 abscesses of gallbladder,
and 1 squamous cell carcinoma. No significant differ-
ences between the benign and malignant groups in gen-
der and CA 19-9. In the malignant group, the ages of
patients were older (P = 0.001).

L.-D. Chen et al.: Diagnostic nomogram for gallbladder wall thickening mimicking malignancy

Fig. 3. Three
enhancement patterns in
arterial phase of CEUS for
gallbladder wall thickening
diseases: (A—

C) inhomogeneous
enhancement (14 s after
injection); (D—

F) homogeneous
enhancement (19 s after
injection); and (G-

I) stratified enhancement
(17 s after injection). The
schematic images of the
three enhancement patterns
were showed in A, D, and
G. The corresponding
pristine images were
showed in C, F, and I. The
contours of the gallbladder
were outlined in B, E, and H.

Imaging characteristics on BUS

On BUS, the differences of the thickness, and interrup-
tion of the inner or outer layer of the gallbladder wall
between malignant and benign lesions were statistically
significant (all P < 0.05, Table 1). There was no signif-
icant difference in case of cholecystolithiasis between two
groups (P = 0.291). Among these patients, 14 cases with
adenomyomatosis, negative typical findings of intramu-
ral cystic spaces, intramural echogenic foci, and twin-
kling artifacts were observed on BUS. Also, 2 abscesses
of gallbladder did not show obvious colliquative necro-
sis area in gallbladder fossa.

Multivariate analysis of imaging characteristics
on CEUS

WOn CEUS, the ICCs for the CEUS features ranged from
0.737 to 0.938 (Supplementary Table 1), indicating sub-
stantial or excellent agreement between the two observers.
Early enhancement of the adjacent liver and the enhance-
ment level in the venous phase was classified congruously by
each observer independently (ICC = 1.000).

All CEUS features were significantly different be-
tween the malignant and benign lesions (all P < 0.05,
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Table 1), except the time to commencement of enhanced
(P = 0.646), early enhancement of the adjacent liver
(P = 0.051). Gallbladder carcinoma was more likely to
enhance inhomogeneously with tortuous vessels, and
wash out earlier (240 s); the inner or outer layer was
interrupted (Fig. 4). By contrast, the wall in benign
gallbladder disease was continuous with layering. The
wall of benign disease enhanced homogeneously or
stratified with dotted or linear vessels, and the contrast
agent washed out later (>40s) with longer enhance-

Fig. 4. Images of the gallbladder in a 62-year-old man with
moderately differentiated adenocarcinoma. A At BUS, a
markedly thickened gallbladder wall (maximum thick-
ness = 20 mm) was suspected as malignancy, with hypoe-
choic masses filling in the lumen (arrowheads), and unclear
boundaries between the masses and gallbladder wall. A
gallbladder stone was also noticed. B In the arterial phase of
CEUS (19 s), the gallbladder wall showed inhomogeneous
hyper-enhancement, with disruption of inner and outer layers
of the wall (arrowheads), and the hyper-enhancing area
extending to adjacent liver. CEUS accurately classified this
case as a malignant lesion. The intraluminal hypoechoic
masses detected by BUS were non-enhanced during the
whole CEUS examination, and accordingly identified as biliary
sludge rather than tumor tissue. C Tortuous vessels were
detected in the thickened wall (arrowheads). D The
enhancement of the gallbladder wall rapidly turned into hypo-
enhanced at 30 s. In the venous phase, the area of the liver
being invaded also became hypo-enhanced (arrowheads).

2441

ment. Multivariate logistic regression indicated that
inhomogeneous enhanced in arterial phase was the
strongest independent predictor of malignancy (OR
51.162), followed by interrupted inner layer (OR 19.788),
washout time <40 s (OR 16.686), and wall thickness
>1.6 cm (OR 3.019, Table 2). In the venous phase, all
lesions washed out with hypo-enhancing, and the
extension of the lesion was clearly depicted.

Comparison of the diagnostic performances
of CEUS and MDCT

Among the 24 gallbladder carcinomas who received both
CEUS and MDCT scanning, the numbers of cases that
displayed malignant features by CEUS were higher than
those displayed by MDCT, except for interruption of the
outer layer (Table 3). Thus, the AUCs for these features
by CEUS (0.690-0.808) were higher than those by
MDCT (0.626-0.762). The detection rate of tortuous
vessels by CEUS (76.9%) was much higher than that by
MDCT (38.5%). The washout time and duration of
enhancement were impossible to assess for MDCT be-
cause they were not continuously scanned. By CEUS, the
enhancement in 84.6% of the malignant lesions washed
out before 40 s, and the AUC of this feature reached
0.806. Combining the significant features of CEUS, we
developed two sets of diagnostic criteria in predicting
malignant gallbladder wall-thickening. When only the
two features of inhomogeneous enhanced in arterial
phase and interrupted inner layer imaged by CEUS were
considered, the AUC of the diagnostic performance for
criteria 1 was 0.851, which was higher than that for
MDCT (AUC = 0.788). Adding the variable of washout
time <40 s, the diagnostic performance for criteria 2 was
improved to high (AUC = 0.917), although the differ-
ence between CEUS and MDCT did not reach statistical
significance (P = 0.070, Table 4). In 8 patients with
cholecystitis, 4 of which were complicated by purulent
changes, due to the inflammation destroyed the outer
layer of gallbladder wall and spreading to adjacent liver,
they were misdiagnosed as gallbladder cancer by MDCT.
However, these cases showed homogeneous or stratified
enhancement in arterial phase and washed out later than
40 s in the venous phase on CEUS, and thus diagnosed
correctly by CEUS (Fig. 5). Two patients with chole-
cystitis were misdiagnosed as malignant lesion by both
modalities, because it displayed disruption of the gall-
bladder wall and washout earlier than 40 s on CEUS.

Table 2. Multivariate logistic regression of the CEUS independent variables in the prediction of malignant gallbladder wall-thickening

Parameter Coefficient P OR 95% CI
Wall thickness >1.6 cm 1.105 0.397 3.019 0.234, 38.866
Washout time <40 s 2.815 0.072 16.686 0.781, 356.270
Inhomogeneous enhanced in arterial phase 3.935 0.005 S51.162 3.226, 811.290
Interrupted inner layer 2.985 0.034 19.788 1.256, 311.860
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Table 3. ROC analysis of CEUS and MDCT features in diagnosing 24 malignant gallbladder wall-thickening patients

L.-D. Chen et al.: Diagnostic nomogram for gallbladder wall thickening mimicking malignancy

Parameter Number of Sensitivity Specificity NPV PPV AUC
cases (%)f

CEUS
Washout time <40 s 20 (84.6) 65.0 (40.8, 84.5)  84.0 (63.9, 95.4) 75.0 (55.1, 89.3)  76.5(50.1, 93.0) 0.806
Duration of enhancement <14 s 11 (46.2) 95.0 (75.1,99.2)  44.0 (24.4, 65.1) 91.7 (61.5,98.6)  57.6 (39.2, 74.5) 0.743
Tortuous vessels 18 (76.9) 87.5(67.6,97.2)  60.7 (40.6, 78.5) 85.0 (62.1, 96.6)  65.6 (46.8, 81.4) 0.741
Invasion of adjacent liver 6 (23.1) 41.7 (22.1, 63.3)  96.4 (81.6, 99.4) 65.9 (49.4,79.9)  90.9 (58.7, 98.5) 0.690
Inhomogeneous enhanced in 22 (92.3) 79.2 (57.8,92.8)  75.0 (55.1, 89.3) 80.8 (60.6, 93.4)  73.1(52.2, 88.4) 0.808
arterial phase
Interrupted inner layer 22 (92.3) 79.2 (57.8,92.8)  82.1 (63.1, 93.9) 82.1 (63.1,93.9)  79.2 (57.8, 92.8) 0.807
Interrupted outer layer 20 (84.6) 66.7 (44.7, 84.3) 78.6 (59.0, 91.7) 73.3 (54.1, 87.7) 72.7 (49.8, 89.2) 0.726

MDCT
Tortuous vessels 9 (38.5) 38.5 (14.0, 68.4)  86.7 (59.5, 98.0) 61.9 (38.5,81.8)  71.4(29.3, 95.5) 0.626
Invasion of adjacent liver 6 (23.1) 23.1 (5.3, 53.8) 100.0 (78.0, 100.0)  60.0 (38.7, 78.8) 100.0 (30.5, 100.0)  0.615
Inhomogeneous highly enhanced 20 (84.6) 76.9 (46.2,94.7)  73.3 (44.9, 92.0) 78.6 (49.2,95.1)  71.4 (41.9,91.4) 0.749

in arterial phase

Interrupted inner layer 18 (76.9) 76.9 (46.2,94.7)  73.3 (44.9, 92.0) 78.6 (49.2,95.1)  71.4 (41.9,91.4) 0.751
Interrupted outer layer 22 (92.3) 92.3 (63.9,98.7)  60.0 (32.3, 83.6) 90.0 (55.5,98.3)  66.7 (41.0, 86.6) 0.762

Unless otherwise indicated, data are percentages, with 95% CI in parentheses

+ Data are number of cases, with percentages in parentheses

Table 4. Comparison of the diagnostic performances of CEUS and MDCT in differentiation of gallbladder wall-thickening (n = 48)

Diagnostic criteria Sensitivity Specificity NPV PPV Accuracy  AUCT PY
CEUS
Criteria 1 92.0 (73.9,98.8)  78.3(56.3,92.5)  90.0 (68.3, 98.5)  82.1 (63.1, 93.9) 0.854 0.851 0.415 (vs. MDCT)
Criteria 2 92.0 (73.9,98.8)  87.0 (66.4,97.2)  90.9 (70.8,98.9) 88.5 (69.8, 97.6) 0.896 0.895 0.079 (vs. MDCT)
MDCT 84.0 (63.9,95.5)  69.6 (47.1, 86.7)  80.0 (56.3,94.3)  75.0 (55.1, 89.3) 0.792 0.768
BUS 87.5(67.6,97.2) 46.4 (27.5, 66.1)  81.2 (54.3,95.7)  58.3(40.8, 74.5) 0.654 0.670 0.011 (vs. Criteria 2)

Unless otherwise indicated, data are percentages, with 95% CI in parentheses
Criteria 1: Interrupted inner layer, or inhomogeneous enhancement in arterial phase
Criteria 2: Meet any two of the following three conditions: Interrupted inner layer, inhomogeneous enhancement in arterial phase, and washout

time <40 s
T Data are raw data

Two adenosquamous carcinomas were misdiagnosed by
CEUS or MDCT due to their atypical hypo-enhance-
ment during the arterial and venous phase.

Development and validation of an individualized prediction
model using CEUS

The model that incorporated the above independent
predictors was developed and presented as the nomo-
gram (Fig. 6). The C-index for the prediction nomogram
was 0.974, which was confirmed to be 0.950 via boot-
strapping internal validation. The C-index of MDCT
nomogram was 0.827. The decision curve analysis for the
CEUS and MDCT nomograms was presented in Fig. 7.
The decision curve showed that using the CEUS nomo-
gram to predict malignancy adds more benefit than ei-
ther the treat-all-patients scheme or the treat-none
scheme. Within this range, net benefit of CEUS nomo-
gram was better than the model using MDCT.

Discussion

Gallbladder wall thickening is very common in not only
gallbladder neoplasms but also extra-cholecystic condi-
tions. Only those cases suspected to be carcinomas by

BUS imaging need to be further investigated. By BUS,
the coexistence of inflammatory or fibrotic changes,
gallstones or bile sludge, as well as tumor tissue, can
produce similar imaging characteristics. By CEUS, ow-
ing to the strong tissue contrast, the non-enhancing
gallstones or bile sludge, hypo-enhancing fibrotic tissues,
and the hyper-enhancing contours of the gallbladder wall
layers and liver parenchyma could be clearly discrimi-
nated. The application of trans-abdominal CEUS in the
gallbladder occurred early in 2002 [18]. The results
showed limited value in the differentiation of gallbladder
disease. However, the static contrast technique is insen-
sitive to slow flow and deeply located vessels. By using
the second-generation contrast agent of SonoVue, CEUS
achieved real-time depiction of the microcirculation of
gallbladder diseases. The results of several studies [5, 17,
19, 29] indicated that CEUS is valuable in differentiating
malignant from benign gallbladder diseases. However,
most of these studies focused on polypoid lesions of the
gallbladder, and no study has assessed the value of
CEUS compared with CT.

In this study, we found that wall thickness >1.6 cm,
interrupted inner layer, inhomogeneous enhanced in
arterial phase, and washout time <40 s were predictors of
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Fig. 5. Images of the gallbladder in a 36-year-old woman
with chronic cholecystitis. A At BUS, a markedly thickened
gallbladder wall (maximum thickness = 24 mm) was sus-
pected as malignancy. A gallbladder stone was also noticed
(arrowheads). B In the arterial phase of CEUS (17 s), strati-
fied enhancement was observed with a linear artery in the
gallbladder wall (arrowheads). C The enhancement of the
gallbladder wall began to wash out at 81 s, and remained
hypo-enhancement during the venous phase. This patient

malignancy. By contrast, the wall of a benign disease
such as cholecystitis was uniformly thickened, with
continuous layering; the contrast agent washed out later.
In our opinion, the intercostal or subcostal scanning of
CEUS can obtain sections along the long axis of the
gallbladder. This unique scanning plane is superior in its
ability to detect the continuity of the inner and outer wall
as well as the symmetry of the gallbladder wall. In
addition to free plane scanning, real-time data acquisi-
tion is another advantage of CEUS over CT. As we ex-
pected, hyper-enhancement in the arterial phase and
washout in the venous phase does not indicate gall-
bladder malignancy. However, we could identify the time
point of washout during real-time scanning. Washout
time <40 s was one of the independent variables of
CEUS in predicting malignant wall thickening. This
feature is unavailable for CT scanning. Moreover, real-
time scanning could delineate detailed enhancement
patterns. The inhomogeneous enhancement patterns for
malignancy were different with inflammation, which is
homogeneous hyper-enhancement or stratified enhance-
ment with layering. Additionally, real-time CEUS can
capture the temporal moment of lesion vascularity.
Tortuous vessels were observed much more in carcino-
mas than in benign lesions. Due to the hyper-vascularity

was classified as a benign wall-thickening according to our
diagnostic criteria of CEUS. D On unenhanced CT, the gall-
bladder wall was irregularly thickened with a stone in the lu-
men (arrowheads), E it showed highly inhomogeneous
enhancement in the arterial phase, with an interruption of the
outer layer, F and high attenuation in the venous phase. This
patient was diagnosed as gallbladder cancer by MDCT
scanning.

in most gallbladder carcinomas, the blood supply of the
tumor is often dilated and distorted. Tortuous intrale-
sional vessels and the destruction of the gallbladder wall
are the features highly suggestive of malignancy.

Xu. J. M. et al. [29] found that outer wall disconti-
nuity is also a diagnostic clue for malignancy. However,
we observed 8 cholecystitis or abscess patients in our
series. Interruption of the gallbladder wall could occur
not only with destruction by malignant tumors but also
with perforation by acute or chronic inflammation. As a
result, discontinuity of the outer layer failed to be in-
cluded among the significant independent variables by
logistic regression analysis.

By MDCT, most gallbladder carcinomas showed
inhomogeneous high enhancement in the arterial phase,
irregular wall thickening, and interruption of the gall-
bladder wall, findings that were in accordance with those
of previous reports [4, 22, 23, 30]. Compared with
MDCT, the detection rates of malignant features in
gallbladder carcinoma were all higher by CEUS, espe-
cially the delineation of blood vessels. When the above
advantages of CEUS were added, the diagnostic efficacy
of CEUS was higher than that of MDCT. Eight (16.7%)
cases with cholecystitis suspected as malignancy by both
BUS and MDCT were correctly diagnosed by CEUS due
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Fig. 6. CEUS-based nomogram for the preoperative indi-
vidualized prediction of malignancy in patients with gallblad-
der wall thickening. An individual patient’s value was located
on each variable axis, and a line is drawn upward to determine

the number of points received. The sum of these numbers is
located on the Total Points axis, and a line is drawn downward
to the bottom scale to determine the likelihood of malignancy.
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Fig. 7. Decision curve
analysis for the nomograms.
The black- and red-dotted
lines represented the CEUS
and MDCT nomograms,
respectively. The black solid
line represents the
assumption that all patients
were malignancy. Thin gray
solid line represents the
assumption that no patients
were malignancy. The y-

Y axis measures the net

\ benefit, which was

\ calculated by subtracting

\ the proportion of all patients

\ who are false positive from
s the proportion who are true

positive, weighting by the
relative harm of forgoing

T T T T
0.0 0.4 0.6

Threshold probability
to their specific enhancement patterns and evaluation of

dynamic enhancement time. Therefore, surgical resection
should have been avoided in these patients.

treatment compared with
the negative consequences
of an unnecessary
treatment [27].

We developed and validated a diagnostic nomogram
using CEUS for the preoperative individualized predic-
tion of malignancy in patients with irregular gallbladder



L.-D. Chen et al.: Diagnostic nomogram for gallbladder wall thickening mimicking malignancy

wall thickening. This easy-to-use nomogram achieved
satisfactory discrimination (C-index, 0.974, and 0.950 in
internal validations) [24, 25]. To justify the clinical use-
fulness, decision curve analysis was applied to access
whether the nomogram would improve patient out-
comes. This novel method offers net benefits to evaluate
clinical consequences on the basis of threshold proba-
bility. The decision curve showed that using the CEUS
nomogram in the current study added more benefit than
either the treat-all-patients scheme or the treat-none
scheme or the model using MDCT [24, 26]. Therefore,
CEUS could have lead to more accurate treatment plans
and beneficial to patient prognosis. Considering the US
advantages of imaging in real time, ease of use, cost
effectiveness, no ionizing radiation, and US contrast
agents being relatively harmless with a low incidence of
side effects and without nephrotoxicity [31], CEUS can
establish its status in the differentiation of irregular wall-
thickened gallbladder diseases.

Our study has some limitations. First, the propor-
tion of cases between malignant and benign gallbladder
wall thickening was different with that in routine clinical
works. Most benign cases, for example, those caused by
renal failure, heart failure, and hypoproteinemia, were
not included. This could lead to a selection bias when
calculating the positive and negative predictive values.
Second, quantitative analyses of time-intensity curve,
such as time to peak, peak intensity, ascending slope,
and descending slope should be measured using specific
software instead of subjective observation. More features
might be helpful for discrimination. Third, the number of
cases in the study group was relatively small; thus, a
multi-center study with a larger sample is necessary in the
future.

Conclusions

CEUS could accurately differentiate between malignant
and benign gallbladder wall thickening with equivalent
efficacy compared to MDCT, and thus may lead to
accurate treatment plans and beneficial to patient prog-
nosis. The proposed nomogram could be conveniently
used to facilitate the preoperative individualized predic-
tion of malignancy in patients with irregular gallbladder
wall thickening.
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