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Introduction Cystoscopy remains the gold standard of diagnosis and follow-up for bladder cancer (BC);
however, it is an invasive procedure associated with discomfort and potential complications. Contrast-
enhanced ultrasound (CEUS) emerges as an alternative, utilizing real-time assessment of tumor vascu-
larization and perfusion. The aim of this systematic review was to evaluate its diagnostic performance
for BC detection.

Material and methods MEDLINE (PubMed), Scopus, Web of Science Core Collection and Embase data-
bases were queried through July, 2024. We included studies reporting on the diagnostic accuracy

of CEUS for the detection of BC.

Results Out of 883 individual records, we identified 6 reports of prospective and retrospective stud-
ies, comprising 894 patients. The included studies indicate that CEUS demonstrates high diagnostic
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sensitivity, and specificity in discriminating malignant from benign bladder tumors. Moreover, CEUS has
been shown promising performance in the preoperative prediction of tumor grade and stage, offering
diagnostic capabilities comparable to well-established non-invasive imaging techniques.

Conclusions Our findings support the utilization of CEUS as adjunct to existing BC diagnostic protocols.
It represents an alternative for BC diagnosis and could benefit patients contraindicated for conventional
imaging modalities or at high-risk of cystoscopy-related complications. Scant amount of standardized,
large-scale, prospective, comparative investigations are available, thus further research is necessary

to validate the clinical utility of CEUS in BC detection.

INTRODUCTION

The diagnosis and staging of bladder cancer primar-
ily rely on cystoscopy. This method enables direct vi-
sualization and biopsy, and it is commonly used for
primary diagnosis [1]. Despite being invasive, it also
plays a key role in the transurethral resection of the
tumor (TURBT) [2]. Contrast-enhanced computed to-
mography (CT) remains the primary imaging tool for
assessing lymph node involvement and upper urinary
tract anatomy. It is considered the gold standard for
staging muscle-invasive bladder cancer (MIBC); how-
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ever, it involves radiation exposure and carries a risk
of adverse reactions to contrast agents [3]. Despite its
broad use, CT cannot reliably determine muscle inva-
sion, unlike magnetic resonance imaging (MRI).
Recently, bladder MRI combined with the Vesical
Imaging-Reporting and Data System (VI-RADS) has
emerged as a promising method for local staging
of bladder cancer, particularly for assessing mus-
cle invasion [4]. That said, MRI remains a limited
resource due to high costs and limited accessibil-
ity, which hinders its widespread implementation
in routine clinical practice [5].
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Other imaging modalities, such as ultrasonography,
are also utilized in the diagnostic workup of blad-
der cancer [3]. In recent years, contrast-enhanced
ultrasonography (CEUS) has gained increasing at-
tention for preoperative tumor staging in gastric,
renal, and bladder cancers [3, 6, 7]. Intravenous
administration of microbubble contrast agents
enables detailed assessment of tissue vasculariza-
tion and tumor perfusion [8, 9], as well as differen-
tiation between clots or necrosis and viable tumor
tissue [10].

The microbubble shell is composed of phospholipids,
polymers, surfactants, or albumin, encapsulating
gases such as perfluoropentane or sulfur hexafluo-
ride, which are excreted via the lungs, thus bypass-
ing renal metabolism [10]. This makes CEUS a safe
imaging modality for patients with significant renal
impairment, including those on dialysis [3].
Moreover, CEUS enables real-time assessment
of tumor perfusion and allows for the differentia-
tion of bladder wall layers. While the muscularis
propria enhances slowly and weakly, the mucosal
and especially submucosal layers show rapid and
sustained enhancement [11].

Given the growing body of literature on the diag-
nostic accuracy of CEUS in detecting and staging
bladder cancer, a systematic synthesis of available
data is warranted. This study aims to evaluate
the diagnostic performance of CEUS in the detec-
tion of neoplastic lesions of the urinary bladder.

MATERIAL AND METHODS
Search strategy and selection criteria

In July 2024, we conducted a systematic search
in the MEDLINE (via PubMed), Scopus, Web
of Science Core Collection, and Embase databases.
The search strategy and research question was for-
mulated with the aid of the PICO framework [12].
The detailed search strategy for each database
is available in Supplement 1. Conflicts were resolved
by a third, independent researcher. The agreement
between researchers was assessed using Cohen’s
Kappa [13].

Inclusion and exclusion criteria and data extraction
We included retrospective and prospective studies,
published within the last 10 years, reporting on the
diagnostic performance of CEUS in detecting blad-
der neoplasms. We excluded case reports, case se-
ries, systematic reviews, meta-analyses, conference
abstracts, studies assessing pediatric populations,
or focusing on areas of the body other than the blad-
der, and studies only utilizing imaging techniques
other than CEUS, such as CT or MRI.

Quality assessment

Studies were evaluated using the QUADAS-2 check-
list [14]. For each included study, an item was rated
negatively if it was not present in the article and
positively if it was present. The results are present-
ed in Suppl. Table 1.

Risk of bias assessment

All articles were assessed for risk of bias according
to the Cochrane Handbook guidelines for non-ran-
domized studies [15] by two independent reviewers
based on the following domains: confounding, se-
lections of participants, classification of interven-
tions, deviations from intended interventions, miss-
ing data, measurement of outcomes, and selection
of the reported result (Suppl. Figure 1). All discrep-
ancies were resolved by consensus.

RESULTS

A total of 2303 records were identified, of which six
studies were deemed eligible, after title-abstract
and full text selection (Suppl. Figure 2).

We identified two retrospective [16, 17] and three
prospective (two non-comparative [18, 19] and one
comparative [20]) studies, with one study includ-
ing both prospectively and retrospectively collected
data [21].

The most important characteristics of the included
studies are presented in Table 1.

Data synthesis

Diagnostic performance attributes of CEUS are
shown below (Table 2). All the statistical data
shown below were compared with histopathologic
findings after surgical removal of the lesion taken
as a gold standard. In the study conducted by Guo
et al. [16] and in the retrospective part of the study
conducted by Li et al. [21] there was no compari-
son of CEUS performance with pathological diag-
nosis, due to the retrospective nature of the study.
Most of the authors divide detected lesions between
LG (low-grade) and HG (high-grade) [16, 17, 19,
21], while Fu et al. [18] and Zhang et al. [17] extend
the division to benign lesions. Liu et al. [20] only
considered single and multiple lesions. This statis-
tic was provided by only some of the authors [16,
17, 20, 21].

In the study conducted by Guo et al. [16], patients
with pathologically confirmed bladder wurothe-
lial carcinoma (BUC) were examined using CEUS
with TIC (time intensity curve) analysis (Table 3)
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to assess the value of this method in differentiat-
ing between LG and HG BUC, and to investigate
the correlation with tumor microvessel density.
The diagnosed lesions involved urothelial carcino-
ma of LG or HG, with a diameter exceeding 1 cm.
In the study conducted by Li et al. [21], the en-
hancement patterns of CEUS in bladder lesions
were retrospectively analyzed and categorized be-
tween LG and HG lesions based on either fast or
slow, wash-in and wash-out times. A subsequent
prospective study was conducted in which CEUS
was performed for the differential diagnosis of blad-
der lesions based on the criteria established in the
prior study part. After statistical analysis, the value
of CEUS in differentiating HG and LG urothelial
carcinoma was evaluated. When the bladder con-
tained multiple lesions, the researchers considered
the largest untreated lesion of the bladder. High di-
agnostic performance was obtained in differentiat-
ing LG and HG lesions, where PPV, NPV, accuracy,
sensitivity, and specificity values for both LG and
HG lesions oscillated over 85% in each case, except
NPV for HG lesions, achieving 82%. [21].

In the research carried out by Fu et al. [18], pa-
tients with bladder tumors larger than 5 mm in di-
ameter were examined using CEUS and contrast-
enhanced MRI. The study assessed the efficacy
of both imaging modalities in differentiating benign
from malignant lesions and, for malignant cases,
in detecting muscle invasion or its absence. Histo-
pathological analysis identified 120 cases of urothe-
lial carcinoma of the bladder. Additionally, 36 benign
lesions were identified. The comparative statistical
analysis indicates that both CEUS and contrast-
enhanced MRI exhibit similar diagnostic perfor-
mance in differentiating between benign and malig-
nant lesions, with overall accuracies of 85.90% and

Table 1. Baseline characteristics

84.62%, respectively. Contrast-enhanced MRI dem-
onstrated a marginally higher sensitivity (95.00%
vs 91.76%), whereas CEUS achieved superior speci-
ficity (66.67% vs 50.00%). In assessing muscularis
invasion, CEUS yielded an accuracy, sensitivity,
and specificity of 84.6%, 85.3%, and 83.3%, respec-
tively. In comparison, MRI demonstrated slightly
lower diagnostic metrics, with accuracy, sensitivity,
and specificity of 76.9%, 79.4%, and 72.2%, respec-
tively.

In the study by Gupta et al. [19], patients with sus-
pected bladder urothelial carcinoma (BUC) under-
went CEUS to preoperatively assess tumor stage
and grade. The analysis included differentiation
between MIBC and NMIBC, as well as subclas-
sification into Ta and T1 based on lamina propria
invasion. CEUS results were compared with his-
topathological findings following transurethral re-
section of bladder tumor (TURB). The method pre-
dicted NMIBC and MIBC with sensitivities of 90%
and 90.5%, and specificities of 75.7% and 92.76%,
respectively. For Ta and T1 staging, sensitivities
were 75% and 65.6%, with specificities of 93.3% and
85.9%, respectively. Additionally, contrast-enhance-
ment curves were generated during CEUS to clas-
sify BUC into low- and high-grade tumors, yielding
satisfactory diagnostic performance (Tables 2, 3).
Zhang et al. included 173 bladder lesion cases
to explore the application of CEUS for the diagno-
sis and grading of BUC. CEUS was used to observe
the contrast agent perfusion condition and intensi-
ty of the focus. Then it compared the contrast agent
perfusion intensity of the focus with that of the sur-
rounding normal bladder wall. If it was stronger/
lower than (or equal to) the normal bladder wall,
it was “high enhancement/low enhancement”,
and if there was no contrast agent filling inside

Author Num.ber Mean age  Country Study period Male / Ultrasound scanner Contrast used Lesions considered
of patients Female
Guo et al. [16] 105 63; 66* China  2009-2016  29/76  Philips IU22 system 2.4 mlSonovue ~ -OW-2nd high-grade lesions;
diameter >1 cm
: x (70;63* + ) . :
Lietal. [21] 96 + 96 64: 69%)** China 2010-2015 80/16 Philips 1U22 system 1.2 ml SonoVue Largest, untreated lesion
Fu et al [18] 156 53 China  2021-2022  104/52 PHILIPS EPIQS 10miSonovue _Newly diagnosed bladder
neoplasms; diameter >5 mm
Gupta et al. [19] 110 - India  2014-2015  96/14  Philips U 22 system 24 mlSonovue  neated, suspected blad-
der carcinoma lesions
Zhang et al. [17] 173 60 China 2019-2022 141/32 Philips Epiq 7 1.2 ml SonoVue  Carcinoma of urinary bladder
Liu et al. [20] 38 63 China 2013-2020 34/4 Aplio 500, Aplio i900 SonoVue Bladder occupied lesions

TIC — time intensity curve
* Data separated by semicolon concerning first low- then high-grade changes
** Data separated by plus sign concerning first retro- then prospective study



CENTRAL EUROPEAN JOURNAL OF UROLOGY

the focus, it was “no enhancement”. There were
statistically significant differences between BUC
and benign lesions in terms of color blood flow
distribution intensity and CEUS enhancement
intensity (both P <0.05). The AUC, rising slope,
and peak intensity of BUC were significantly
higher than those of benign lesions (all P <0.05).
The H/T (height H / basal width T) value of 0.63

Table 2. Statistical illustration of CEUS performance in pre-
dicting bladder neoplasms

Author PPV NPV Accuracy Sensitivity  Specificity
(%) (%) (%) (%) (%)
Lietal. [21] 85;92 89;82 88; 88 85; 86 89; 90
Fuetal. [18]* - - 86; 85 92; 85 67,83
Guptaetal. [19] 70;90 90; 70 - 78; 85 85; 78
Zhang et al. [17] 94 63 93 98 33
Liu et al. [20] - - 86 - -

The values separated by semicolon predicting first low- then high-grade tumors
* The values separated by semicolon refer first to the performance

in differentiating between benign and malignant lesions, and then to the
prediction of bladder muscle invasion

Table 3. Characterization of contrast flow in the included
studies

Guo et al. Lietal. Zhang et al.
Contrast flow parameter (16] (21] (17]
" . 21.44 +1.34,
Arrival time for BC (s) - 2213 +1.76* 22.546.2
Arr'lvalt'lme for benign _ _ 23.446.4
lesions (s)
) 27.66 £7.21; 27.06 +2.18; 32.3
Peak time for BC (s) 2824 +433%  2931+2.14*  (27.0,38.8)
Peak time for benign B B 31.5
lesions (s) (28.0, 34.9)
. ) 19.38 +5.08; 13.87 £9.42; 94.2
Peak intensity for BC 17.76 45.57%  19.85+12.13* (36.5, 289.6)
Peak intensity for benign _ _ 48.6
lesions (16.8, 79.4)
AUC 0.79 - 0.72
. 12.5
Ascending slope for BC - - (4.4, 40.0)
Ascending slope for B _ 5.5
benign lesions (s) (2.2,15.9)
. 20.18 +8.27;
Wash-out time (s) - 34.83+10.41*
L 8.40 £3.31;
Rise time (s) 8.57 +3.00*
32.44 £12.63;

Mean transit time (s) 3260 +12.66* - -

) 41.72 £9.78;
Time to peak to one-half 5195412 29* - -

* Values separated by plus sign concerning first low- then high-grade tumors

was the critical value for distinguishing HG and
LG BUC, with a diagnostic sensitivity of 80.0%
and a specificity of 60.0% [17].

In the study by Liu et al., 38 patients with blad-
der lesions identified on conventional ultrasound
underwent both color Doppler flow imaging (CDFI)
and CEUS. The study compared the ability of both
techniques to visualize lesion vascularity and as-
sessed CEUS perfusion patterns. Among 51 lesions,
6 were glandular cystitis, 2 inverted papillomas,
and 43 malignant tumors (including 41 urothelial
carcinomas, one colorectal, and one prostate metas-
tasis). CEUS demonstrated a 100% blood flow de-
tection rate, significantly higher than CDFI (62.7%,
p <0.05). Based on perfusion characteristics, CEUS
identified 46 malignant and 5 benign lesions, yield-
ing a diagnostic accuracy of 86.3% [20].

Some of the authors [16, 17, 21] chose to analyze
specific parameters of the flow of the contrast me-
dium and time intensity curve (TIC). The data
describing contrast flow given in Table 3 depict
the information about the dynamics of contrast
media assessing quantitative values of tumor vas-
cularization.

Most of the statistics given in the individual arti-
cles have not been included in every work. Thus,
it is not straightforward to compare the results
because of the lack of concurring data. However,
the results may allow us to determine between
benign and malignant lesions. Results presented
by Zhang et al. [17] as well as Li et al. [21] de-
pict that the LG and HG lesions could potentially
be differentiated by comparison of the parameters
of contrast flow through the lesion vessels. Li et al.
[21] suggested that the wash-out times and peak
intensity are higher for the HG lesions compared
to the LG group. Zhang et al. [17] showed that the
blood flow distribution intensity was higher in the
HG group compared to LG and benign lesions. Guo
et al. [16] pointed out that their results showed
no significant difference between LG and HG lesion
vessel blood flow, except that TPH (time from peak
to one-half the signal intensity) was higher in HG
than in LG lesions and the semi-DS (semi-descend-
ing slope) was lower in the LG group compared
to the HG group. The AUC for both TPH and semi-
DS was determined at 0.79.

DISCUSSION

In this study, we analyzed the diagnostic accuracy
of CEUS in detecting bladder cancer (BC). The re-
sults indicate consistently high accuracy, exceeding
85% across all included studies. However, individ-
ual diagnostic metrics such as PPV, NPV, sensitiv-
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ity, and specificity varied, with some values as low
as 63%, and specificity dropping to 33% in Zhang
et al. [17]. These findings suggest that CEUS may be
a promising tool for BC diagnosis. Its ability to visu-
alize real-time tumor vascularization is particularly
valuable. CEUS could aid in detecting malignant
lesions, especially in patients with atypical symp-
toms or when conventional methods like cystoscopy
are contraindicated or insufficient. Nevertheless,
CEUS has several limitations. Its diagnostic per-
formance may be reduced in cases of severe obesity
due to signal attenuation, and image quality can
be compromised by factors such as massive ascites
or uterine prolapse. It is also less reliable for detect-
ing tumors smaller than 5 mm and is suboptimal
for assessing adjacent pelvic structures in T4-stage
disease. Additionally, reduced acoustic penetration
in large or heavily calcified tumors may impair le-
sion characterization. Furthermore, distinguishing
benign lesions from low-grade bladder cancer re-
mains challenging [18].

Cystoscopy is considered the gold standard for de-
tection of HG BC because of its exceptionally high
specificity (<2% false-positive rate). It is an inva-
sive procedure, requiring anesthesia in some cases,
and carries a risk of complications such as bleeding
or infection [22]. Therefore, CEUS could emerge
to be a safer, non-invasive alternative in certain
clinical scenarios, particularly for patients with
higher risk for complications. While CEUS may not
replace cystoscopy in terms of direct visualization
and biopsy capabilities, it can become a valuable
addition by offering clinically important informa-
tion about tumor perfusion and vascularization.
A direct comparison of the effectiveness of cys-
toscopy and CEUS in detecting bladder lesions
is challenging due to the limited availability of com-
prehensive studies on the subject. As of Decem-
ber 2024, there are two registered ongoing studies
in that context [23, 24].

In cancer diagnostics, MRI is particularly valu-
able for tumor staging, which is essential for treat-
ment planning. However, it is more costly and
time-consuming compared to contrast-enhanced
ultrasound (CEUS), which is cost-effective, wide-
ly accessible, and feasible in outpatient settings
[21]. Notably, CEUS may offer certain advantages
over MRI because it is easier to perform and does
not significantly prolong the diagnostic workflow
— an important consideration in the management
of bladder cancer. Although CEUS may not match
MRI in terms of staging precision, the study by Fu
et al. [18] demonstrated comparable diagnostic ac-
curacy between the two modalities in differentiat-
ing benign from malignant bladder lesions. Fur-

thermore, CEUS slightly outperformed MRI in the
assessment of muscular invasion, suggesting its
potential as a practical and accessible tool for local
staging and clinical decision-making. Nonetheless,
the limited sample size in that study may restrict
the generalizability of its findings [18].

CT is a widely available and utilized imaging tech-
nique in the diagnostic workup of hematuria and
staging of muscle-invasive bladder cancer. It is par-
ticularly valuable for assessing tumor location, its
size, and potential metastases. However, CT has
certain limitations including the use of ionizing
radiation, posing a risk for patients requiring fre-
quent follow-up examinations [25]. Additionally,
the contrast agents used in CT are nephrotoxic
and therefore should be used with caution or not
at all in patients with renal insufficiency. A precise
comparison of the effectiveness of CT and CEUS
in detecting bladder lesions is challenging due
to the lack of comprehensive studies on the subject
and non-standardized comparison methods.

In addition, CEUS with TIC analysis may in the
future allow us, as Li et al. [21] and Zhang et al.
[17] observed, to distinguish between LG and HG
bladder lesions. The first aforementioned group
of researchers observed that HG lesions are char-
acterized by fast wash-in and slow wash-out en-
hancement pattern, while also exhibiting higher
peak intensity and longer wash-out times compared
to LG lesions, which show both fast wash-in
and wash-out enhancement pattern. These param-
eters suggest greater vascular activity in more ag-
gressive tumors. Zhang et al. [17] showed that the
blood flow distribution is higher in the HG lesions
compared to the LG ones. Guo et al. [16], on the
other hand, presented no significant difference be-
tween blood flow information and tumor advance-
ment, except for TPH positively linearly correlating
with MVD and negatively linearly correlating with
semi-DS. Tests showed an AUC of 0.79 for TPH
and semi-DS, which is considered as a poor perfor-
mance [26]. The method does not provide tumor
staging, which is crucial for treatment planning
[21]. For the time being, CEUS with TIC does not
allow us to draw any meaningful conclusions.
While CEUS is not a new technology, recent studies
indicate growing interest in its application for blad-
der cancer evaluation. For instance, a 2024 study con-
ducted by Jing Han et al. introduced a CEUS-based
VI-RADS scoring system to assess muscle invasion
preoperatively [27]. However, it is worth noting that
its broader clinical use remains limited, partly because
it is not yet included in major urological guidelines.
Further research should focus on comparing the
effectiveness of CEUS with cystoscopy and other
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advanced imaging methods, such as MRI and con-
trast-enhanced CT. Large-scale, multicenter, prospec-
tive studies involving larger patient populations are
necessary to determine the long-term clinical benefits
of CEUS in the diagnosis and monitoring of bladder
cancer. Developing detailed standardization for the
diagnosis of bladder cancer lesions using CEUS will
help to maintain the high levels of sensitivity, accu-
racy, and specificity of this diagnostic method.

This systematic review has several limitations: first,
the inclusion of only six studies, with each having
various methodologies, limits the interpretation
of the results. The bias may affect the comparabil-
ity of outcomes, due to the differences within study
designs, patient populations, and diagnostic criteria
presented with non-concurring data. The retrospec-
tive nature of some studies [16, 17, 21] may lead
to selection bias, which could lower the reliability
of the findings. The operators’ experience and vari-
ability in ultrasound equipment used across studies
could influence the diagnostic accuracy and repro-
ducibility of CEUS, which may further lead to out-
come bias.

CONCLUSIONS

The results of this systematic review suggest that
CEUS could potentially become an integral compo-
nent of the diagnostic algorithm for bladder cancer
in the future. After additional, standardized re-

SUPPLEMENTARY MATERIALS
Supplement 1. Search strategy (24.06.2024)

String:

(Neoplasm Urinary Bladder OR Urinary Bladder
Neoplasm OR Bladder Neoplasms OR Bladder Neo-
plasm OR Neoplasm Bladder OR Bladder Tumors
OR Bladder Tumor OR Tumor Bladder OR Tumors
Bladder OR Neoplasms, Bladder OR Urinary Blad-
der Cancer OR Cancer Urinary Bladder OR Bladder
Cancer OR Bladder Cancers OR Cancer Bladder OR
Cancer of Bladder OR Cancer of the Bladder OR Ma-
lignant Tumor of Urinary Bladder OR Bladder Ma-
lignancy OR Bladder OR Urinary Bladder Carcino-
ma OR Carcinoma Transitional Cell OR Transitional
Cell Carcinoma OR TCC in bladder OR urothelial
carcinoma OR bladder metastases) AND (contrast-
enhanced ultrasonography OR contrast enhanced
ultrasonography OR CE ultrasonography OR CEUS
OR contrast-enhanced ultrasound OR contrast en-
hanced ultrasound OR CE ultrasound)

search, CEUS may offer a precise, rapid, and safe
diagnostic method. Implementing CEUS into rou-
tine clinical practice in the future could enhance
the quality of patient care by enabling easily acces-
sible, accurate assessment and effective monitoring
of bladder cancer lesions that could potentially save
lives in the early stage of neoplasm.

CEUS also marks its potential use as a less invasive
follow-up alternative to cystoscopy by highlighting
tumor vascularity to help detect lesions and pre-
dict muscle invasion. For the time being, CEUS can
complement other imaging techniques, such as CT
or MRI, offering advantages such as the absence
of radiation exposure and low nephrotoxicity.

To maximize the utility of CEUS in bladder cancer
diagnostics, it is essential to conduct further stud-
ies across diverse populations and develop stan-
dardization for this method, ensuring greater reli-
ability and accuracy of results, thereby increasing
the likelihood of CEUS being widely implemented
in clinical practice.
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PubMed:

(Neoplasm Urinary Bladder OR Urinary Bladder
Neoplasm OR Bladder Neoplasms OR Bladder Neo-
plasm OR Neoplasm Bladder OR Bladder Tumors
OR Bladder Tumor OR Tumor Bladder OR Tumors
Bladder OR Neoplasms, Bladder OR Urinary Blad-
der Cancer OR Cancer Urinary Bladder OR Bladder
Cancer OR Bladder Cancers OR Cancer Bladder OR
Cancer of Bladder OR Cancer of the Bladder OR Ma-
lignant Tumor of Urinary Bladder OR Bladder Ma-
lignancy OR Bladder OR Urinary Bladder Carcino-
ma OR Carcinoma Transitional Cell OR Transitional
Cell Carcinoma OR TCC in bladder OR urothelial
carcinoma OR bladder metastases) AND (contrast-
enhanced ultrasonography OR contrast enhanced
ultrasonography OR CE ultrasonography OR CEUS
OR contrast-enhanced ultrasound OR contrast en-
hanced ultrasound OR CE ultrasound)

906 -> Filters: Abstract, Publication date: in the last
10 years, Article type: Adaptive Clinical Trial, Books
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and Documents, Case Reports, Classical Article,
Clinical Study, Clinical Trial, Clinical Trial Protocol,
Clinical Trial, Phase I, Clinical Trial, Phase II, Clini-
cal Trial, Phase IIlI, Clinical Trial, Phase IV, Con-
trolled Clinical Trial, English Abstract, Equivalence
Trial, Evaluation Study, Multicenter Study, Observa-
tional Study, Pragmatic Clinical Trial, Randomized
Controlled Trial, Twin Study, Validation Study

-> 162:
https://pubmed.ncbi.nlm.nih.gov/?term=%28Neo
plasm+Urinary+Bladder+OR+ Urinary+Bladde
r+Neoplasm+OR+Bladder+Neoplasms+OR+BI
adder+Neoplasm+OR+Neoplasm+Bladder+OR
+Bladder+Tumors+OR+Bladder+Tumor+OR+
Tumor+Bladder+OR+Tumors+Bladder+ OR+N
eoplasms%2C+Bladder+OR+Urinary+Bladder+
Cancer+OR+Cancer+Urinary+Bladder+ OR+B
ladder+Cancer+OR+Bladder+Cancers+OR+Ca
ncer+Bladder + OR+Cancer+of+Bladder+ OR+C
ancer+of+the+Bladder+ OR+Malignant+Tumo
r+of+Urinary+Bladder+ OR+Bladder+Maligna
ncy+OR+Bladder+OR+Urinary+Bladder+Carci
noma+OR+Carcinoma%2C+ Transitional +Cell +
OR+Transitional+Cell+Carcinoma+OR+TCC+
in+bladder+OR+urothelial+carcinoma+OR+bl
adder+metastases%29+AND+%28contrast-enha
nced+ultrasonography+OR+contrast+enhanced
+ultrasonography+OR+ CE+ultrasonography+
OR+CEUS+OR+contrast-enhanced +ultrasound-
+OR+contrast+enhanced+ultrasound+0O
R+CE+ultrasound%29&filter=simsearchl.
fha&filter=pubt.adaptiveclinicaltrial&filter=pubt.
booksdocs&filter=pubt.casereports&filter=pubt.
classicalarticle&filter=pubt.
clinicalstudy&filter=pubt.clinicaltrial&filter=pubt.
clinicaltrialprotocol&filter=pubt.
clinicaltrialphasei&filter=pubt.clinicaltrialphase
ii&filter=pubt.clinicaltrialphaseiii&filter=pubt.
clinicaltrialphaseiv&filter=pubt.controlledclinic
altrial&filter=pubt.englishabstract&filter=pubt.
equivalencetrial&filter=pubt.
evaluationstudy &filter=pubt.
multicenterstudy &filter=pubt.
observationalstudy&filter=pubt.pragmaticclinicaltri
al&filter=pubt.randomizedcontrolledtrial&filter=pu
bt.twinstudy&filter=pubt.validationstudy&filter=d
atesearch.y_10

Scopus:

(neoplasm AND urinary AND bladder OR urinary
AND bladder AND neoplasm OR bladder AND neo-
plasms OR bladder AND neoplasm OR neoplasm
AND bladder OR bladder AND tumors OR bladder
AND tumor OR tumor AND bladder OR tumors
AND bladder OR neoplasms, AND bladder OR uri-

nary AND bladder AND cancer OR cancer AND
urinary AND bladder OR bladder AND cancer OR
bladder AND cancers OR cancer AND bladder OR
cancer AND of AND bladder OR cancer AND of AND
the AND bladder OR malignant AND tumor AND
of AND urinary AND bladder OR bladder AND ma-
lignancy OR bladder OR urinary AND bladder AND
carcinoma OR carcinoma, AND transitional AND
cell OR transitional AND cell AND carcinoma OR
tecc AND in AND bladder OR urothelial AND carci-
noma OR bladder AND metastases ) AND ( contrast-
enhanced AND ultrasonography OR contrast AND
enhanced AND ultrasonography OR ce AND ultra-
sonography OR ceus OR contrast-enhanced AND
ultrasound OR contrast AND enhanced AND ultra-
sound OR ce AND ultrasound )

134 -> Filters: Limited to Medicine, Limited to Eng-
lish, Limited to Article, Range 2014-2024, Limited to
Human -> 11

11:
https://www.scopus.com/results/results.
uri?sort=plf-f&src=s&st1=%28Neoplasm+ Urinar
y+Bladder+OR+Urinary+Bladder+Neoplasm+O
R+Bladder+Neoplasms+OR+Bladder+Neoplasm
+OR+Neoplasm+Bladder+OR+Bladder+Tumors
+OR+Bladder+Tumor+OR+Tumor+Bladder+0O
R+Tumors+Bladder + OR+Neoplasms%2C + Blad
der+OR+Urinary+Bladder+Cancer+OR+Cancer
+Urinary+Bladder+OR+Bladder+Cancer+OR+
Bladder+Cancers+OR+Cancer+Bladder+OR+Ca
ncer+of+Bladder+OR+ Cancer+of+the+Bladder
+OR+Malignant+Tumor+of+ Urinary+ Bladder+
OR+Bladder+Malignancy+OR+Bladder+OR+Ur
inary+Bladder+Carcinoma+OR+ Carcinoma%2C
+Transitional+Cell+ OR+Transitional + Cell+Car
cinoma+OR+TCC+in+bladder+OR+urothelial +
carcinoma+OR+bladder+metastases%29+AND+
%28contrast-enhanced +ultrasonography+OR+co
ntrast+enhanced+ultrasonography+OR+CE+ult
rasonography+OR+CEUS+OR+contrast-enhance
d+ultrasound+OR+contrast+enhanced +ultrasou
nd+OR+CE+ultrasound%29&sid=340cb6bfc1b9b
9fd61ffb34881602228&sot=b&sdt=cl&sl=780&s=
ALL%28%28Neoplasm+ Urinary+Bladder+OR+U
rinary+Bladder+Neoplasm+OR+ Bladder+Neopl
asms+OR+Bladder+Neoplasm+OR+Neoplasm +
Bladder+OR+Bladder+Tumors+OR+Bladder+T
umor+OR+Tumor+Bladder+OR+Tumors+Bladd
er+OR+Neoplasms%2C+Bladder + OR+Urinary +
Bladder+Cancer+OR+Cancer+ Urinary+Bladder
+OR+Bladder+Cancer+OR+Bladder+Cancers+
OR+Cancer+Bladder+OR+Cancer+of+Bladder+
OR+Cancer+of+the+Bladder+OR+Malignant+
Tumor+of+Urinary+Bladder+OR+Bladder+Mal
ignancy+OR+Bladder+OR+ Urinary+Bladder+C
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arcinoma+OR+Carcinoma%2C+ Transitional + Cel
1+ OR+Transitional+ Cell+ Carcinoma+OR+TCC
+in+bladder+OR+urothelial + carcinoma+OR+
bladder+metastases%29+AND+%28contrast-enh
anced+ultrasonography+OR+contrast+enhance-
d+ultrasonography+OR+CE +ultrasonography+
OR+CEUS+OR+contrast-enhanced+ultrasound
+OR+contrast+enhanced +ultrasound+OR+CE+
ultrasound%29%29&origin=resultslist&editSaveS
earch=&sessionSearchld=340cb6bfc1b9b9fd61ffb
34881602228&limit=10&cluster=scosubjabbr%2C
%22MEDI1%22%2Ct%2Bscolang%2C%22English %2
2%2Ct%2Bscosubtype%2C%22ar%22%2Ct%2Bscoe
xactkeywords%2C%22Human%22%2Ct&yearFrom
=2014&yearTo=2022

Web of Science:

((PY=(2014-2024)) AND ALL=(contrast-enhanced
ultrasonography OR contrast enhanced ultrasonog-
raphy OR CE ultrasonography OR CEUS OR con-
trast-enhanced ultrasound OR contrast enhanced ul-
trasound OR CE ultrasound)) AND ALL=(Neoplasm
Urinary Bladder OR Urinary Bladder Neoplasm
OR Bladder Neoplasms OR Bladder Neoplasm OR
Neoplasm Bladder OR Bladder Tumors OR Bladder
Tumor OR Tumor Bladder OR Tumors Bladder OR
Neoplasms, Bladder OR Urinary Bladder Cancer OR
Cancer Urinary Bladder OR Bladder Cancer)

and

((PY=(2014-2024)) AND ALL=(contrast-enhanced
ultrasonography OR contrast enhanced ultrasonog-
raphy OR CE ultrasonography OR CEUS OR con-
trast-enhanced ultrasound OR contrast enhanced
ultrasound OR CE ultrasound)) AND ALL=(OR
Bladder Cancers OR Cancer Bladder OR Cancer of
Bladder OR Cancer of the Bladder OR Malignant
Tumor of Urinary Bladder OR Bladder Malignancy
OR Bladder OR Urinary Bladder Carcinoma OR Car-
cinoma Transitional Cell OR Transitional Cell Car-
cinoma OR TCC in bladder OR urothelial carcinoma
OR bladder metastases)

The search was conducted in two attempts, cause of
the exceeding size of the string for ‘all fields’ search

263+102 -> added Filters: Articles-> 214+85

214:
https://www.webofscience.com/wos/woscc/summary/
ad8d114a-c704-4dad-b8c2-e3a55054f93-f913a441/
relevance/1

85:
https://www.webofscience.com/wos/woscc/summary/
e47b4e88-3f6¢-48ab-bb4f-cfe11838ac10-f913a837/
relevance/1

Embase:

(,neoplasm urinary bladder’ OR ((,neoplasm’/exp OR
neoplasm) AND urinary AND (,bladder’/exp OR blad-
der)) OR ,urinary bladder neoplasm’/exp OR ,urinary
bladder neoplasm’ OR (urinary AND (,bladder’/exp
OR bladder) AND (,neoplasm’/exp OR neoplasm))
OR ,bladder neoplasms’/exp OR ,bladder neoplasms’
OR ((,bladder’/exp OR bladder) AND (,neoplasms’/
exp OR neoplasms)) OR ,bladder neoplasm’/exp OR
,bladder neoplasm’ OR ((,bladder’/exp OR bladder)
AND (,neoplasm’/exp OR neoplasm)) OR ,neoplasm
bladder’/exp OR ,neoplasm bladder’ OR ((,neoplasm’/
exp OR neoplasm) AND (,bladder’/exp OR bladder))
OR ,bladder tumors’/exp OR ,bladder tumors’ OR
((,bladder’/exp OR bladder) AND (,tumors’/exp OR
tumors)) OR ,bladder tumor’/exp OR ,bladder tu-
mor’ OR ((,bladder’/exp OR bladder) AND (,tumor’/
exp OR tumor)) OR ,tumor bladder’ OR ((,tumor’/
exp OR tumor) AND (,bladder’/exp OR bladder)) OR
,tumors bladder’ OR ((,tumors’/exp OR tumors) AND
(,bladder’/exp OR bladder)) OR ,neoplasms, bladder’
OR ((,neoplasms,’/exp OR neoplasms,) AND (,blad-
der’/exp OR bladder)) OR ,urinary bladder cancer’/
exp OR ,urinary bladder cancer’ OR (urinary AND
(,bladder’/exp OR bladder) AND (,cancer’/exp OR
cancer)) OR ,cancer urinary bladder’ OR ((,cancer’/
exp OR cancer) AND urinary AND (,bladder’/exp OR
bladder)) OR ,bladder cancer’/exp OR ,bladder can-
cer’ OR ((,bladder’/exp OR bladder) AND (,cancer’/
exp OR cancer)) OR ,bladder cancers’ OR ((,blad-
der’/exp OR bladder) AND (,cancers’/exp OR can-
cers)) OR ,cancer bladder’ OR ((,cancer’/exp OR can-
cer) AND (,bladder’/exp OR bladder)) OR ,cancer of
bladder’ OR ((,cancer’/exp OR cancer) AND of AND
(,bladder’/exp OR bladder)) OR ,cancer of the blad-
der’/exp OR ,cancer of the bladder’ OR ((,cancer’/exp
OR cancer) AND of AND the AND (,bladder’/exp OR
bladder)) OR ,malignant tumor of urinary bladder’
OR (malignant AND (,tumor’/exp OR tumor) AND
of AND urinary AND (,bladder’/exp OR bladder)) OR
,bladder malignancy’/exp OR ,bladder malignancy’
OR ((,bladder’/exp OR bladder) AND (,malignancy’/
exp OR malignancy)) OR ,bladder’/exp OR bladder
OR ,urinary bladder carcinoma’/exp OR ,urinary
bladder carcinoma’ OR (urinary AND (,bladder’/exp
OR bladder) AND (,carcinoma’/exp OR carcinoma))
OR ,carcinoma, transitional cell’/exp OR ,carcinoma,
transitional cell’ OR ((,carcinoma,’/exp OR carci-
noma,) AND transitional AND (,cell’/exp OR cell))
OR ,transitional cell carcinoma’/exp OR ,transitional
cell carcinoma’ OR (transitional AND (,cell’/exp OR
cell) AND (,carcinoma’/exp OR carcinoma)) OR ,tcc
in bladder’ OR (tcc AND in AND (,bladder’/exp OR
bladder)) OR ,urothelial carcinoma’/exp OR ,urothe-
lial carcinoma’ OR (urothelial AND (,carcinoma’/


https://www.webofscience.com/wos/woscc/summary/ad8d114a-c704-4dad-b8c2-e3a55054ff93-f913a441/relevance/1
https://www.webofscience.com/wos/woscc/summary/ad8d114a-c704-4dad-b8c2-e3a55054ff93-f913a441/relevance/1
https://www.webofscience.com/wos/woscc/summary/ad8d114a-c704-4dad-b8c2-e3a55054ff93-f913a441/relevance/1
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exp OR carcinoma)) OR ,bladder metastases’/exp OR
,bladder metastases’ OR ((,bladder’/exp OR bladder)
AND (,metastases’/exp OR metastases))) AND (,con-
trast-enhanced ultrasonography’/exp OR ,contrast-
enhanced ultrasonography’ OR (,contrast enhanced’
AND (,ultrasonography’/exp OR ultrasonography))
OR ,contrast enhanced ultrasonography’/exp OR
,contrast enhanced ultrasonography’ OR ((,con-
trast’/exp OR contrast) AND enhanced AND (,ultra-
sonography’/exp OR ultrasonography)) OR ,ce ultra-
sonography’ OR (ce AND (,ultrasonography’/exp OR
ultrasonography)) OR ceus OR ,contrast-enhanced
ultrasound’/exp OR ,contrast-enhanced ultrasound’
OR (,contrast enhanced’ AND (,ultrasound’/exp OR
ultrasound)) OR ,contrast enhanced ultrasound’/exp
OR ,contrast enhanced ultrasound’ OR ((,contrast’/
exp OR contrast) AND enhanced AND (,ultrasound’/
exp OR ultrasound)) OR ,ce ultrasound’ OR (ce AND
(,ultrasound’/exp OR ultrasound)))

898 -> Filters: Date: 2014-2024, Article, Study type:
case report, case study, clinical article, clinical proto-
col, clinical study, comparative study, controlled clin-
ical trial, controlled study, correlational study, cross
sectional study, human, longitudinal study, multi-
center study, multicenter study topic, observational
study, phase 1 clinical trial, pilot study, prospective

Supplement Table 1. QUADAS-2 results

study, randomized controlled trial, retrospective
study -> 411

411:
https://www.embase.com/#advancedSearch/re-
sultspage/history.3/page.1/200.items/orderby.date/
source.

Results of search summary:

All articles searched: 2303

All articles searched after filter: 883

Duplicates automatically detected: 471
Duplicates deleted: 284

First scanning (Rayyan): 599

The conflict between researchers: 2

Researcher 1: excluded 591, included 8, maybe 0
Researcher 2: excluded 589, included 10, maybe 0
Articles accepted for retrieval: 8

Articles removed after retrieval: 1 — not English,
1 — wrong study design

Articles rejected: 593

Articles included in study: 6

Results
Cohen’s k: 0.8872

Almost perfect agreement

Risk of bias Applicability concerns
Study
Patient selection Index test Reference standard  Flow and timing  Patient selection Index test Reference standard
Guo et al. [24] ® ® © ® ©) © ©
Lietal. [29] ® © © © © © ©
Fu et al. [26] © © © © © © ©
Gupta et al. [27] ® ©) © ® © © ©
Zhang et al. [25] ® ©) © ©) ©) © ©
Liu et al. [28] © © © ® © © ©
© Low Risk ®High Risk ? Unclear Risk
Risk of bias domains
[ o1 [ b2 [ b3 [ b4 [ b5 | b6 | D7 [overall
cwede @ © @ © @ ® © O
vz | © O @ © © © 0 O
guedes | © @ @ © @ @ ©® O
Pz @ © © O © © O O
e @ © © © ©®@ ® O O
i © @ © © ® © © 0
Domains: Judgement
D1: Bias due to confounding.
D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data. . Low
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Supplement Figure 1. Risk od bias domains.
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| [ Identification ]

Screening

)

Included

[

Identification of studies via databases and registers

Records identified from®:
Pubmed (n =162)
Scopus (n=11)
Web of Science (n =299)
Embase (n =411)

|

Records removed before
screening:
Duplicate records
removed (n =284)

Records screened

Records excluded
(n =391)

(n =399)

Reports sought for retrieval
(n=8)

Reports not retrieved
article unavailable in full text
format (n =2)

|

Reports assessed for eligibility

(n=6)

Reports cxcluded**

articles withou: bladder neaplasie (s =153)
wrong publication tpe (s =1

Studies included in review

(n=6)

Supplement Figure 2. PRISMA flowchart.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases
and registers only.
*Consider, if feasible to do so, reporting the number of records identified from each database
or register searched (rather than the total number across all databases/registers).

**Reports may have been excluded for more than one reason
From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/
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