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Abstract: Background: Contrast-enhanced ultrasound (CEUS) is a diagnostic tool that is gaining pop-
ularity for its ability to improve overall diagnostic accuracy in bladder cancer (BC) staging. Our aim is
to determine the cumulative diagnostic performance of CEUS in predicting preoperative muscle inva-
siveness using a comprehensive systematic review and pooled meta-analysis. Methods: A systematic
review until October 2023 was performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement. Patients with BC suspicion were offered CEUS
before the transurethral resection of the bladder tumor (TURBT). The diagnostic performance of CEUS
was evaluated based on non-muscle-invasive bladder cancer (NMIBC) vs. muscle-invasive bladder
cancer (MIBC) confirmed at the final histopathological examination after TURBT. The outcomes were
determined through pooled sensitivity, specificity, pooled positive likelihood ratio (PLR+), negative
likelihood ratio (PLR—), and area under the summary receiver operating characteristic (SROC) along
with their respective 95% confidence intervals (CI). Results: Overall, five studies were included.
In these studies, a total of 362 patients underwent CEUS prior to TURBT. The pooled sensitivity
and specificity were 0.88 (95% CI: 0.81-0.93) and 0.88 (95% CI: 0.82-0.92), respectively. SROC curve
depicted a diagnostic accuracy of 0.94 (95% CI: 0.81-0.98). The pooled PLR+ and PLR— were 7.3
(95% CI: 4.8-11.2) and 0.14 (95% CI: 0.08-0.23), respectively. Conclusions: Our meta-analysis indicates
that CEUS is highly accurate in the diagnosis and staging for BC. Beyond its accuracy, CEUS offers
the advantage of being a cost-effective, safe, and versatile imaging tool.

Keywords: contrast-enhanced ultrasound (CEUS); bladder cancer; accuracy; muscle invasive;
ultrasound; meta-analysis

1. Introduction

Bladder cancer (BC) represents the tenth most common cancer worldwide [1]. Men
account for the majority of new cases, although women exhibit higher disease-specific
mortality [2]. BC is classified according to the TNM staging, which considers the extent
of invasion into the bladder wall (T), the presence of lymph node involvement (N),
and whether it is spread to nearby or distant organs (M) [3]. The precise evaluation
of muscular invasion is crucial for determining the appropriate treatment, as patients
with non-muscle-invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer
(MIBC) necessitate different therapeutic approaches. In this scenario, computed tomog-
raphy (CT) and multiparametric magnetic resonance imaging (mpMRI) are non-invasive
diagnostic techniques, each exhibiting variable degrees of accuracy in staging BC [4,5].
More specifically, a standardized methodology for imaging and reporting mpMRI in BC
patients was developed by Panebianco et al. in 2018 with the Vesical Imaging-Reporting
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and Data System (VI-RADS) score [6]. Despite being relatively new, two diagnostic meta-
analyses evaluating VI-RADS have been conducted, pooling accuracy data [7,8]. These
analyses demonstrate a highly promising and excellent performance in distinguishing
between NMIBC and MIBC.

In the diagnostic work of BC, ultrasound examination (US) represents a well-accepted,
non-invasive, and cost-effective diagnostic tool. The B-mode and Doppler US can reveal
the tumor and supply blood in the base of the tumor, yet it has a low sensibility in provid-
ing a clear depiction of the muscularis layer. However, the advent of contrast-enhanced
ultrasound (CEUS) and the new generation of ultrasound contrast agents (UCAs) have
resulted in overcoming the inherent limitations associated with conventional B-mode and
Doppler US, offering unprecedented insights into parenchymal microvasculature [9-11].
Moreover, real-time evaluation stands as one of the primary advantages of employing
CEUS. Conversely, with CT or mpMR], it is imperative to determine the ideal acquisition
time in order to achieve an optimal differentiation between the lesion and the bladder
wall. To guide and standardize the application of CEUS in the urinary bladder, collabo-
rative efforts have been initiated. In particular, the EFSUMB-WFUMB collaboration in
2018 has produced comprehensive guidelines and clinical practice recommendations for
CEUS [12]. However, despite the promising implications of incorporating CEUS into the
therapeutic uro-oncologic algorithm of BC, several issues remain unresolved: first, ensuring
reproducibility across different CEUS readers with varying levels of experience; second,
establishing appropriate threshold cut-off score criteria for defining muscle invasiveness.
Addressing these unmet needs is crucial for providing definitive guidance before embark-
ing on further dedicated clinical trials and investigations to assess the predictive value of
CEUS in determining muscle invasion in BC patients. To take the initial step toward this
goal, we conducted an updated and comprehensive systematic review and metanalysis
of the literature, incorporating all available international experiences that validate CEUS
in the pre-transurethral resection of bladder tumor (TURBT) setting for muscle-invasive
bladder cancer (MIBC) determination.

2. Materials and Methods
2.1. Search Strategy

We conducted a comprehensive search of the PubMed, Embase, and Web of Science
databases without language restrictions, covering the period from inception to October
2023, in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [13]. The search strategy included the following Medical
Subject Headings (MeSH AND PubMed controlled vocabulary) and free text keywords:
“CEUS” [All Fields] AND “urinary bladder neoplasms” [MeSH Terms], “CEUS” [All Fields]
AND (“bladder s” [All Fields] OR “urinary bladder” [MeSH Terms] OR (“urinary” [All
Fields] AND “bladder” [All Fields]) OR “urinary bladder” [All Fields] OR “bladder” [All
Fields] OR “bladders” [All Fields]), “bladder’s” [All Fields] OR “urinary bladder” [MeSH
Terms] OR (“urinary” [All Fields] AND “bladder” [All Fields]) OR “urinary bladder” [All
Fields] OR “bladder” [All Fields] OR “bladders” [All Fields]. Additionally, we reviewed
the reference lists of included papers to identify any further pertinent studies.

2.2. Inclusion and Exclusion Criteria

The study’s eligibility criteria were determined based on the Population, Intervention,
Comparison, Outcome, and Study Design (PICOS) framework.

—  Population: patients with suspicion of BC.

—  Intervention: CEUS of the urinary bladder before TURBT.

—  Comparator: final histopathological examination.

- Outcome: evaluation of CEUS diagnostic accuracy, including sensitivity, specificity,
accuracy, and likelihood ratio.

—  Study Design: prospective and retrospective cohort studies.
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Exclusion criteria included CEUS and pathological findings indicating a cancer
other than bladder urothelial carcinoma, or as benign neoformations. Abstracts, case
reports, and studies with overlapping patient data were excluded from consideration.
The exploration of eligibility criteria was conducted by two authors (A.T. and V.C.). Data
review and extraction were independently performed by two investigators (A.T. and
D.R), with any potential conflicts resolved through discussion or consultation with a
third investigator (G.B.D.P.).

2.3. Methodological Quality Assessment

Each study’s quality was assessed using the Quality Assessment of Diagnostic Ac-
curacy Studies—2 (QUADAS-2) tool [14]. The QUADAS-2 framework comprises four
domains: (1) patient selection, (2) index test, (3) reference standard, and (4) flow and timing,.
Within each domain, the risk of bias and concerns regarding applicability were examined
and categorized as low, high, or unclear risk. The outcomes of the quality assessment were
employed for descriptive purposes, offering an evaluation of the overall quality of the
included studies and exploring potential sources of heterogeneity.

2.4. Data Collection

The evaluation of diagnostic performance was based on NMIBC vs. MIBC; for each
endpoint, true positive (TP), false positive (FP), true negative (TN), and false negative
(FN) values were extracted, whenever available, from each study and recorded in 2 x 2
contingency tables. Subsequently, sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) for each study were calculated. Additionally, the
area under the summary receiver operating characteristic (SROC) curve was computed.
Descriptive variables, such as study design, year, number of patients, age, tumor size, dose
and type of contrast injected, and number of readers, were also extracted.

2.5. Statistical Analysis

The outcomes were determined through pooled sensitivity, specificity, pooled pos-
itive likelihood ratio (PLR+), negative likelihood ratio (PLR—), and area under the
summary receiver operating characteristic (SROC) along with their respective 95% confi-
dence intervals (CI).

In our analyses, we adopted the bivariate random-effects model since this method
is the preferred approach in investigating the diagnostic accuracy, particularly in the
presence of heterogeneity [15]. Heterogeneity was evaluated through the Q test and 12
statistic. 12 values were categorized as follows: 12 < 25% denoting low heterogeneity,
25% < 12 < 50% indicating mild heterogeneity, 50% < 2 < 75% reflecting moderate het-
erogeneity, and I? > 75% suggesting high heterogeneity. All the statistical analyses were
conducted using STATA software (version 18.0; Stata Corporation, College Station, TX,
USA). Statistical analysis was two-sided and statistical significance was set at p < 0.05.

3. Results
3.1. Literature Search

The study selection process is illustrated in Figure 1 using the PRISMA flow chart.
The initial search yielded 198 studies, with 90 excluded due to duplication. Following the
application of selection criteria, an additional 103 records were excluded. Finally, n =5
studies were included in the systematic review and metanalysis [16-20]. No further articles
were identified in the reference section.
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Figure 1. Study flow chart.

3.2. Study Characteristics

The articles included in the analysis were conducted in China (n = 3), Italy (n = 1),
and India (n = 1), covering a total of 423 suspected BC patients with a mean age ranging
from 61 to 69 years. Among these, 362 patients underwent CEUS. At the histopathological
examination, 178 cases were identified as MIBC, and 184 were NMIBC. Table 1 provides a
summary of the principal characteristics of the studies included. The mean tumor size was
reported in 3/5 studies, ranging from 2.7 to 3.0 cm. Each study also documented the doses
of contrast agent (SonoVue, Bracco) administered, with quantities ranging from 1.0 mL to
2.4 mL. Moreover, n = 3 studies relied on two radiologist readers, where one had a single
reader, and one study did not provide information on the exact number of readers.

Table 1. Study characteristics.

Author Year Country S;:fg’; Pat;\e}nts, I\g)zl)e 1}%5]):;,\ Tuﬁg;:ié%)c m Reference C(}ilttrraansjtz ngnt, Readers, IR;’:;EITei?
Carusoetal. [16] 2010  Italy Prospective 34 94.1 61+84 3.0+11 TURBT Sgﬂ"r‘ﬁe' 2 0917
Lietal [17] 2012  China Prospective 60 75 62413 29412 TURBT Sg’g"zfe’ 2 0.914
Guptaetal [18] 2016 India  Prospective 110 87.3 (me%Oian) NR. TURBT 5(2’2";{@ 1 B}
Lietal. [19] 2021  China Prospective 59 NR 69 +12 N.R. TURBT 5{’2‘;; Ee N.R. N.R.
Fuetal. [20] 2023  China  Prospective 160 66.2 524+49 27416 TURBT S‘l)f(‘)‘);‘ﬁe' 2 NR.

SD = Standard deviation; TURBT = transurethral resection of bladder tumor; N.R. = not reported.
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3.3. Methodology Quality Assessment

As per the methodological evaluation outlined in the QUADAS-2 checklist, the studies
uniformly adopted a prospective design, affirming the overall quality of the included
studies. Consecutive patient enrollment was a consistent practice across all studies, with
cystoscopy and/or transurethral resection of bladder tumor (TURBT) serving as the ref-
erence standard. The risks associated with case selection, trial assessments, gold criteria,
and clinical applicability were all deemed low. Further elaboration of these findings can be
found in Supplementary Table S1.

3.4. Data Synthesis and Analysis

Among the included studies, pooled sensitivity and specificity were 0.88 (95% CI:
0.81-0.93) and 0.88 (95% CI: 0.82-0.92), respectively (Figure 2a,b). SROC curve depicted
a diagnostic accuracy of 0.94 (95% CI: 0.81-0.98) (Figure 3), while the pooled PLR+ and
PLR— were 7.3 (95% CI: 4.8-11.2) and 0.14 (95% CI: 0.08-0.23), respectively. The I? for the
pooled sensitivity and specificity were 40% and 0%, respectively, indicating a low-mild
heterogeneity between the studies.

Studyld : SENSITIVITY (95% CI) Studyld : SPECIFICITY (95% Cl)
| |
| |
| |
| |
| |
| |
| |
Fu etal. /2023 —_——— 0.85(0.75 - 0.93) Fuetal /202 T 0.83[0.67-0.94]
| |
| |
| |
Li etal. /2021 . —— 0.79[0.61-0.91) Uietal. /2021 t 0.85[0.65 - 0.96]
| |
| |
|
Gupta et al. /2016 —_— e 0.91(0.79-0.97) Gupta et al. /2016 —_—t 0.93(0.83 - 0.98]
Lietal. /2012 ° 086(0.71-0.5)
Lietal /2012 1.00(0.78 - 1.00)
Caruso et al. /2010 091(0.72-0.99)

|
|
|
|
}
|
|
|
Caruso et al. /2010 | 1.00 [0.66 - 1.00]
|
|
|
|
|
|
|

COMBINED <> 0.88[0.82 - 0.92]
COMBINED <> 0.88[0.81 - 0.93)

Q= 2.81,df=4.00,p= 059
Q= 6.67,df=4.00,p= 0.15

12:= 0.00 (0.00 - 100.00]

12 = 40.06 [0.00 - 99.74] T T

06 1.0 SPECIFICITY
SENSITIVITY

(a) (b)

Figure 2. (a) Forest plot of pooled sensitivity of CEUS in detecting muscle invasion involvement.
(b) Forest plot of pooled specificity of CEUS in detecting muscle invasion involvement [16-20].

Fagan diagram was drawn according to the Bayes principle; given a pre-test probability
of 20%, the PLR+ increased from 20% to 65%, while the PLR— decreased to 3% (Figure 4).
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Figure 4. Fagan nomogram reflecting pre- and post-test probability estimation for clinical utility of
CEUS in predicting MIBC.

3.5. Publication Bias

The Deeks’ funnel plot was employed to identify any systematic error related to
publication bias. With a p-value of 0.74, the distribution of included studies on both sides of
the regression line suggests no significant evidence of publication bias, p = 0.74 (Figure 5).
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Figure 5. Deeks’ funnel plot asymmetry test for the assessment of publication bias.

4. Discussion

CEUS is a versatile and well-tolerated diagnostic tool, rapidly expanding its appli-
cations in multiple organs [21-23]. Several versions of guidelines discussing the hepatic
applications of CEUS have been published since 2004 by the European Federation of So-
cieties for Ultrasound in Medicine and Biology (EFSUMB) and the World Federation for
Ultrasound in Medicine and Biology (WFUMB) [24]. However, the concrete application in
bladder pathologies is still under investigation. The urinary bladder is characterized by its
complexity and unique challenges in imaging and prompts a focused inquiry into the adapt-
ability and efficacy of CEUS in this specific context. A first step toward addressing this issue
was introduced by EFSUMB within the context of “non-hepatic uses of contrast-enhanced
ultrasound” [25].

BCs are commonly categorized as either NMIBC or MIBC. NMIBCs, constituting
around two-thirds of BCs, are tumors that affect only the immediate epithelial layer of
cells (CIS and Ta) or penetrate the subepithelial connective tissue (T1). In contrast, MIBCs,
accounting for one-third of cases, include tumors that infiltrate the muscularis propria (12),
penetrate through the muscularis propria to involve the perivesical tissue (T3), or extend
into adjacent pelvic or abdominal organs (T4). As a result, tumors classified as Ta-T1 are
considered NMIBCs, while those categorized as T2-T4 are considered MIBCs. Defining
these criteria is crucial because prognosis and the choice of appropriate management
strategies heavily rely on accurately staging the tumor. Therefore, we aimed to provide
pooled data on the value of CEUS in distinguishing NMIBC vs. MIBC, and our analyses
resulted in several noteworthy observations.

The first reassuring finding in our analysis was that CEUS revealed an accuracy of
0.94 (95% CI: 0.81-0.98), with a sensitivity of 0.88 (95% CI: 0.81-0.93) and a specificity of
0.88 (95% CI: 0.82-0.92) in discriminating NMIBC vs. MIBC. Notably, Li and colleagues
found that CEUS exhibited sensibility and specificity comparable to mpMRI in BC staging
and grading, underscoring its value as a preoperative imaging modality for delineating
tumor invasion [19]. Moreover, the accuracy achieved through the combined diagnosis
of CEUS and MRI + diffusion-weighted imaging (DWI) was higher than that with the
single diagnostic method [19]. Hence, the combination of CEUS and MRI + DWI proved to
be a viable and effective approach for the clinical diagnosis of BC. Interestingly, the LRs,
which represent comprehensive indicators reflecting the accuracy values of diagnostic tests,
were notably robust in our study, with a positive LR (PLR+) of 7.3 (95% CI: 4.8-11.2) and a
negative LR (PLR—) 0.14 (95% CI: 0.08-0.23), providing compelling diagnostic evidence.
These results collectively highlight the robust diagnostic performance of CEUS in the as-
sessment of BC in both NMIBC and MIBC patients. This distinction should guide future
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research recommendations where the utilization of CEUS may direct patients towards
invasive and radical interventions, such as neoadjuvant chemotherapy + radical cystectomy.
Furthermore, CEUS can serve as a noninvasive approach for postoperative follow-up or
in high-risk NMIBC patients, suggesting the potential to avoid early repeated resection
(Re-TURB) offering valuable imaging information and with consequential socioeconomic
implications and impact on health-care-related costs. Second, we would like to emphasize
the potential role of CEUS as a first-line approach in patients with hematuria, as conven-
tional US techniques, such as greyscale US and color Doppler ultrasound (CDUS), exhibited
limited effectiveness in diagnosing malignant disease [26]. Nonetheless, previous studies
concluded that tumor vascularity and lesion size detected by CDUS did not align with
tumor stage and histological grade [27]. As previously discussed, CEUS emerges as a
valuable tool to overcome these limitations, enabling not only detection but also tumor
staging and grade in BC. However, in the evaluation of tumor grade, some considera-
tions should be made. Notably, previous studies assessing the potential role of CEUS in
predicting BC tumor grade (high grade vs. low grade) have been proposed [18,28]. In a
study by Gupta et al., CEUS was employed to predict the T stage and BC grade. Here, the
sensitivity of CEUS in diagnosing BC staging was higher than its sensitivity in grading
BC [18]. These analyses were based on time-intensity curves (TICs) extracted from the
region of interest positioned within the lesion and in the closest bladder wall. However,
we feel that caution should be reserved in interpreting these results since the software
employed for quantitative analysis of CEUS differs among various manufacturers. Several
proprietary software options are available, and the recorded TIC values can vary based on
the specific machine, probe, signal gain settings, and software utilized [29]. Additionally,
the authors observed that the quantity and dilution of the contrast agent may also have an
impact on TIC values [30]. Although these studies suggest promising outcomes, due to the
limited availability of data, it may be inappropriate to apply these enhancement patterns to
the global population, as the incidence of urothelial carcinoma varies worldwide due to
racial, sex, biological, and clinical differences [31-33].

Third, the significance of CEUS increases in patients where endoscopy examinations
pose a challenge (i.e., patients with severe urethra-stenosis) or in patients with absolute
contraindications for mpMRI. Moreover, CEUS has demonstrated its ability to enhance
the differentiation between vascularized tumors, characterized by distinct enhancement
patterns, and non-enhancing clots [34]. Hence, this feature is particularly relevant in cases
of hematuria, where conventional B-mode and Doppler ultrasound findings may lack
clarity. Nonetheless, three-dimensional contrast-enhanced ultrasound (3D CEUS) imaging
is an innovative medical imaging technique that spatially displays images from various
visual angles and uses reflections of microbubbles to clearly depict blood vessels [17].
Despite its recent introduction, 3D CEUS imaging has emerged as a valuable tool for
bladder pathologies [34]. These considerations are especially relevant now, considering the
increasing body of evidence that not only investigates the diagnostic performance of CEUS
but also explores potential novel implications in the management of BC. Taken together,
our results strongly indicate that CEUS can become a useful, non-invasive examination in
the future for the differential diagnosis of NMIBC vs. MIBC. These considerations now
appear to be particularly timely as a complementary growing body of evidence is emerging,
exploring not solely the diagnostic performance indexes of CEUS itself but also the potential
novel implications, which could derive from the internalization of a reliable preoperative
staging tool in the decision-making process of daily urological practice.

To the best of our knowledge, this is the first systematic review and meta-analysis that
assesses the diagnostic performance of CEUS focusing on the evaluation of the muscularis—
mucosa invasion. Nonetheless, our study is not without limitations. Firstly and more
importantly, the intrinsic limitations of CEUS, such as the patient’s constitution or intestinal
interposition should be considered. Secondly, the inclusion of a small number of studies
(n = 5), with limited sample sizes, represents a further limitation of this review. Thirdly,
possible confounders such as tumor sizes and the number of readers may reflect different
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accuracy rates. Fourth, a limit of CEUS results in low accuracy in determining the lamina
propria invasion. This thin layer tends to disappear with bladder overdistension, making
it particularly challenging to visualize in female patients and those with thin bladders.
Hence, optimum bladder filling is of primary importance. To address this limitation,
we consolidated Ta and T1 lesions into the NMIBC category. Despite these voids, our
study represents the most robust evidence available, given the current lack of high-quality,
well-designed, and adequately powered longitudinal studies in this field.

5. Conclusions

Our meta-analysis indicates that CEUS is highly accurate in the diagnosis and
staging for BC, demonstrating specificity and sensitivity levels in distinguishing between
Ta-T1 vs. >T2 stage comparable to reference standard methods. Beyond its accuracy,
CEUS offers the advantage of being a more cost-effective, safe, and versatile imaging
modality compared to MRI or CT. Future larger prospective studies are warranted.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/curroncol31020060/s1, Table S1: Quality assessment of the studies
according to QUADAS-2.

Author Contributions: Conceptualization, A.T. and G.B.D.P.; methodology, V.C. (Vittorio Canale);
software, D.R,; validation, V.S. and D.R.; formal analysis, A.T.; investigation, G.B.D.P; resources, 5.S.;
data curation, V.S.; writing—original draft preparation, A.T. and M.M.; writing—review and editing,
A.T. and G.B.D.P,; visualization, G.F. and A.S.; supervision, V.C. (Vito Cantisani) and A.S.; project
administration, A.S.; funding acquisition, A.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Sung, H,; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]

2. Bray, E; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394-424. [CrossRef]

3. Sun, M.; Trinh, Q.D. Diagnosis and staging of bladder cancer. Hematol. Oncol. Clin. N. Am. 2015, 29, 205-218, vii. [CrossRef]

4. Malik, R.E; Berry, R.; Lau, B.D.; Busireddy, K.R.; Patel, P; Patel, S.H.; Fishman, E.K.; Bivalacqua, T.]J.; Johnson, P.T.; Sedaghat, F.
Systematic Evaluation of Imaging Features of Early Bladder Cancer Using Computed Tomography Performed before Pathologic
Diagnosis. Tomography 2023, 9, 1734-1744. [CrossRef] [PubMed]

5. Shalaby, E.A.; Mohamed, A.R.; Elkammash, T.H.; Abouelkheir, R.T.; Housseini, A.M. Role of multiparametric magnetic resonance
imaging in the diagnosis and staging of urinary bladder cancer. Curr. Urol. 2022, 16, 127-135. [CrossRef]

6.  Panebianco, V.; Narumi, Y.; Altun, E.; Bochner, B.H.; Efstathiou, J.A.; Hafeez, S.; Huddart, R.; Kennish, S.; Lerner, S.; Montironi, R.;
et al. Multiparametric Magnetic Resonance Imaging for Bladder Cancer: Development of VI-RADS (Vesical Imaging-Reporting
and Data System). Eur. Urol. 2018, 74, 294-306. [CrossRef]

7. Woo, S.; Panebianco, V.; Narumi, Y.; Del Giudice, F.; Muglia, V.F,; Takeuchi, M.; Ghafoor, S.; Bochner, B.H.; Goh, A.C.; Hricak,
H.; et al. Diagnostic Performance of Vesical Imaging Reporting and Data System for the Prediction of Muscle-invasive Bladder
Cancer: A Systematic Review and Meta-analysis. Eur. Urol. Oncol. 2020, 3, 306-315. [CrossRef] [PubMed]

8.  Luo, C; Huang, B.; Wu, Y,; Chen, J.; Chen, L. Use of Vesical Imaging-Reporting and Data System (VI-RADS) for detecting the
muscle invasion of bladder cancer: A diagnostic meta-analysis. Eur. Radiol. 2020, 30, 4606—4614. [CrossRef] [PubMed]

9.  Tufano, A,; Drudi, EM.; Angelini, F; Polito, E.; Martino, M.; Granata, A.; Di Pierro, G.B.; Kutrolli, E.; Sampalmieri, M.; Canale, V.;
et al. Contrast-Enhanced Ultrasound (CEUS) in the Evaluation of Renal Masses with Histopathological Validation-Results from a
Prospective Single-Center Study. Diagnostics 2022, 12, 1209. [CrossRef]

10. Wong, VK,; Ganeshan, D.; Jensen, C.T.; Devine, C.E. Imaging and Management of Bladder Cancer. Cancers 2021, 13, 1396.
[CrossRef]

11. Tufano, A.; Leonardo, C.; Di Bella, C.; Lucarelli, G.; Dolcetti, V.; Dipinto, P.,; Proietti, E.; Flammia, R.S.; Anceschi, U.; Perdona,

S.; et al. Qualitative Assessment of Contrast-Enhanced Ultrasound in Differentiating Clear Cell Renal Cell Carcinoma and
Oncocytoma. J. Clin. Med. 2023, 12, 3070. [CrossRef]


https://www.mdpi.com/article/10.3390/curroncol31020060/s1
https://www.mdpi.com/article/10.3390/curroncol31020060/s1
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.hoc.2014.10.013
https://doi.org/10.3390/tomography9050138
https://www.ncbi.nlm.nih.gov/pubmed/37736991
https://doi.org/10.1097/CU9.0000000000000128
https://doi.org/10.1016/j.eururo.2018.04.029
https://doi.org/10.1016/j.euo.2020.02.007
https://www.ncbi.nlm.nih.gov/pubmed/32199915
https://doi.org/10.1007/s00330-020-06802-z
https://www.ncbi.nlm.nih.gov/pubmed/32242273
https://doi.org/10.3390/diagnostics12051209
https://doi.org/10.3390/cancers13061396
https://doi.org/10.3390/jcm12093070

Curr. Oncol. 2024, 31 827

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Séftoiu, A.; Gilja, O.H.; Sidhu, P.S.; Dietrich, C.E; Cantisani, V.; Amy, D.; Bachmann-Nielsen, M.; Bob, F; Bojunga, J.; Brock, M.;
et al. The EFSUMB Guidelines and Recommendations for the Clinical Practice of Elastography in Non-Hepatic Applications:
Update 2018. Ultraschall Med. 2019, 40, 425-453. [CrossRef]

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

Whiting, P.F; Rutjes, A.W.S.; Westwood, M.E.; Mallett, S.; Deeks, ].; Reitsma, ].B.; Leeflang, M.; Sterne, ].; Bossuyt, PM. QUADAS-2:
A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Intern. Med. 2011, 155, 529-536. [CrossRef]
Leeflang, M.M.; Deeks, ].J.; Rutjes, A.W.; Reitsma, ].B.; Bossuyt, PM. Bivariate meta-analysis of predictive values of diagnostic
tests can be an alternative to bivariate meta-analysis of sensitivity and specificity. J. Clin. Epidemiol. 2012, 65, 1088-1097. [CrossRef]
[PubMed]

Caruso, G.; Salvaggio, G.; Campisi, A.; Melloni, D.; Midiri, M.; Bertolotto, M.; Lagalla, R. Bladder tumor staging: Comparison of
contrast-enhanced and gray-scale ultrasound. AJR Am. J. Roentgenol. 2010, 194, 151-156. [CrossRef] [PubMed]

Li, Q.Y Tang, J.; He, E.H.; Li, YM.; Zhou, Y.; Zhang, X.; Chen, G. Clinical utility of three-dimensional contrast-enhanced
ultrasound in the differentiation between noninvasive and invasive neoplasms of urinary bladder. Eur. J. Radiol. 2012, 81,
2936-2942. [CrossRef] [PubMed]

Gupta, V.G.; Kumar, S.; Singh, S.K,; Lal, A.; Kakkar, N. Contrast enhanced ultrasound in urothelial carcinoma of urinary bladder:
An underutilized staging and grading modality. Cent. Eur. ]. Urol. 2016, 69, 360-365.

Li, C.; Gu, Z; Ni, P; Zhang, W,; Yang, E; Li, W.; Yao, X.; Chen, Y. The value of contrast-enhanced ultrasound and magnetic
resonance imaging in the diagnosis of bladder cancer. . Cancer Res. Ther. 2021, 17, 1179-1185. [CrossRef] [PubMed]

Fu, W,; Liu, D.; Xiong, Y.; Liu, C.; Liu, J.; Yi, X.; Zhao, T. The comparison between contrast-enhanced ultrasound and contrast-
enhanced magnetic resonance imaging in diagnosing bladder urothelial carcinoma. Int. Urol. Nephrol. 2023, 55, 1073-1079.
[CrossRef] [PubMed]

Tufano, A.; Flammia, R.S.; Antonelli, L.; Minelli, R.; Franco, G.; Leonardo, C.; Cantisani, V. The Value of Contrast-Enhanced
Ultrasound (CEUS) in Differentiating Testicular Masses: A Systematic Review and Meta-Analysis. Appl. Sci. 2021, 11, 8990.
[CrossRef]

Sidhu, PS.; Cantisani, V.; Deganello, A.; Dietrich, C.F.; Duran, C.; Franke, D.; Harkanyi, Z.; Kosiak, W.; Miele, V.; Ntoulia, A.; et al.
Role of Contrast-Enhanced Ultrasound (CEUS) in Paediatric Practice: An EFSUMB Position Statement. Ultraschall Med. 2017, 38,
33-43. [CrossRef] [PubMed]

Tufano, A.; Antonelli, L.; Di Pierro, G.B.; Flammia, R.S.; Minelli, R.; Anceschi, U.; Leonardo, C.; Franco, G.; Drudi, EM.; Cantisani,
V. Diagnostic Performance of Contrast-Enhanced Ultrasound in the Evaluation of Small Renal Masses: A Systematic Review and
Meta-Analysis. Diagnostics 2022, 12, 2310. [CrossRef] [PubMed]

Albrecht, T.; Blomley, M.; Bolondi, L.; Claudon, M.; Correas, ].M.; Cosgrove, D.; Greiner, L.; Jager, K.; Jong, N.D.; Leen, E.; et al.
Guidelines for the use of contrast agents in ultrasound. January 2004. Ultraschall Med. 2004, 25, 249-256. [CrossRef] [PubMed]
Sidhu, P.S.; Cantisani, V.; Dietrich, C.F; Gilja, O.H.; Saftoiu, A.; Bartels, E.; Bertolotto, M.; Calliada, F,; Clevert, D.A.; Cosgrove,
D.; et al. The EFSUMB Guidelines and Recommendations for the Clinical Practice of Contrast-Enhanced Ultrasound (CEUS) in
Non-Hepatic Applications: Update 2017 (Long Version). Ultraschall Med. 2018, 39, e2-e44. [PubMed]

Gharibvand, M.M.; Kazemi, M.; Motamedfar, A.; Sametzadeh, M.; Sahraeizadeh, A. The role of ultrasound in diagnosis and
evaluation of bladder tumors. J. Fam. Med. Prim. Care 2017, 6, 840-843.

Karahan, O.L; Yikilmaz, A.; Ekmekcioglu, O.; Ozturk, F.; Sevinc, H. Color Doppler ultrasonography findings of bladder tumors:
Correlation with stage and histopathologic grade. Acta Radiol. 2004, 45, 481-486. [CrossRef]

Drudi, EM.; Di Leo, N.; Malpassini, F.; Antonini, F; Corongiu, E.; Iori, F. CEUS in the differentiation between low and high-grade
bladder carcinoma. J. Ultrasound 2012, 15, 247-251. [CrossRef]

Drudi, EM.; Di Leo, N.; Maghella, E; Malpassini, F; Iera, ].; Rubini, A.; Orsogna, N.; D’Ambrosio, F. CEUS in the study of bladder,
method, administration and evaluation, a technical note. J. Ultrasound 2013, 17, 57-63. [CrossRef]

Tang, M.X.; Mulvana, H.; Gauthier, T.; Lim, A K.; Cosgrove, D.O.; Eckersley, R.].; Stride, E. Quantitative contrast-enhanced
ultrasound imaging: A review of sources of variability. Interface Focus 2011, 1, 520-539. [CrossRef]

Wang, Y.; Chang, Q.; Li, Y. Racial differences in Urinary Bladder Cancer in the United States. Sci. Rep. 2018, 8, 12521. [CrossRef]
Tufano, A.; Perdona, S.; Viscuso, P; Frisenda, M.; Canale, V,; Rossi, A.; Del Prete, P.; Passaro, F,; Calarco, A. The Impact of Ethnicity
and Age on Distribution of Metastases in Patients with Upper Tract Urothelial Carcinoma: Analysis of SEER Data. Biomedicines
2023, 11, 1943. [CrossRef] [PubMed]

Haines, L.; Bamias, A.; Krege, S.; Lin, C.C.; Hahn, N.; Ecke, T.H.; Moshier, E.; Sonpavde, G.; Godbold, J.; Oh, WK_; et al. The
impact of gender on outcomes in patients with metastatic urothelial carcinoma. Clin. Genitourin. Cancer 2013, 11, 346-352.
[CrossRef] [PubMed]

Srivastava, S.; Van Roekel, D.; Wright, J.L.; Bruce, M.; Dighe, M. Contrast-enhanced ultrasound (CEUS) in the evaluation of
bladder pathologies: Review. WFUMB Ultrasound Open 2023, 1, 100019. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1055/a-0838-9937
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1016/j.jclinepi.2012.03.006
https://www.ncbi.nlm.nih.gov/pubmed/22742916
https://doi.org/10.2214/AJR.09.2741
https://www.ncbi.nlm.nih.gov/pubmed/20028917
https://doi.org/10.1016/j.ejrad.2011.12.024
https://www.ncbi.nlm.nih.gov/pubmed/22260895
https://doi.org/10.4103/jcrt.jcrt_1056_21
https://www.ncbi.nlm.nih.gov/pubmed/34850765
https://doi.org/10.1007/s11255-022-03410-2
https://www.ncbi.nlm.nih.gov/pubmed/36422743
https://doi.org/10.3390/app11198990
https://doi.org/10.1055/s-0042-110394
https://www.ncbi.nlm.nih.gov/pubmed/27414980
https://doi.org/10.3390/diagnostics12102310
https://www.ncbi.nlm.nih.gov/pubmed/36291999
https://doi.org/10.1055/s-2004-813245
https://www.ncbi.nlm.nih.gov/pubmed/15300497
https://www.ncbi.nlm.nih.gov/pubmed/29510439
https://doi.org/10.1080/02841850410005390
https://doi.org/10.1016/j.jus.2012.09.002
https://doi.org/10.1007/s40477-013-0032-y
https://doi.org/10.1098/rsfs.2011.0026
https://doi.org/10.1038/s41598-018-29987-2
https://doi.org/10.3390/biomedicines11071943
https://www.ncbi.nlm.nih.gov/pubmed/37509582
https://doi.org/10.1016/j.clgc.2013.04.010
https://www.ncbi.nlm.nih.gov/pubmed/23673281
https://doi.org/10.1016/j.wfumbo.2023.100019

	Introduction 
	Materials and Methods 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Methodological Quality Assessment 
	Data Collection 
	Statistical Analysis 

	Results 
	Literature Search 
	Study Characteristics 
	Methodology Quality Assessment 
	Data Synthesis and Analysis 
	Publication Bias 

	Discussion 
	Conclusions 
	References

