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Abstract

Resumo

Objective: To evaluate the retrospective accuracy of the Vesical Imaging-Reporting and Data System (VI-RADS) in detecting muscle 
invasion in bladder cancer.
Materials and Methods: We investigated patients who underwent pelvic magnetic resonance imaging and were submitted to trans-
urethral resection of a bladder tumor between 2015 and 2018. Thirty cases were reviewed by radiologists blinded to the final clinical 
stage. The VI-RADS score was applied and compared with the histopathological findings in the surgical specimen.
Results: Of the 30 patients with suspicious bladder lesions, 5 (16.6%) had benign histopathological findings, 17 (56.6%) had non-
muscle-invasive bladder cancer, and 8 (26.6%) had muscle-invasive bladder cancer. The optimal criterion to detect muscle-invasive 
bladder cancer was a final VI-RADS score > 3, for which the sensitivity and specificity were 100% (95% CI: 56.0–100%) and 90.9% 
(95% CI: 69.3–98.4%), respectively.
Conclusion: The VI-RADS appears to estimate correctly the degree of muscle invasion in suspicious bladder lesions. However, pro-
spective studies evaluating larger samples are needed in order to validate the method.

Keywords: Urinary bladder neoplasms; Data systems; Magnetic resonance imaging/methods; Diffusion magnetic resonance imag-
ing/methods; Muscle, smooth/diagnostic imaging; Neoplasm invasiveness.

Objetivo: O objetivo deste estudo foi avaliar retrospectivamente a acurácia do Vesical Imaging-Reporting and Data System (VI-RADS) 
para detectar invasão muscular em câncer de bexiga.
Materiais e Métodos: Foram inseridos pacientes submetidos a ressonância magnética pélvica e a ressecção transuretral de bexiga 
entre 2015 e 2018. Trinta casos foram revisados, sem o conhecimento do estágio clínico final. O escore do VI-RADS foi aplicado e 
comparado aos achados histopatológicos da ressecção transuretral de bexiga.
Resultados: Entre os 30 pacientes com lesões vesicais suspeitas, 5 (16,6%) tinham achados histopatológicos benignos, 17 (56,6%) 
tinham câncer de bexiga não músculo invasivo e 8 (26,6%) tinham câncer de bexiga músculo invasor. O critério ideal para detectar 
câncer de bexiga músculo invasor foi o escore final do VI-RADS > 3, em que sensibilidade e especificidade foram, respectivamente, 
100% (IC 95%: 56,0–100%) e 90,9% (IC 95%: 69,3–98,4%).
Conclusão: O VI-RADS parece estimar corretamente o grau de invasão muscular em lesões suspeitas da bexiga; no entanto, estu-
dos maiores e prospectivos são necessários para validar o método.

Unitermos: Neoplasias da bexiga urinária; Sistema de dados; Ressonância magnética; Difusão por ressonância magnética/méto-
dos; Músculo liso/diagnóstico por imagem; Invasividade neoplásica.

Bladder cancer is staged using the tumor–node–metastasis 
(TNM) system(8). Detection of muscle invasion (> T1 dis-
ease) and metastatic disease are critical to guiding decisions 
regarding the treatment(2–4,6,9–11). 

Histopathological analysis of the specimen obtained 
through transurethral resection of bladder tumor (TURBT) 
can distinguish superficial from invasive tumors, although 
it is not able to determine the extravesical extent of the tu-
mor(12). Computed tomography of the abdomen and pelvis 
is the standard imaging method for staging MIBC and de-
tecting extravesical extension (T3 or T4 disease); however, 
it has low sensitivity for detecting tumors within the bladder 

INTRODUCTION

Bladder cancer is the most common tumor of the uri-
nary tract, the main types being urothelial and transitional 
cell carcinoma(1–3). Urothelial carcinoma is divided mor-
phologically into two categories(2,4–6): non-muscle-invasive 
bladder cancer (NMIBC) and muscle-invasive bladder can-
cer (MIBC). Whereas NMIBC is limited to the mucosa and 
lamina propria, typically having a good prognosis, despite 
the high recurrence rate(4), MIBC has a poor prognosis due 
to local organ invasion and metastases(1,7).

The appropriate management of urothelial carcinoma 
depends on accurate detection, staging, and surveillance(2,3). 
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and does not allow muscle invasion (T1 or T2 disease) to be 
quantified(3).

Multiparametric magnetic resonance imaging (mp
MRI)—conventional sequences, including T1- and T2-
weighted imaging (T2WI), plus two or more functional 
sequences, such as contrast-enhanced and diffusion-
weighted imaging (DWI)—provides better contrast reso-
lution, which can facilitate the distinction between the 
tumor and adjacent tissues, thereby favoring the identifi-
cation of muscle invasion(3,4,6). Two recent meta-analyses 
showed that MRI has high accuracy in predicting muscle 
invasion(13,14), with a pooled sensitivity of 87% and 92%, 
respectively, and a pooled specificity of 79% and 88%, 
respectively. In another meta-analysis(15), specificity was 
found to be higher when a 3.0 T scanner was used than 
when a 1.5 T scanner was used—93% versus 83%—and 
sensitivity and specificity were both found to be higher 
when mpMRI was used—94% and 95%, respectively. 
Hence, mpMRI may play a significant role in the treat-
ment decision-making process.

Despite the superior contrast resolution of mpMRI, 
radiologists may disagree on the presence of muscle in-
vasion(11). Therefore, a method establishing systematic 
evaluation could standardize imaging reports, increase in-
terobserver agreement, and facilitate communication be-
tween specialists. In response to this need, Panebianco et 
al.(11) proposed the Vesical Imaging-Reporting and Data 
System (VI-RADS), a standardized mpMRI protocol and 
scoring system to estimate the risk of muscle invasion by 
bladder cancer. The VI-RADS score uses T2WI structural 
categorization, DWI, and dynamic contrast-enhanced 
MRI to estimate the risk of muscle invasion.

The standardization of terms in imaging reports is es-
sential to ensure adequate therapeutic decision-making, 
because it allows the medical staff to interpret the imag-
ing findings more accurately and consistently. Therefore, 
the purpose of this retrospective study was to evaluate the 
muscle invasion criteria for bladder cancer described in 
the VI-RADS, correlating its final score with the TURBT 
histopathological findings. Barchetti et al.(2) and Wang et 
al.(16) recently demonstrated that the VI-RADS score has 

high accuracy in differentiating NMIBC from MIBC. To 
our knowledge, the Barchetti et al.(2) and Wang et al.(16) 
studies, together with the present study, are the earliest 
attempts to validate the recently proposed VI-RADS clas-
sification of bladder cancer.

MATERIALS AND METHODS

This was a retrospective study of patients who under-
went pelvic mpMRI at a private medical imaging clinic 
and TURBT at a private referral hospital between August 
2015 and August 2018. This study complied with the 
declaration of Helsinki and Brazilian National Health 
Council Resolution no. 196/96 regarding research involv-
ing humans. Because of the retrospective nature of this 
study, the need for informed consent was waived.

All mpMRI studies were performed in a 1.5 T scanner 
(Magnetom Avanto; Siemens Healthineers AG, Munich, 
Germany) and reviewed with the picture archiving and 
communication system of the private medical imaging 
clinic. Because the study was retrospective, the imaging 
protocol employed was similar but not identical to that 
suggested in the VI-RADS(11). The main differences be-
tween the imaging protocols are summarized in Table 1.

The inclusion criteria were as follows: a suspicious 
bladder lesion, defined in the VI-RADS as an intravesi-
cal lesion with an intermediate signal on T2WI, restricted 
diffusion on DWI, and early contrast enhancement on 
dynamic contrast-enhanced MRI(11); and suspicious focal 
bladder wall thickening (despite the VI-RADS recommen-
dation to include only untreated patients, post-TURBT pa-
tients with suspicious focal bladder wall thickening were 
also included because of a recurrent clinical situation in 
which mpMRI is requested to assess residual disease after 
the procedure). To simulate the clinical situation of VI-
RADS application, we included cases with and without  
bladder neoplasia, as identified by TURBT, that met the cri-
teria previously described, given that the use of VI-RADS  
is intended for pre-TURBT setting(11). Therefore, not all 
suspicious lesions necessarily correspond to neoplasia. 
The inclusion of cases without TURBT-confirmed neo-
plasia differs from the methodology employed in other 

Table 1—Differences between the pelvic imaging protocol used in the present study and that recommended in the VI-RADS.

Protocol employed in this study*

Axial DWI/ADC mapping with b values of 50, 400, and 800 
s/mm2

Axial, sagittal, and coronal T2-weighted TSE sequences 
without fat suppression

Axial T1-weighted sequence with fat suppression

Contrast-enhanced axial T1-weighted sequence, with fat 
suppression, acquired at 60 s and at 5 min (in the excre-
tory phase)

VI-RADS protocol(11)

Axial and coronal or sagittal DWI/ADC breath-hold spin echo-planar imaging sequence com-
bined with spectral fat saturation and a high b value (800–1000 s/mm2)

T2-weighted TSE or FSE sequences, without fat suppression, in at least two planes (axial, sagit-
tal, or coronal)

3D SE acquisitions (e.g., SPACE, CUBE, and VISTA) may be included

T1-weighted GRE (VIBE, LAVA, or THRIVE) sequence, with fat suppression, in 2D or 3D (3D is 
preferred), acquired before and 30 s after contrast injection, with new acquisitions every 30 s 
thereafter

* Standard pelvic imaging protocol employed at the private medical imaging clinic. ADC, apparent diffusion coefficient; TSE, turbo spin-echo; FSE, fast spin-echo; 
3D, three-dimensional; SE, spin-echo; SPACE, sampling perfection with application-optimized contrasts using different flip angle evolution; VISTA, volume isotropic 
turbo spin-echo acquisition; CUBE, same as VISTA (by General Electric); 2D, two-dimensional; VIBE, volumetric interpolated breath-hold examination; LAVA, liver 
acquisition with volume acceleration; THRIVE, T1-weighted high resolution isotropic volume examination; GRE, gradient-recalled echo.
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studies aimed at validating the VI-RADS(2,16). The exclu-
sion criterion was image quality being insufficient to al-
low the determination of the VI-RADS score.

All TURBT procedures were performed by the urol-
ogy department at the referral hospital. The TURBT 
histopathological findings were evaluated by one of the 
pathologists at that hospital, with more than 14 years of 
experience and a special interest in abdominal pathology. 
The histopathology slides were not reviewed. The MRI 
scans were evaluated separately by a radiology resident 
and by an expert in abdominal radiology from the imaging 
clinic with 13 years of experience and a special interest in 
urogenital oncology imaging, both of whom were blinded 
to the final clinical stage and worked independently. In all 
cases, each researcher applied the VI-RADS muscle inva-
sion criteria(11). When patients presented multiple blad-
der lesions, the dominant lesion (that with the highest VI-
RADS score) was considered. All images were then jointly 
reviewed by both researchers. Discrepancies regarding 
the final VI-RADS score were resolved by consensus, and 
the final score was compared with the histopathological 
results. Details of the scoring system can be found in the 
original description(11).

In the statistical analysis, Microsoft Excel was used 
in order to calculate the means, standard deviations, pro-
portions, sensitivities, specificities, positive predictive val-
ues, negative predictive values, and the empirical receiver 
operating characteristic (ROC) curve. The Newcombe-
Wilson method was used in order to calculate 95% confi-
dence intervals (CIs), and Fisher’s exact test was used in 
order to assess statistical significance.

RESULTS

Thirty-eight pelvic mpMRI scans met the inclusion 
criteria. However, eight cases were excluded because of 
insufficient image quality, mostly due to inadequate blad-
der distention (in 75%). Two (25%) of those eight cases 

were eventually diagnosed with MIBC, despite having no 
suspicious mpMRI findings other than diffuse bladder 
wall thickening (which was believed to be inflammatory 
in nature). Therefore, the final sample comprised 30 pel-
vic mpMRI scans (of 30 patients), all of which were re-
viewed with the purpose of applying the VI-RADS muscle 
invasion criteria and comparing the VI-RADS score with 
the TURBT histopathological results. Of the 30 patients, 
19 (63.3%) were male and 11 (36.6%) were female. The 
mean age was 68 ± 8.8 years.

The pathology findings in the TURBT surgical speci-
men included the following: vascular congestion and 
edema of the lamina propria, in 1 (3.3%) of the cases; 
prostatic tissue fragment, in 1 (3.3%); atypical urothelial 
proliferation, in 3 (10%); low grade papillary urothelial 
carcinoma, in 3 (10%); noninvasive high-grade papillary 
urothelial carcinoma, in 9 (30%); high-grade papillary 
urothelial carcinoma with subepithelial invasion but 
without muscle invasion, in 5 (16.6%); and muscle-inva-
sive urothelial carcinoma, in 8 (26.6%).

The mean time from TURBT to image acquisition 
was 29 ± 19 days (range, 5–67 days). The site most often 
affected was the anterior bladder wall (in 30%), followed 
by the posterior wall (in 18.5%) and trigone (in 14.8%). 
The mean size of the suspicious lesions was 21.3 ± 19.6 
mm (range, 3–86 mm).

In 8 (26.7%) of the 30 cases, the final VI-RADS score 
assigned was 1—indicating that muscle invasion is highly 
unlikely—, whereas it was 2—indicating that muscle in-
vasion is unlikely (Figure 1)—in 10 (33.3%), 3—indicat-
ing that muscle invasion is questionable (Figure 2)—in 
3 (10.0%), 4—indicating that muscle invasion is likely 
(Figure 3)—in 2 (6.7%), and 5—indicating that muscle in-
vasion and invasion of other extravesical tissues is highly 
likely (Figure 4)—in 7 (23.3%). In relation to morphology, 
13 (43.3%) of the lesions were sessile, 9 (30%) were polyp-
oid, and 8 (26.7%) presented as a focal wall thickening, the 

Figure 1. A 73-year-old woman with multiple polypoid VI-RADS 2 lesions in the anterior bladder wall. The dominant lesion (arrow) presents a high-signal-intensity 
thickened inner layer and integrity of the adjacent muscularis propria on T2WI (A), early enhancement of the inner layer on dynamic contrast-enhanced MRI (B) 
and a low-signal-intensity stalk on DWI (C). Histopathological analysis of the lesion indicated high-grade papillary urothelial carcinoma with an area of invasion of 
subepithelial tissue and normal adjacent muscularis propria bundles.
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last not being included in the original VI-RADS structural 
description and related to the fact that the patients had 
previously undergone bladder biopsy or TURBT.

All of the lesions receiving a final VI-RADS score of 
1, 2, or 3 were free of muscle invasion, whereas muscle 
invasion was identified in 50% of those receiving a final 
VI-RADS score of 4 and in 85.7% of those receiving a fi-
nal VI-RADS score of 5. The optimal criterion to detect 
MIBC using Youden’s index was a final VI-RADS score > 3,  
which had a sensitivity and specificity of 100% (95% CI: 
56.0–100%) and 90.9% (95% CI: 69.3–98.4%), respec-
tively (p < 0.05). Details, including the positive predictive 
value and negative predictive value for each cutoff score, 
are summarized in Table 2. The area under the ROC curve 
was 0.9675, and the ROC curve analysis is summarized in 
Figure 5. Misdiagnosis occurred in two cases (6.7%), both 
of which were cases of overstaging. In both cases, the time 
from TURBT to image acquisition was > 2 weeks (32 days 
and 38 days, respectively).

DISCUSSION

Recent studies conducted in Brazil have highlighted 
the importance of imaging methods, particularly MRI, in 
the evaluation of tumors affecting the genitourinary sys-
tem(17–22). The reported accuracy of mpMRI for tumor 
staging ranges from 75% to 94.5%(9,10,12,15). Although in-
terobserver agreement is usually good(12), radiologists may 
disagree on muscle invasion in some cases(11), especially 
when there is minimal bladder wall thickening, concomi-
tant inflammatory changes(9), or insufficient contrast be-
tween the tumor and the bladder wall in terms of signal 
intensity(10). Therefore, the VI-RADS has been promoted 
as a means of ensuring adequate interobserver agreement 
in the estimation of muscle invasion(11).

Our preliminary results in this small sample of suspi-
cious bladder lesions indicate that the performance of the 
VI-RADS is satisfactory, given that sensitivity, specific-
ity, and overall accuracy were high. However, to validate 
the method, there is a need for further studies, involving 

Figure 2. A 66-year-old man with a 
polypoid VI-RADS 3 lesion in the poste-
rior bladder wall, without a high-signal-
intensity thickened inner layer but with 
no clear disruption the muscularis pro-
pria on T2WI (A), a high-signal-intensity 
inner layer in DWI (B), and no clear 
disruption of the muscularis propria in 
the 5-min excretory phase (not shown, 
early contrast phase not recorded). His-
topathological analysis of the lesion in-
dicated high-grade papillary urothelial 
carcinoma with foci of invasion of the 
subepithelial tissue and normal adja-
cent muscularis propria bundles.A B

Figure 3. A 71-year-old man with post-TURBT focal thickening of the left lateral wall of the bladder, presenting interruption of the muscularis propria low-signal-
intensity line, suggesting muscle infiltration on T2WI (asterisk in A), focal enhancement extending into the muscularis propria in dynamic contrast-enhanced MRI 
(asterisk in B) and a tiny focus of restricted diffusion in the muscularis propria (asterisk in C). The minimal bladder distention significantly impeded the evaluation 
of the lesion. Although most of the intravesical vegetative lesion was removed during TURBT, signs of remaining suspicious lesion persist with signs of extension to 
the muscularis propria, without obvious extravesical extension. We suggest that such lesions could be classified as VI-RADS 4 (muscle invasion likely). Histopatho-
logical analysis of the lesion indicated high-grade urothelial carcinoma with subepithelial and muscle invasion.
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larger samples, preferably prospective, multicenter stud-
ies, with estimation of inter-reader agreement. Two re-
cent retrospective studies evaluated the accuracy of the 
VI-RADS in distinguishing NMIBC from MIBC(2,16). In a 
study including 75 patients and employing a 3.0 T scan-
ner, Barchetti et al.(2) demonstrated that the VI-RADS 
has high accuracy, with a sensitivity of 82–91% and a 
specificity of 85–89% (two readers), although the authors 
applied a final VI-RADS score cutoff of > 2. In that study, 
the overall level of interobserver agreement for the final  
VI-RADS score was good. In another study, including 
75 patients and also employing a 3.0 T scanner, Wang 
et al.(16) reported that disagreements between the read-
ers were resolved by consensus, as in our study. Those 
authors also found that a final VI-RADS score cutoff of 
> 2 had high accuracy—with a sensitivity of 87.1% and a 

specificity of 96.5%—and that the overall level of interob-
server agreement was excellent.

As reported by other authors, the most common type 
of misdiagnosis in the present study was overstaging. 
However, overstaging occurred in a significantly lower 
proportion of the patients in our sample (6.7%), com-
pared with the 34% and 32% reported by Kim et al.(9) and 
Tekes et al.(12), respectively, probably due to the good con-
trast resolution of DWI(10).

The original structural description in the VI-RADS in-
cludes only exophytic (polypoid) and sessile (broad-based) 
tumors(11). However, a significant proportion (26.6%) of 
the patients in our sample underwent MRI only after blad-
der biopsy or TURBT, and the MRI scan showed suspi-
cious focal bladder wall thickening in all of those patients. 
Therefore, we suggest that suspicious focal bladder wall 

Table 2—Sensitivity, specificity, positive predictive value, and negative predictive value for each final VI-RADS score cutoff point.

Final VI-RADS score

> 2
> 3
> 4
5

Accuracy

51.7%
82.7%
93.1%
93.1%

Sensitivity

Value

100%
100%
100%
85.7%

95% CI

56.0–100%
56.0–100%
56.0–100%
42.0–99.2%

Specificity

Value

36.3%
77.2%
90.9%
95.4%

95% CI

18.0–59.1%
54.1–91.3%
69.3–98.4%
75.1–99.7%

Positive predictive value

Value

33.3%
58.3%
77.7%
85.7%

95% CI

15.4–56.8%
25.5–83.5%
40.1–96.0%
42.0–99.2%

Negative predictive value

Value

100%
100%
100%
95.5%

95% CI

59.7–100%
77.0–100%
79.9–100%
75.1–99.7%

Figure 4. An 86-year-old man with a post-
TURBT VI-RADS 5 infiltrative lesion in the 
anterior bladder wall, presenting evident ex-
travesical extension on T2WI (A,B), early en-
hancement extending to the extravesical fat 
(C), and high signal intensity, also extending 
to the extravesical fat, on DWI (D). Although 
most of the intravesical vegetative lesion was 
removed during TURBT, an extensive lesion 
persisted, allowing the characterization of 
MIBC. Histopathological analysis of the lesion 
indicated invasive high-grade papillary urothe-
lial carcinoma with invasion of subepithelial 
tissues and infiltration of muscularis propria.
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thickening be included in the VI-RADS categorization 
of morphology. In such cases, to avoid overestimation of 
extravesical extension due to post-biopsy inflammatory 
changes, we recommend an interval of 1–2 weeks between 
the bladder procedure and MRI acquisition(1,11).

Despite previous reports stating that the degree of 
bladder distention has no influence on the detection of 
bladder tumors(9), the major difficulty in applying the VI-
RADS score was evaluating bladder lesions in a minimally 
distended bladder (Figure 4). The use of the protocol de-
vised by Panebianco et al.(11) should resolve that issue.

The preliminary results related to the VI-RADS report-
ing criteria for muscle invasion in bladder cancer obtained 
in the present study are promising. However, full applica-
tion of the method may require some modification of MRI 
pelvic imaging protocols. Therefore, to evaluate the meth-
od further, we encourage the adoption of the standardized 
mpMRI protocol devised by Panebianco et al.(11).

CONCLUSION

The VI-RADS grading system appears to estimate cor-
rectly the degree of muscle invasion in suspicious bladder 
lesions and could provide a means of standardizing ra-
diology reports and reducing interobserver variability. In 
addition to the original morphological VI-RADS descrip-
tions, we suggest inclusion of suspicious focal bladder 
wall thickening to describe lesions in patients who have 
previously undergone biopsy or TURBT.
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