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Bladder cancer (BCa) is among the ten most frequent cancers globally. It is the tumor with the highest lifetime treatmentassociated costs, and among the tumors with the heaviest impacts on postoperative quality of life. The purpose of this article is to review the current applications and future perspectives of the Vesical Imaging Reporting and Data System (VIRADS). VI-RADS is a newly developed scoring system aimed at standardization of MRI acquisition, interpretation, and
reporting for BCa. An insight will be given on the BCa natural history, current MRI applications for local BCa staging with
assessment of muscle invasiveness, and clinical implications of the score for disease management. Future applications
include risk stratiﬁcation of nonmuscle invasive BCa, surveillance, and prediction and monitoring of therapy response.
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B

LADDER CANCER (BCa) is among the ten most frequent cancers globally.1 Every year 550,000 people are
diagnosed with bladder cancer.2 Major risk factors for the
development are cigarette smoking, with a population-attributable risk of BC of about 40%,3 and other environmental
factors such as exposure to chemicals and industrial
pollutants.
The initial diagnostic workup for BCa involves ultrasound (US) or cystoscopy as ﬁrst-line tests, followed by diagnostic transurethral resection of bladder tumor (TURBT) for
the conﬁrmatory pathology. Around 70% of tumors are
nonmuscle-invasive bladder cancer (NMIBC), and more than
50% are Ta stage tumors.1,4 Although the majority of cases
are diagnosed at a nonmuscle-invasive stage, 200,000
deaths occur each year due to BCa.5 The rate of progression
and recurrence of the disease is high; nearly three-fourths of
patients diagnosed with high-risk BCa will recur, progress, or
die within 10 years from their diagnosis, partly due to the

inaccuracies of the diagnostic procedure.6 Epidemiological
studies show that between 30% and 45% of deaths are
preventable.7
Mortality among different countries is heterogeneous,
with the highest rates observed in countries such as the Middle East and North Africa.8 There is a signiﬁcant relation
between BCa mortality and the world development index,
strengthening the hypothesis that a higher degree of socioeconomic development is able to provide earlier diagnosis and
more appropriate treatment. BCa survival is strongly dependent on the treatment delivered, rather than the intrinsic
aggressiveness of the tumor.9 High rates of inaccuracy are not
only responsible for the increased morbidity and mortality,
but they also translate into higher costs. With the current
diagnostic protocol, the risk of residual disease after initial
TURBT may be as high as 50–70%, with the need to perform an additional tumor resection (re-TURBT) for restaging
the tumor.10 This constitutes a signiﬁcant preventable

View this article online at wileyonlinelibrary.com. DOI: 10.1002/jmri.27361
Received Apr 16, 2020, Accepted for publication Aug 27, 2020.
*Address reprint requests to: V.P., Viale del Policlinico 155, 00161 Rome, Italy. E-mail: valeria.panebianco@uniroma1.it
†
These authors contributed equally.
From the 1Department of Radiological Sciences, Oncology and Pathology, Sapienza/Policlinico Umberto I, Rome, Italy; 2Department of Maternal-Infant and
Urological Sciences, Sapienza/Policlinico Umberto I, Rome, Italy; 3Department of Radiology, Radiolonet Tokai, Nagoya, Japan; 4Department of Medical
Images, Radiation Therapy and Oncohematology, Ribeirao Preto Medical School, University of Sao Paulo, Ribeirao Preto, Brazil; 5Urology Unit, Academic
Medical Centre “Santa Maria della Misericordia”, Udine, Italy; and 6Department of Healthcare, Tachibana University, Kyoto, Japan

© 2020 International Society for Magnetic Resonance in Medicine

1

Journal of Magnetic Resonance Imaging

expense, considering the additional surgerical procedure and
hospital admissions that it requires. It is not a surprise that
BCa is currently the tumor with the highest lifetime
treatment-associated costs, with around $185,000 expenditure per case, and around $4 billion national costs of cancer
care in the U.S. per year.11,12 Despite the advancements in
surgical and pharmacologic treatment, the primary diagnostic
and therapeutic planning still need to be improved: BCa is
currently among the tumors with the heaviest impacts on
postoperative quality of life.13–15 An implementation of the
accuracy of the primary staging of the tumor is of vital importance at the present time, for different pathologies.16–19
In order to optimize the diagnostic pathway and minimize costs related to BCa management, new diagnostic techniques are being proposed. Preoperative multiparametric
magnetic resonance imaging (MRI), with the use of the Vesical Imaging Reporting and Data System (VI-RADS) scoring
system seems to constitute a possible solution to this issue.

Bladder Anatomy and Bladder Cancer
The bladder is a hollow pelvic organ, connected to the ureters
and to the urethra. As part of the urinary system, it is devoted
to the collection of urine: it can accommodate 400–600 mL
of urine (full distension), owing to the unique properties of
its anatomy. The urothelium is a pseudostratiﬁed columnar
epithelium composed of three cell types—the apical umbrella,
the medial, and the basal cells—highly modiﬁable in shape.20
The pseudostratiﬁed epithelium can display up to seven layers
of cells, sliding one or the other over a single basement membrane. Underlying the mucosa, the lamina propria is found, a
highly vascularized layer of connective tissue. The outer layer
is the muscularis propria (made of three well-represented
layers of smooth muscle tissue: an inner longitudinal, a middle circular, and an outer longitudinal). The outermost layer
is the adventitia: mesenchymal tissue that envelops the bladder and makes contact with the nearby infraperitoneal
organs.21 Thanks to the characteristics of its tissues, the bladder can display outstanding distensible properties and contractile strength at the same time.
The most frequent histologic variant of BCa is
urothelial cell carcinoma, accounting for more than 90% of
all cases; other lesser variants are squamous cell carcinoma,
adenocarcinomas, and lymphomas.22 Urothelial carcinoma is
an epithelial tumor arising from transitional cells of the bladder mucosa. It typically displays multifocal and a recurrent
nature.23,24 The morphology of the tumor is variable, and the
different variants can sometimes constitute a continuum in
the evolution of the neoplasm. The primary tumor can form
exophytic polypoid masses, or sessile inﬁltrative lesions;
carcinoma-in-situ (CIS) instead has a horizontal, highly invasive growth. Invasion of the muscularis propria (pT2) is a key
predictive and prognostic factor: there is a considerable drop
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in prognosis from nonmuscle-invasive and muscle-invasive
BCa .25 For this reason, the pathologic and radiologic assessment of muscle invasion is of fundamental importance, and
affects therapeutic planning dramatically.26

Bladder Cancer Staging and MRI
The TNM system is used to stage BCa.27 Ta tumor inﬁltrates
the innermost layer of the bladder lining. T1 cancer grows
into the connective tissue, not invading the detrusor muscle
layer. T2 cancer has grown into the muscle, with T2a into
the superﬁcial and T2b into the deeper lining. T3 cancer has
grown into the adipose tissue layer, with T3a and T3b representing microscopic and macroscopic invasion, respectively.
T4 cancer spreads outside the bladder, with T4a to adjacent
organs and T4b to distant tissues, outside pelvis and abdomen. Therefore, BCa staged ≤T1 is deﬁned as NMIBC and
≥T2a as MIBC, the two having very different prognosis and
therapeutic planning. It is essential to accurately differentiate
NMIBC and MIBC, since the two require very distinct management. In the setting of BCa staging, MRI of the urinary
bladder has proven to be able to accurately differentiate
NMIBC from MIBC. MRI strengths lie in its high spatial
resolution and soft-tissue contrast.28–30
Local staging is performed, evaluating the presence of
muscle-invasiveness (T1 vs. T2 stage), perivesical fat invasion
(T3 stage), adjacent structure involvement (T4 stage), and
assessment of pelvic lymph nodes (N stage), and bones
(M stage). MRI can properly assess local staging thanks to
morphological T2-weighted images (T2WI) associated with
functional diffusion-weighted images (DWI) / apparent diffusion coefﬁcient (ADC map), and dynamic contrast-enhanced
MRI (DCE) sequences. T2WI allows the evaluation of the
location, size, and morphology of bladder lesions, and reduces
staging errors thanks to its high signal-to-noise ratio (SNR)
and excellent anatomical visualization.31 MRI functional
sequences application has further increased the accuracy of
the technique.32–34 On T2WI, BCa usually has a signal intensity (SI) intermediate to urine and muscle. The detrusor muscle has a low SI on T2WI, and if discontinuous should raise
suspicion of T2 stage tumor.35–37 On DWI, BCa is typically
hyperintense (with correspondingly low ADC values), the
normal muscle layer is of intermediate SI.38,39 In 2009,
Takeuchi et al33 described the inchworm sign recognized in
stalked exophytic tumors, representing the arch-shaped
hyperintense appearance of the tumor over the hypointense
submucosal stalk. They proposed the sign, indicative of a
pT1 or lower tumor, as an imaging biomarker to predict
tumor aggressiveness. On DCE MRI, tumors show early
enhancement after contrast injection, with the detrusor muscle generally showing late enhancement; muscle-invasiveness
(T2 stage) is suspected whenever the detrusor muscle shows
early enhancement.35,38,40,41 MRI cannot identify CIS.42
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Differentiation between T2a and T2b is deﬁned due to the
prognostic signiﬁcance, with T2b patients carrying a signiﬁcantly increased risk for lymph node metastasis (14%
vs. 30%, respectively) and decreased survival rates43; T2 substaging is not feasible with MRI; however, patient management does not change in these two categories.42 T3a
categorization is not feasible with MRI, and it can only be
assigned on pathology specimens.44 Again, the management
for both T2 and T3a is the same.45,46 Fat tissue macroscopic
involvement (T3b) is assessed with MRI, with the tumor
extending to the perivesical adipose tissue on both T2WI and
DW images, associated with irregularity of the bladder wall
and postcontrast enhancement.31,46 Whenever there is disruption of the normal SI and morphology of adjacent organs on
T2WI and the DWI/ADC map with associated early
enhancement, direct extension of the tumor into the adjacent
organ should be suspected and staged as T4 tumor.31,47 In
2015, Gandhi et al48 published results of a meta-analysis carried out on about 5000 patients, showing that MRI should
be considered as potentially superior to the current standard
for clinical staging for ≤T1 vs. ≥T2, ≤T2 vs. ≥T3, and <T4b
vs. pT4b, not for T-any vs. T0. In 2017, a meta-analysis by
Woo et al49 showed a pooled sensitivity and speciﬁcity of
0.92 and 0.87, respectively, for differentiating stage T1
tumors from T2 or higher. In 2018, in a similar research
Huang et al50 showed a pooled sensitivity and speciﬁcity of
0.90 and 0.88, respectively, with results going up to 0.92 and
0.96 when MRI was performed with a 3T scan, with DWI as
part of the acquisition protocol. In 2019, Zhang et al51 published a meta-analysis on the diagnostic accuracy of MRI as a
staging tool for BCa with a total of 140 studies included,
showing a pooled sensitivity of 0.84 (95% conﬁdence interval
[CI] = 0.79–0.89), speciﬁcity of 0.91 (95% CI: = 0.87–
0.93), and an area under the curve (AUC) of 0.946.

VI-RADS
In 2018, a panel of multidisciplinary experts developed,
through consensus using existing literature, the VI-RADS to
standardize MRI acquisition and interpretation for BCa.42
The Protocol
PATIENT PREPARATION. Based on the VI-RADS document, antispasmodic agents could be administered so as to
minimize motion and susceptibility artifacts from bowel peristalsis, thus improving imaging acquisition. The application
of saturation bands on the anterior abdominal wall can reduce
respiratory inﬂuences.
Adequate distension of the bladder is vital to avoid false
positives and negatives due to up- and understaging. Patients
are instructed to void 1–2 hours before imaging and to drink
500–1000 mL of water in the 30 minutes before the examination, depending on individual tolerance. MRI can be used

as real-time imaging to determine bladder ﬁlling. Patients
with an underdistended bladder should repeat the scan after
30–60 minutes; those with an overdistended bladder should
void and start drinking again.42 The optimal bladder volume
for imaging is around 300 mL; therefore, in patients with a
urethral catheter, 250–400 mL sterile saline can be used to
distend the bladder.31
MRI ACQUISITION PROTOCOL. The minimal acquisition

protocol consists of a combination of high-resolution T2WI
on three planes (axial, coronal, and sagittal), and two functional MRI techniques: DWI and DCE MRI. A T1-weighted
(T1W) image is used to detect the presence of blood products
and clot in the bladder, and bone metastasis. All the
sequences should display the whole bladder, proximal urethra,
pelvic nodes and pelvic viscera (prostate, seminal vesicles,
uterus, ovaries, fallopian tubes, and vagina). The use of a
high-ﬁeld scan (1.5 or 3.0T) is recommended to achieve
appropriate spatial resolution and SNR. A multichannel
phased array body surface coil with at least 16 channels is also
recommended.16 An overview of setting recommendations is
presented in Table 1.
T2-Weighted Images. T2WI shows the bladder anatomy and

is used for tumor detection, localization, evaluation of the
size, and morphology. 2D or 3D, fast-spin-echo (FSE) or
turbo-spin-echo sequences are acquired with a slice thickness
of 3–4 mm and a small ﬁeld of view (FOV), to achieve
appropriate spatial resolution with an acceptable SNR. Images
acquired with isotropic voxels can be reformatted using a
plane perpendicular to the tumor base.52,53
Diffusion-Weighted Images. DWI reﬂects the Brownian
motion of water molecules and it is a key component of the
bladder MRI examination. An axial breathing-free spin-echo
EPI sequence with spectral fat saturation is recommended.
Acquisition of DW images on the coronal and/or sagittal
plane can be performed, especially when tumors are localized
at the bladder dome. A DWI sequence consists of multiple b
values; typically b 800–1000 s/mm2 are required; a very high
b value may degrade SNR.33,54 Anatomical location is a limit
of DWI, and it requires matching with the T2W images. To
minimize mismatch, it is important to have a homogenous
magnetic ﬁeld.46 DWI is sensitive to artifacts caused by ﬁeld
inhomogeneities. To reduce artifacts, to achieve a more
homogenous ﬁeld, and to minimize bowel movement, a short
echo time (TE) can be used and a small shim box can be
applied around the bladder.55 Recently, Warndahl et al56 proposed a new DWI sequence for the detection of prostate cancer, that could be applyed to the bladder. It is acquired with
a 2D spatially selective, echo-planar RF pulse to excite a limited extent in the phase FOV direction, showing lower
3
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TABLE 1. Summary Table With MRI Settings at Both 1.5T and 3T Scanner

T2W

DWI

DCE MRI

1.5T

3.0T

1.5T

3.0T

1.5T

3.0T

5000

4690

4500

2500 up
to 5300

3.3

3.8

TE (msec)

80

119

88

61

1.2

1.2

Flip angle (degree)

90

90

90

90

13

15

FOV (cm)

23

23

27

32

35

27

Matrix

256 × 189–256 400 × 256–320 128 × 109

128 × 128

256 × 214 192 × 192

Slice thickness (mm)

4

3–4

4

3–4

2

1

Slice gap (mm)

0–0.4

0–0.4

0–0.4

0.3–0.4

0

0

Number of excitations

1–2

2–3

10–15

4–10

1

1

MRI parameter setting at
TR (msec)

b value

0–800–1000 0–800–1000
(up to)
2000 s/mm2

DCE = dynamic contrast enhancement; DWI = diffusion-weighted imaging; FOV = ﬁeld of view; MRI = magnetic resonance imaging;
TE = echo time; TR = repetition time; T2WI = T2 weighted imaging.

susceptibility to ﬁeld inhomogeneity and signiﬁcant improvement in interreader agreement and image quality.
Dynamic Contrast-Enhanced MRI. DCE MRI is the ﬁnal
key component of the VI-RADS and bladder MRI acquisition protocol. It reﬂects tissue vascularity and microvessel permeability. An axial 3D T1 gradient echo (GRE) sequence
with fat suppression is the preferred sequence, allowing higher
spatial resolution. When acquired in 3D, images can be
reformatted on different planes, which should be perpendicular to the tumor base.
Images are acquired in the precontrast phase and during
injection of a gadolinium-based contrast agent. It is administered using an injector system (0.1 mmol/kg of body weight)
at a rate of 1.5–2.0 mL/s if a standard relaxivity agent is used
and followed by a saline ﬂush. A high temporal resolution of
<15 seconds is used to show early enhancement of the tumor.
Signal contrast in the inner layer and the muscularis layer
decreases with time; therefore, it is not useful to acquire latephase images for T staging.42
The original VI-RADS document speciﬁes the technical
requirements and the acquisition protocol of MRI of the
bladder.42

Semeiotics and Reporting
MRI spatial resolution allows to differentiate the bladder
“inner layer” (mucosa and lamina propria) from the “outer
layer” (muscularis propria) and from the perivesical fat tissue.
Speciﬁcally, in healthy tissue the “inner layer” is not
4

visualized on either T2W or DW images; instead, the
detrusor muscle appears as a low SI line on T2W images, and
as an intermediate SI line on DWI and ADC, where urine
appears hypo- and hyperintense, respectively. On DCE, the
“inner layer” shows early enhancement (hyperintense line);
instead, the outer layer shows a more delayed and progressive
enhancement. When muscle invasiveness is present, the outer
layer immediately below the bladder tumor enhances well.
Diffuse or focal thickening of the bladder wall may
appear because of an evolving inﬂammatory process and/or as
a consequence of prior tumor resection, involving the “inner
layer” (mucosa and lamina propria). In such cases, a thickened high SI line can be seen on T2W images representing
the edematous inner layer overlaying the low SI muscular
layer; on DWI the edematous mucosa is seen as a relatively
hypointense line.37–39
Tumor morphology should be assessed on T2W images.
BCa can take several forms: it can be sessile or papillary, and
it can show an endo- or exophytic growth pattern; they can
also be ﬂat or mixed. Papillary tumors can be broad-based or
pedunculated. Pedunculated papillary tumors show a better
prognosis than the rest of the BCa forms.38
The most common location of tumor growth is the lateral walls and the bladder base. Few authors have correlated
the location of the tumor with a more severe prognosis, with
bladder tumor arising from the bladder neck having the worst
prognostic signiﬁcance.57,58 The VI-RADS document recommends the use of a schematic bladder map, to further standardize reporting. The presence of multiple tumors should be
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recorded, specifying the number of lesions, the size of the
largest tumor, and the tumor with the more advanced appearance (highest suspected stage).42
The Score
VI-RADS is a 5-point category scale for MRI of the bladder
that allows the radiologist to assign a numerical category to
bladder lesions that deﬁnes the risk of muscle invasiveness.
The score comprises ﬁve categories, from 1 to 5, with VIRADS 1 and 2 representing very low and low likelihood of
muscle invasiveness (Fig. 1); VI-RADS 3 reﬂecting an equivocal category (Fig. 2); VI-RADS 4 and 5, a high and very high
likelihood of muscle invasiveness (Figs. 3, 4). In order to
minimize the number of false-negative results that would dramatically change the prognostic outcome, VI-RADS ≥3 has
been suggested as muscle-invasive bladder cancer; however,
VI-RADS ≥4 is also potentially useful.
The goal of the VI-RADS is to standardize and optimize the image acquisition of MRI of the bladder and to
standardize reporting, focused on accurate and reproducible
local staging of BCa. It is meant to be applied to untreated
patients and to patients having received diagnostic TURBT,
before re-TURBT.42

According to VI-RADS, BCa on MRI is deﬁned as an
intravesical lesion with T2 signal intensity intermediate to
urine and muscle, a high signal intensity on DWI, matching
to a low signal intensity at the ADC map, with early enhancement at DCE-MRI.
Tumors should be assessed on T2W images, DWI, and
DCE singularly, to create an overall risk of the invasion score.
The VI-RADS algorithm for overall score assessment sees
T2W images as the “ﬁrst-pass” sequence for BCa staging for a
VI-RADS score from 1 to 3, and DWI (ﬁrst) and DCE (second; especially if the DWI is suboptimal in quality) as the
dominant sequences for risk estimates of scores 4 and 5.42 A
summary of the pathological staging correlation with the ﬁnal
VI-RADS score according to single categories is depicted in
Table 2.
ASSESSMENT ON T2WI . The single assessment on T2W
images deﬁnes the structural category (SC). Interruption of
the low SI line representing the muscularis propria, on T2W
images, should raise suspicion of muscle-invasive bladder cancer (≥T2 stage). SC 1 and 2 is assigned to lesions associated
with an uninterrupted low SI line representing the integrity
of muscularis propria, smaller or larger than 1 cm,

FIGURE 1: A 64-year-old female with positive cystoscopy. (a–c) T2W imaging (axial, coronal plane) shows two pedunculated masses,
one <1 cm in size (arrow) and one >1 cm in size (arrowhead), both in the right lateral bladder wall, the smaller localized more
anteriorly, both with intermediate SI not extending through the muscularis propria. T2W imaging assigned as VIRADS categories
1 and 2, respectively. (d) DCE imaging shows early and heterogeneous enhancement of the lesions, not extending through the
muscularis propria; enhancement of the inner layer can be appreciated. DCE assigned as VI-RADS categories 1 and 2, respectively.
(e,f) DWI (b = 2000) and ADC maps show signiﬁcant restricted diffusion, not extending through the muscularis propria; the
inchworm sign can be appreciated at the posterior lesion. DWI assigned as VIRADS categories 2 and 1, respectively. Overall VIRADS score was 1 for the smaller mass and 2 for the larger.
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FIGURE 2: A 75-year-old male treated with TURB for NMIBC. (a,b) T2W imaging (sagittal, axial plane) shows a sessile mass >1 cm in
size (arrowhead) at the level of the anterior bladder wall, with intermediate SI that does not extend through the muscularis propria.
T2W imaging assigned as VIRADS category 2. (c) DCE imaging shows early and heterogeneous enhancement of the lesion, not
clearly extending through the muscularis propria. DCE assigned as VI-RADS category 3. (d,e) DWI (b = 2000) and ADC maps show a
lesion with signiﬁcant restricted diffusion, not clearly extending through the muscularis propria. DWI assigned as VIRADS category
3. Overall VI-RADS score was 3.

FIGURE 3: A 72-year-old male with positive cystoscopy. (a,b) T2W imaging (coronal, axial plane) shows a sessile mass >1 cm in size at
the level of the right lateral bladder wall/dome of the bladder, with intermediate SI that extends through the muscularis propria.
T2W imaging assigned as VIRADS category 4. (c) DCE imaging shows early and heterogeneous enhancement of the lesion, extending
through the muscularis propria. DCE assigned as VI-RADS category 4. (d,e) DWI (b = 2000) and ADC maps show a lesion with
signiﬁcant restricted diffusion, extending through the muscularis propria. DWI assigned as VIRADS category 4. Overall VI-RADS
score was 4.

6

Panebianco et al.: MRI and VI-RADS Score for Bladder Cancer

FIGURE 4: A 73-year-old male with positive ultrasound. (a,b) T2W imaging (coronal, axial plane) shows a sessile mass >1 cm in size at
the level of the posterosuperior bladder wall, with intermediate SI that extends through the muscularis propria, invading the
perivesical fat tissue. T2W imaging assigned as VIRADS category 5. (c) DCE imaging shows early and heterogeneous enhancement of
the lesion, extending through the muscularis propria, invading the perivesical fat tissue. DCE assigned as VI-RADS category 5. (d,e)
DWI (b = 2000) and ADC maps show a lesion with signiﬁcant restricted diffusion, extending through the muscularis propria, invading
the perivesical fat tissue. DWI assigned as VIRADS category 5. Overall VI-RADS score was 5.

respectively (<T2 stage). SC 3 is assigned to exophytic tumor
without stalk, or sessile tumor with no clear disruption of low
SI muscularis propria, and without a high SI thickened “inner
layer.” SC 4 is assigned to tumors associated with an interruption of the low SI muscularis propria still conﬁned to the
organ (T2 stage). SC 5 is assigned to tumors extending outside the bladder wall, with invasion of the perivesical fat
and/or adjacent organs (≥T3 stage).

ASSESSMENT ON DWI. The single assessment on DW
images deﬁnes the diffusion weighted category (DW). A bladder mass showing high SI on DWI and low SI on the ADC
map extending to the muscularis propria should raise a suspicion of muscle-invasive bladder cancer (≥T2 stage). Tumor
stalk and an inner layer have low SI on DWI. DW categories
1 and 2 are assigned to tumors associated with an underlining
intermediate SI continuous muscularis propria, smaller or
larger than 1 cm, respectively (<T2 stage). DW category 3 is
assigned to tumors lacking the descriptors of categories 1 and
2 but corresponding to an SC 2 (on T2W images) and with
no clear disruption of low SI muscularis propria. DW categories 4 and 5 are assigned to tumors extending to the
muscularis propria (T2 stage) and through the entire bladder
wall and beyond (≥T3 stage), respectively.

ASSESSMENT ON DCE. The single assessment on DCE
images deﬁnes the contrast enhanced category (CE). An
enhancing bladder mass associated with early enhancement of
the underlining muscularis propria should raise suspicion of
muscle-invasive bladder cancer (≥T2 stage). CE category
1 deﬁnes tumors corresponding to SC 1, with no early
enhancement of the muscularis propria (<T2 stage). CE 2 is
assigned to tumors corresponding to SC 2, with no early
enhancement of the muscularis propria and with early
enhancement of the inner layer (<T2 stage). CE 3 is identical
to DW 3. CEs 4 and 5 are assigned to early enhancing
tumors extending focally to the muscularis propria (T2 stage)
and through the bladder wall and beyond (≥T3 stage),
respectively.
A more comprehensive summary of the single categories
and overall score is described in Table 2.

Diagnostic Performance
To date, the VI-RADS score has been validated by several
research groups, showing good diagnostic performance in
detecting muscle-invasive bladder cancer.59–72 The ﬁrst published study investigating the diagnostic accuracy and interreader reliability of the VI-RADS score was carried out by
Ueno et al59 in 2019, on a retrospective cohort of 74 patients.
The intraclass correlation coefﬁcients among ﬁve readers was
7
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TABLE 2. T-Staging and Final VI-RADS Score According to Single Categories

T-stage

Final VI-RADS
score

T2WI

DCE

DWI

T1

Exophytic mass < 1 cm
with a continuous
underlining detrusor
layer (± stalk and ±
thickened inner layer) –
SC 1

No early enhancement of
the detrusor layer – CE 1

Mass hyperintense on DWI
and hypointense on ADC
map with a continuous
underlining detrusor layer
on DWI – DW 1

VI-RADS 1

T1

Mass with a continuous
underlining detrusor
layer (± hyperintense
thickened inner layer if
exophytic or with
hyperintense thickened
inner layer if sessile) –
SC 2

No early enhancement of
detrusor layer with early
enhancement of inner
layer – CE 2

Mass hyperintense on DWI
and hypointense on ADC
map with a continuous
underlining detrusor layer
on DWI (with hypointense
stalk ± hypointense
thickened inner layer on
DWI, if exophytic; with low
or intermediate SI thickened
inner layer on DWI, if
sessile) – DW 2

VI-RADS 2

T1

Disappearance of category
2 ﬁndings, but no clear
disruption of low SI
detrusor layer – SC 3

CE 2

DW 2

VI-RADS 2

T2

Disappearance of category
2 ﬁndings, but no clear
disruption of low SI
detrusor layer – SC 3

Lack of category 2 ﬁndings
with no clear disruption
of hypointense detrusor
layer – CE 3

Lack of category 2 ﬁndings
with no clear disruption of
hypointense detrusor layer –
DW 3

VI-RADS 3

T2

SC 3

Early enhancing mass that
extends focally to
detrusor layer – CE 4

High signal-intensity tumor
on DWI and low
signal-intensity tumor on
ADC map extending focally
to detrusor layer – DW 4

VI-RADS 4

T2

Extension of the
intermediate SI tumor
tissue with interruption
of low SI line (detrusor
layer) – SC 4

CE 4

DW 4

VI-RADS 4

T2

Extension of intermediate
SI tumor to extravesical
fat, with invasion of the
extravesical tissues – SC
5

CE 4

DW 4

VI-RADS 4

>T2

SC 5

Tumor early enhancement
extends to the
extravesical fat – CE 5

High signal-intensity tumor
on DWI and low
signal-intensity tumor on
ADC map extending to the
extravesical fat – DW5

VI-RADS 5

T2WI = T2-weighted imaging; DCE = dynamic contrast enhanced; DWI = diffusion weighted imaging; VI-RADS = Vesical Imaging
Reporting and Data System; SC = structural category; CE = contrast enhanced category; DW = diffusion weighted category.
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0.85 (95% CI, 0.80–0.89) and a pooled AUC was 0.90
(95% CI: 0.87–0.93). Wang et al62 in 2019 and Kim et al63
in 2020 published investigations with the two largest retrospective cohorts of patients, respectively 340 and 339. Both
groups investigated the sensitivity, speciﬁcity, and AUC for
VI-RADS scores ≥3; the results achieved by Wang et al were
respectively 87.1% (95% CI: 78–93%), 96.5% (95% CI:
93–98%), and 0.94 (95% CI: 0.90–0.98); the interreader
agreement between the two readers was 0.92 (95% CI:
0.85–0.98). Kim et al showed an accuracy of 63.7% (95%
CI: 56.4–73.2), sensitivity of 94.6% (95% CI: 90.1–97.9),
and speciﬁcity of 43.9% (95% CI: 39.5–55.6).
In 2020, Del Giudice et al60 published the largest prospective study carried out on a cohort of 231 patients, where
the authors showed a good performance of the VI-RADS
score in differentiating NMIBC from MIBC, with an accuracy of 0.94 (95% CI: 0.91–0.97); also, as a secondary aim,
they examined the possible role of the VI-RADS score to
stratify high-risk NMIBC patients as candidates for secondary
tumor resection, demonstrating an AUC of 0.93 (95% CI:
0.87–0.97). In March 2020, the ﬁrst systematic review and
meta-analysis was published by Woo et al66; it included six
studies with a total of 1770 patients included. Pooled sensitivity and speciﬁcity were 0.83 (95% CI: 0.70–0.90) and
0.90 (95% CI: 0.83–0.95), and the AUC was 0.94 (95% CI:
0.91–0.95). Factors contributing to heterogenicity among the
studies were found to be signiﬁcantly related to the number
of patients in each study, the MRI scan magnetic ﬁeld
strength, the slice thickness of T2W images, and the VIRADS cutoff score (≥3 vs. ≥4). Although pathologic conﬁrmation remains the standard of reference, VI-RADS had
proved to be a reliable tool to preoperatively stage BCa, differentiating nonmuscle-invasive from muscle-invasive disease.
Table 3 summarizes all published studies investigating the
performance of the VI-RADS score.

Discussion
Clinical Implications
To date, the role of MRI in BCa diagnosis and staging has
not yet been established.
BCa diagnostic and staging work-up according to
European and American guidelines consists mostly of cystoscopy examination and TURBT in patients presenting with
hematuria and/or suspicion of BCa after ultrasound exam or
positive urinary cytology. Assessment of muscle invasion is
essential in staging and treatment of BCa, because therapeutic
planning and prognosis are strictly related to it.
In patients with NMIBC, the prognostic risk stratiﬁcation for recurrence and progression depend on multiple factors: the number of tumors, tumor size, previous recurrence
rate, T stage, pathology grade, and the presence of concurrent
CIS, according to the EORTC and CUETO models. For

NMIBC, transurethral resection with or without intravesical
Bacillus Calmette–Guerin (BCG) instillations is recommended; also, radical cystectomy should be discussed with
patients at highest risk of tumor progression.73,74 Up to 70%
of patients with NMIBC experience disease relapse within
5 years, with 20–30% of patients progressing to muscle-invasive disease despite long-term surveillance after primary therapy.75,76 The high rate of recurrence and progression to
MIBC are the main factors underlying the high mortality
related to BCa. Due to high recurrence rates, often an additional tumor resection (re-TURBT) procedure within
4–6 weeks is required for NMIBC for restaging purposes, in
order to avoid understaging.10,77–79 Patients with MIBC
instead undergo radical cystectomy (when feasible) with or
without neoadjuvant chemotherapy (NAC) or immunotherapy for patients enrolled in clinical trials. More than a third
of clinically conﬁned tumors show extravesical extension at a
ﬁnal pathologic examination.80 Despite improvement in surgical techniques, the rate of relapse remains high, with 5-year
survival rates of 36–48% for disease staged ≥pT3-T4 and/or
with nodal involvement,81 with an overall 5-year mortality
rate after radical cystectomy ranging from 50–70%.82

Applications of VI-RADS
The use of MRI and the VI-RADS score might ﬁt in multiple
settings. Currently, VI-RADS applicability is best suited in
the pre-TURBT setting and before intravesical BCG administration. Preoperative MRI and VI-RADS scoring might be
used for therapy response prediction by identifying tumors
that need initially a more radical approach.42 Also, among
patients with high-risk NMIBC, VI-RADS scoring might be
of use for disease risk stratiﬁcation and as an indication to
undergo secondary resection of the tumor or to avoid it.60
However, as previously mentioned, the high tumor recurrence rate and the common need of a secondary tumor resection cannot exclude its use as a follow-up diagnostic
modality for disease monitoring. In NMIBC surveillance,
MRI might represent a reliable non-invasive alternative to follow-up with cystoscopy, with reduction of disease-related
costs. In this setting, structural changes of the bladder wall
must be considered. On T2W images wall thickening, caused
by ﬁbrosis and inﬂammatory changes secondary to the surgical procedure, might be misdiagnosed as BCa recurrence/residue.42 To overcome such issues, the application of functional
sequences, notably DCE-MRI and DWI, proved to be reliable in differentiating BCa from benign ﬁndings.36,83,84 In
the original VI-RADS document, it was suggested to perform
MRI at least 2 weeks after TURBT and BCG administration
in order to avoid overstaging caused by posttreatment architectural changes and at least 2 days after cystoscopy or
removal of a Foley catheter to lower the risk of artifacts.
However, such timing is based on expert consensus and
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should be further clariﬁed in future investigations to provide
data-driven improvements to the scoring system.
In patients with MIBC, MRI and VI-RADS scoring
might be useful to stage tumors likely to beneﬁt from neoadjuvant therapy, to identify tumors suited for bladdersparing surgery and chemoradiation, and to plan a surgically
feasible therapeutic TURBT.42,85,86
Future Perspectives
The VI-RADS score might become a tool for prediction of
both tumor aggressiveness and response to therapy, as well as
a clinical predictor for perioperative outcomes. Several studies
have demonstrated how MRI functional sequences are reliable
in determining and predicting tumor aggressiveness.46,87–91
Notably, ADC value quantiﬁcation has been proposed as a
potential biomarker by Kobayashi et al, showing that an
ADC cutoff value of 0.86 × 10–3 mm2/s (sensitivity of 88%,
a speciﬁcity of 85%, and an accuracy of 87%) could be used
to identify clinically aggressive phenotypes differentiating high
grade tumors from less aggressive phenotypes.92 A few years
before Takeuchi et al proposed the ADC value as a predictor
of BCa grading, there were signiﬁcant differences between the
values of G1 and G3 and between G2 and G3.33
Tumor response to therapy can be evaluated with the
use of MRI in different clinical pictures: before, interim, and
after therapy. Among others, the role of MRI was assessed by
Yoshida et al in 2010 and in 2014, who proposed DWI-MRI
as a biomarker to predict chemoradiation sensitivity in
MIBC.93,94 More recently, Nguyen et al95 acquired a data
matrix of voxelwise ADC values for each patient before NAC
and correlated the results with the patient’s response to chemotherapy, demonstrating that resistant tumors were more
heterogeneous in their spatial distribution of ADC values.
Also, Necchi et al, in 2019, demonstrated the role of MRI in
the evaluation of response to therapy before and after immunotherapy, achieving promising results.96
MRI application during chemotherapy might stratify
patients according to earlier prediction of treatment failure,
with the main goal of reducing morbidity and costs. The efﬁcacy of MRI in predicting response was demonstrated by
Barentsz et al97 in 1998, showing an accuracy, sensitivity,
and speciﬁcity of 73%, 79%, and 63%, respectively, in distinguishing responders from nonresponders, with T2WI
alone. The results went up to 95%, 93%, and 100%, respectively, when DCE-MRI was evaluated in the analysis. The
crucial role of DCE in identiﬁcation of chemotherapy
responders was conﬁrmed later on by other groups, reaching
similar results.98–100 There is not a large body of evidence
investigating the role of MRI in the posttreatment setting.
Donaldson et al101 proposed DCE-MRI as a biomarker for
evaluation of treatment response after radical cystectomy.
Choueiri et al102 assessed the pathologic response after NAC
in patients with MIBC, showing a sensitivity and speciﬁcity

of 79% and 55% of DCE-MRI for determining responders,
respectively.
Furthermore, MRI and VI-RADS score outcomes have
been adopted as clinical predictors of a delayed time to radical
interventions (ie, radical cystectomy) in the subpopulation of
patients subsequently diagnosed with locally advanced extravesical BCa. In a recently published retrospective cohort
series, Del. Giudice et al103 assessed the diagnostic accuracy
of VI-RADS to discriminate interclass features of stage II
vs. III BCa. Beyond its high overall accuracy to correlate with
pathologically proven ≥pT3 tumors (AUC 94.2%, 95% CI:
88.7–99.7), the authors identiﬁed VI-RADS score 5 as an
independent unfavorable predictor for signiﬁcant delayed
time to cystectomy (ie, >3 months from TURBT diagnosis of
MIBC; odds ratio [OR] 2.81, 95% CI: 1.20–6.62). The
implication of such preliminary ﬁndings might lead in the
future to designing clinical trials where VI-RADS could be
utilized to minimize the reliance and morbidity of TURBT
for MIBC detection and to aid urologists to select the cases
that may require urgent radical interventions due to the presence of a high burden of disease.
The body of evidence for the widespread use of MRI in
clinical practice is growing; nonetheless, it needs to be
reinforced, particularly in the setting of therapy response evaluation and prediction.104

Limitations and Conclusion
Principal caveats for bladder assessment with MRI are the
requirement for an adequate bladder distension, the potential
need of an antispasmodic agent injection to reduce motion
artifacts, the need to properly deﬁne a speciﬁc timing and
possible imaging pitfalls after TURBT, BCG administration,
and neoadjuvant chemo- and immune-therapy in BCa monitoring to avoid overstaging, and the lack of means to evaluate
ﬂat urothelial lesions (CIS). Nonetheless, MRI offers signiﬁcant potential beneﬁts for BCa staging evaluation and most
of these limitations can be overcome with the support of
future data-driven evidence.
VI-RADS scoring was developed in 2018 by a panel of
experts to standardize evaluation and reporting of MRI for
BCa staging. It has been proven to be a reliable tool in differentiating nonmuscle-invasive from muscle-invasive bladder
cancer. It is also a promising tool in patient stratiﬁcation for
therapeutic planning, disease surveillance, and for the evaluation of tumor aggressiveness and response to therapy. Currently, the widespread use of the score is limited due to
narrow expertise and lack of testing. Nonetheless, the VIRADS score has been consistently validated across several different institutions as an appropriate tool for local staging of
BCa and proved to contribute to the diagnostic workup and
management of bladder cancer.
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