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Abstract: Bladder cancer (BC) is common worldwide, and has aggressive features and high rates of
relapse despite treatments. Approximately 30% of patients present with muscle invasive disease,
and therefore, high risk of metastasis. This review provides an overview of the state of the art for
the “Vesical Imaging Reporting and Data System” (VI-RADS). This scoring system presents a tool for
the local staging of BC and has been validated across several institutions. We discuss the current
application and the potential future clinical implications of VI-RADS in BC diagnosis, management
and follow-up.

Keywords: bladder cancer; multiparametric magnetic resonance imaging; VI-RADS

1. Introduction

Bladder cancer (BC) represents the 10th most common neoplasm accruing 549,000 new
diagnosis and almost 200,000 deaths per year [1]. It is predominant in males and is
characterized by high recurrence ratios [2]. Urothelial carcinoma (UC) accounts for 90% of
cases and represents the most common histotype. Invasion into the muscle layer divides BC
into non-muscle-invasive bladder cancers (NMIBC) and muscle-invasive bladder cancers
(MIBC) [3]. This division, as well as the extension of loco-regional disease, determines
appropriate clinical management strategies and prognosis. Transurethral resection of
bladder tumours (TURBT) is indicated to appropriately stage and manage NMIBC, while
radical cystectomy is the standard of care for MIBC.

Achieving a pre-TURBT prediction of muscle invasion could be an important asset in
BC staging [4]. In this setting, magnetic resonance imaging (MRI) plays a crucial role thanks
to its high-contrast resolution. Indeed, MRI allows one to discern the different layers of
bladder wall, unlike ultrasound and computed tomography (CT), so it may be able to stage
BC without requiring invasive procedures [4,5]. Recent publications have reported that
MRI shows good diagnostic performance in the preoperative prediction of muscle-layer
infiltration. This has resulted in the first version of the Vesical Imaging-Reporting and Data
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System (VI-RADS) being introduced in 2018 [6]. VIRADS reports the probability of muscle-
layer invasion on a five-point numeric scale. The scoring system achieved good preliminary
results and optimistic prospects, therefore ongoing investigation is being performed to
improve procedural standardization.

This scoring system may have an application in all phases of BC management, and
this is reflected in the published studies which analyse different aspects of VI-RADS in
diverse clinical settings. This review aims to provide a comprehensive assessment of
published literature on VI-RADS, constituting an updated overview of current applications,
limitations and future perspectives.

2. Materials and Methods

A bibliographic search was performed in the Scopus (Elsevier, Amsterdam, The Nether-
lands), MEDLINE (US National Library of Medicine, Bethesda, MD, USA) and Web of
Science (Thomson Reuters, Toronto, ON, Canada) databases in March 2023. Combinations
of the following descriptors were used according to a free-text protocol: “multiparametric
magnetic resonance imaging” and “bladder cancer” or “Vesical Imaging Reporting and
Data System”. Only articles in English were included. Conference abstracts, case reports,
case series and commentaries were not included. Results were narratively reported and no
quantitative synthesis of data was performed. All records were screened by three authors
(LN, MC, LO) for inclusion.

3. Diagnostic Protocol

In the clinical management of BC, the assessment of muscle invasion plays a crucial
role in determining appropriate treatments. Currently, BC staging is based on clinical
examination, TURBT specimens and radiological imaging findings. The evaluation of
local bladder disease, nodal involvement, distant metastases and any concurrent upper
tract disease utilises contrast-enhanced CT studies of the abdomen and pelvis. Suggested
CT phases include pre-contrast, early arterial and delayed excretory phase [7,8]. Multi-
parametric MRI (mpMRI) plays a crucial role in assessing the detrusor muscle invasion
due to its excellent contrast resolution [9]. It is strongly recommended that m mpMRI is
performed before or at least two weeks after bladder intravesical treatment or procedures
as reactive oedema or inflammation may result in local over-staging [6]. Furthermore, since
free air in the bladder can cause distortion of diffusion weighted images (DWI) due to
susceptibility artifacts, 2-3 days should elapse between the removal of a vesical catheter or
cystoscopy and MRI exam. Before starting the MRI scan, the intramuscular administration
of an antispasmodic agent is suggested to avoid motion artifacts from bowel peristalsis.
Adequate bladder distension is necessary to accurately assess BC and the possible inva-
sion of the detrusor muscle. Patients are therefore advised to empty their bladder one or
two hours before the exam or drink 500-1000 mL of water in the 30 min preceding imaging.
The assessment of bladder distension with ultrasound may be useful to evaluate that the
bladder is optimally full, with an approximate volume of 300 mL. An MRI scanner of 1.5 or
3.0 T should be preferred to achieve high spatial resolution and a high signal-to-noise ratio.
The field of view (FOV) of all images should include the whole bladder, proximal urethra,
pelvic lymph nodes, prostate in male patients, uterus, ovaries, fallopian tubes, and vagina
in female patients. The mpMRI examination includes T2w images, DWI, and dynamic
contrast-enhanced images (DCE-MRI) [6]. In detail, T2w images are usually acquired in at
least two planes, using 2D fast-spin-echo (FSE) or turbo-spin-echo sequences. The location
of the tumour influences the most appropriate plane to accurately evaluate the extent of the
BC and its relationship with the bladder wall and perivesical fat. Minimizing any partial
voluming effect is key to this process [10]; therefore, planes orthogonal to the tumour may
be utilised. Additionally, thin slices of 3-4 mm are preferred to maximize spatial resolution,
whilst needing to balance this against the signal-to-noise ratio.

DWIJ, a functional MRI technique, measures the Brownian motion of water molecules
within a voxel. This motion is dependent on tissue cellularity and therefore, in densely
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cellular tumour tissues which are associated with necrosis, fibrosis, haemorrhage and
neo-angiogenesis, there is reduced Brownian motion [11]. The apparent diffusion coef-
ficient (ADC) could be calculated from DWI sequences and is inversely proportional to
the cell density. Two breathing-free spin-echo echo-planar imaging (EPI) sequences are
recommended for the accurate staging of BC, with spectral fat saturation and a high b-
value (800-1000 s/mm?). Regarding DCE images, a 3D T1w gradient echo (GRE) sequence
with fat suppression is preferred due to its higher resolution than with 2D acquisition.
Pre-contrast images are required and can be useful to identify haemorrhages and clots in
the bladder. The gadolinium-based contrast agent is administered at a recommended dose
of 0.1 mmol/kg at a rate of 1.5-2.0 mL/s followed by saline flush. Contrast images are
acquired 30 s following the start of contrast injection and then followed by a series of four
to six sequences every 30 s. This captures the enhancement pattern of tissues, with early
enhancement of the inner layer of the bladder wall subsequently followed by the tumour.
With time, the signal contrast between the tumour and bladder wall decreases, meaning
late phases are of little value for local T staging [6].

4. MRI Appearance of Bladder Cancer and VI-RADS

Before discussing the MRI appearance of BC, an accurate description of the MRI
appearance of the bladder wall is required. In detail, the bladder wall is composed of three
strata: mucosa, muscularis propria, and serosa/adventitia [9]. The mucosa includes the
surface urothelium and underlying subepithelial connective tissue, also known as lamina
propria, which is thinner at the trigone and thicker at the dome. The muscularis propria
(detrusor muscle) is made up of smooth muscle bundles organized into an inner and an
outer layer with different orientations. Finally, the serosa, a part of the visceral peritoneum,
covers the bladder dome, while a layer of adventitia, composed of connective tissue, covers
the remaining areas of the bladder. Unfortunately, MRI does not allow the visualization of
all the described layers. The inner layer is not seen on T2w images as well as on DWI/ADC,
while it appears as a hyper-intense line on DCE-MRI because of its early enhancement.
However, in the case of an inflamed urothelium and lamina propria, the inner layer appears
as a thickened hyperintense line on T2w images and hypointense line on DWI, due to
oedema. The detrusor muscle is seen in all MRI sequences and appears hypo-intense on
T2w images, while it is characterized by intermediate signal intensity on DWI/ADC. After
the contrast injection, it enhances slowly and progressively. Any intravesical lesion with a
T2 signal intensity intermediate to urine and muscle, a high DWI signal associated with a
low signal at ADC map, and which shows postcontrast early enhancement at DCE-MRI,
should be considered as a suspicious lesion [6]. As mentioned above, in clinical practice,
the differential diagnosis between MIBC and NMIBC is crucial. In this setting, mpMRI
may be a very promising imaging tool in the accurate evaluation of BC and in its local
staging thanks to morphological high-resolution T2w images and functional DWI images
and DCE sequences. For that, Panebianco et al. proposed VI-RADS, an MRI-based scoring
system assessing tumour appearance in T2w, DWI and DCE images to standardize the
image acquisition reporting of bladder mpMRI [6]. VI-RADS is composed of a 5-point scale,
which reflects the overall risk of muscle invasiveness: each bladder lesion is assigned a
final score from 1 to 5: VI-RADS 1 represents very low likelihood of muscle invasiveness
and VI-RADS 5 a very high likelihood of detrusor muscle invasion. This scoring could
be applicable both to untreated patients and those who have received diagnostic TURBT
before re-TURBT. The VI-RADS algorithm for the overall score assessment considers T2w
images as the primary sequence for BC staging for a VI-RADS score from 1 to 3, and DWI
and DCE as the dominant sequences for VI-RADS 4 and 5. In case of discordance between
T2w images and DCE-MRI scores, DWI should be considered as the dominant sequence to
maximise accuracy [9].
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4.1. T2-Weighted Image Evaluation

On T2w images, the radiologist may assess the morphologic characteristics of the
lesion, such as size, growth pattern, and morphology, as well as the location and degree
of interruption of the hypointense muscle by the intermediate signal tumour. This is
possible thanks to the high signal-to-noise ratio and excellent anatomical detail. BC may
have different patterns of growth: intramural, endoluminal, flat and mixed. In the case of
endoluminal growth, the tumour can be papillary broad-based or pedunculated. Regarding
the location of bladder lesion, a schematic map was elaborated and identifies six bladder
surfaces: the dome, the right and left lateral surfaces, the trigone and the posterior and
anterior surfaces [10].

Table 1 shows the assessment of BC T2w appearance, which defines the structural
category (SC).

Table 1. Structural categories and corresponding lesions.

Structural Category (SC) Bladder Cancer (BC) Lesion

Non-invasion of muscularis propria; lesion < 1 cm;
SC1 exophytic tumour with or without stalk and with or
without thickened inner layer

Non-invasion of muscularis propria; lesion > 1 cm;
exophytic tumour with stalk with or without
hyper-intensity thickened inner layer, or sessile tumour
with hyper-intensity thickened inner layer, when present

SC2

No clear detrusor-muscle invasion, associated with an
SC3 exophytic tumour without stalk or sessile tumour without
hyper-intensity thickened inner layer

SC4 Detrusor-muscle invasion

SC5 Extravesical fat invasion

4.2. DWI Image Evaluation

On DWI, the radiologist may evaluate the degree of extension of the DWI high-
signal-intensity tumour into the DWI intermediate signal muscle, as shown in Table 2.
Takeuchi et al. described the “inchworm sign”, represented by the arch-shaped hyperin-
tense appearance of the tumour over the hypointense submucosal stalk [12]. This finding is
indicative of lower tumour and an imaging biomarker of tumour aggressiveness.

Table 2. DWI and corresponding lesions.

DWI Categories Bladder Cancer (BC) Lesion

No interruption of intermediate signal intensity of muscularis propria;

lesion < 1 cm characterised by high signal intensity on DWI and low

signal intensity on ADC map, with or without stalk, with or without
hypo-intense thickened inner layer on DWI.

DWI category 1

No interruption of intermediate signal intensity of muscularis propria;
lesion > 1 cm characterised by high signal intensity on DWI and low
DWI category 2 signal intensity on ADC map, with stalk, with or without
hypo-intense thickened inner layer on DWI, or sessile tumour with
low- or intermediate-signal-intensity thickened inner layer on DWI.

Absence of DWI category 2 findings without evidence of clear

DWI category 3 disruption of muscularis propria.

High-signal-intensity tumour on DWI extending focally to muscularis

DWI category 4 propria.

DWI category 5 Extravesical fat invasion.
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4.3. DCE-MRI Image Evaluation

The DCE-MRI images accurately assess the extension of the tumour, which enhances
early, into the muscle, which enhances late, as shown in Table 3.

Table 3. Contrast-enhanced (CE) categories and corresponding lesions.

Contrast-Enhanced (CE) Category Bladder Cancer (BC) Lesion

CE category 1 No early enhancement of the muscularis propria.

No early enhancement of the muscularis propria,

CE category 2 but early enhancement of the inner layer.

Absence of category 2 findings, without any
CE category 3 evidence of clear disruption of hypo-intensity of
muscularis propria.

Focal extent of tumour early enhancement in the

CE category 4 muscularis propria.

Extent of the tumour early enhancement in the

CE category 5 entire bladder wall and extravesical fat.

The final VI-RADS score is obtained using the T2w, DWI and DCE-MRI categories, as
shown in Table 4.

Table 4. VI-RADS scoring system.

VI-RADS DWI/CE Categories Structural Category (SC)
VI-RADS 1

(muscle invasion highly unlikely) DWIand CE1 Scl
VIRADS2 DWI and/or CE 2 SC2,SC3

(muscle invasion unlikely)
VI-RADS 3
(muscle invasion equivocal) DWIand CE 3 S5C3
VI._RAD.S 4 . DWI and/or CE 4 SC 3,5C4,SC5
(muscle invasion likely)

VI-RADS 5

(muscle invasion highly likely) DWIand/or CE5 SC4,5C5

5. Diagnostic Performance of VI-RADS

Since its introduction in 2018 [6], the VI-RADS reporting scheme for mpMRI has
shown excellent results in differentiating MIBC from NMIBC. The most important factors
in determining the diagnostic performance of VI-RADS were accuracy—measured as area
under the curve (AUC) of hierarchical summary receiver operating characteristic (HSROC)
curve—sensitivity, specificity, and inter-reader agreement. Even though the vast majority
of published studies are single-institution and retrospective in nature, consistent data
has recently been gained from prospective multicentre studies and systematic reviews.
Five different meta-analyses on VI-RADS unanimously reported high sensitivity and
specificity for predicting muscle invasion as well as a high diagnostic accuracy [13-17]. As
summarised in Table 5, sensitivity, specificity and AUC ranged between 0.83-0.92, 0.82-0.90
and 0.93-0.94, respectively, when a cut-off score of VI-RADS > 3 was used, and 0.77-0.78,
0.94-0.97 and 0.91-0.94, respectively, when a cut-off score of VI-RADS > 4 was used.
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Table 5. VI-RADS diagnostic performance: pooled results reported from meta-analyses.
Cutoff VI-RADS 3 Cutoff VI-RADS 4
Author # Studies # Participants ] N
Sensitivity (%) Specificity (%) R‘gtf:e?nbe’ft‘:’:)‘ Accuracy (AUC) Sensitivity (%) Specificity (%) K‘gt‘::e?nb:netr;’:)r Accuracy (AUC)
Luo ef]aglj' 2020 6 1064 0.9 0.86 - 0.93 0.77 097 0.92
Woo et ?11., 2020 6 1770 0.83 0.9 0.94 - - _
[14]
Del Giudice et al.,
2020 [18] 8 1016 - - 0.83 - - - -
Jazayen et al. 2021 2 2576 0.89 0.84 - 093 - - 093
Jazayeri et al., B B ~ B B B
2002 [10] 19 2439 0.76
Feng e[t] 21] 2022 19 2900 0.92 0.82 - 0.94 0.78 0.96 0.94
Del Giudice et al.,
2022 [16] 20 2477 0.87 0.86 - 0.93 0.78 0.94 091

AUC = area under the curve; K = Cohen’s kappa coefficient; # = number of.
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Jazayeri et al. [19] and Del Giudice et al. [18] performed two meta-analyses to deter-
mine the inter-reader reliability, reporting their pooled Cohen’s kappa (k) coefficient. These
were found to be high to very high, ranging from 0.76 to 0.83 (Table 5). Similarly, a more
recent prospective multi-centre study [20] showed that reporting bladder MRI according
to the VI-RADS score provided a substantial inter-reader agreement (k = 0.81) among
radiologists of different levels of expertise, with overall VI-RADS showing the highest AUC
(0.95) compared to individual bladder MRI sequences (T2WI: 0.94; DWI: 0.93; DCE: 0.94).
Arita et al. in a retrospective cohort of 66 patients obtained high to very-high interobserver
agreement and accuracy for local staging, with a high diagnostic performance of the over-
all VI-RADS score for radiologists and also urologists [21]. Furthermore, VI-RADS was
highly accurate for the diagnosis of different variants of MIBC, other than pure urothelial
carcinoma [22]. An important point raised by Luo et at [13] was that a cut-off VI-RADS > 4
should be applied when using imaging only to predict muscle invasion and not operating
TURBT prior to radical cystectomy, whilst a cut-off of VI-RADS > 3 would perform better
in sensitivity and negative likelihood ratio, therefore decreasing the misdiagnosis of MIBC.
This should be then used to evaluate patients who will receive TURBT for confirmation of
muscle invasiveness via histopathology. A multicentre prospective study published by Met-
wally et al. in 2021 [23] reported a combined positive predictive value (PPV) and a negative
predictive value (NPV) of 92.5% and 83.6% in VI-RADS > 4, respectively, among different
readers. Additionally, Bicchetti et al. in their multicentre prospective study published in
2022 [20] showed that reporting bladder MRI using VI-RADS provided a sensitivity ranging
83-93%, specificity 80-92%, PPV 67-81%, NPV 93-96%, and accuracy of 84-89% for more
experienced readers; whilst a sensitivity ranging 83-95%, specificity 73-86%, PPV 60-71%,
NPV 92-97%, and accuracy 80-85% for the less experienced readers. The AUC was 0.95 for
the more experienced readers and 0.93 for the less experienced readers. Different factors,
including the number of patients, magnetic field strength (3 T vs. 1.5 T), T2-weighted image
slice thickness (3 mm vs. 4 mm), VI-RADS cut-off score (>3 vs. >4) [14] and study design
and radiological characteristics [16] were commonly considered to be significant factors
affecting the heterogeneity of the studies reported in the literature. Another strength of
VI-RADS is represented by the good performance in staging patients after BC treatment [24]
and it is also good at identifying patients who need to undergo re-resection TURBT [25].
Some anatomical and technical radiological factors can affect the accuracy of this scoring
system, among these the flat appearance of the tumour should be mentioned [26].

6. MRI vs. Other Imaging Modalities and Diagnostic Cystoscopy

As mentioned above, the staging of BC traditionally relies on TURBT integrated
with cross-sectional imaging (CT and MRI) to assess for nodal involvement and distant
metastases. mpMRI plays a crucial role in the local staging of BC, whilst additionally
assessing extravesical spread of the tumour to lymph nodes, bones and the upper urinary
tract, through the use of functional sequences and its high contrast resolution [27-29].
However, other imaging modalities preserve an additional role in MIBC patients: bone
scintigraphy is recommended in cases of suspected bone metastases and PET/CT shows
higher sensitivity than CT in the assessment of nodal staging. Furthermore, PET/CT is
highly recommended for restaging and the assessment of therapy response. PET/MRI is a
novel imaging technique in BC imaging and its role is promising [30]. A small retrospective
cohort study compared the local tumour staging in BC using mpMRI with VI-RADS
scoring system and dual-phase contrast-enhanced CT. It reported that muscle invasion was
overestimated in MRI and underestimated with CT [31]. Kufukihara et al. compared the
diagnostic accuracy of VI-RADS with diagnostic cystoscopy, proving the superiority of
VI-RADS, particularly for tumours located on the bladder neck, trigone, dome, posterior
and anterior walls [32]. However, different concerns have been raised regarding the
inability of the MRI to diagnose carcinoma in situ (CIS) [33], which incidence ranges
between 5-19% [34] among patients with NMIBC, making diagnostic cystoscopy still an
incontrovertible option in the bladder-cancer diagnostic pathway.
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7. bpMRI vs. mpMRI Accuracy in VI-RADS

As the MRI is gaining a dominant role in BC staging, several studies have focused on
the best combination of anatomic sequences and the possibility to omit DCE sequences. Dur-
ing the past decade, commonly used bladder MRI protocols included anatomic sequences
of Tlw- and T2-w imaging, and functional sequences of DCE and DWI. Comparative,
multi-reader studies [35,36] have been published to assess the accuracy of the mpMRI and
the biparametric (bp) MRI protocols in detecting MIBC using the VI-RADS criteria, with
no significant differences shown in diagnostic performance between the two protocols
and excellent agreement among the readers as well as high diagnostic accuracy, sensitiv-
ity and specificity. Furthermore, in both MRI protocols, diagnostic performance did not
appear to be significantly affected by the reader’s experience when using the VI-RADS
criteria [35], regardless of the use of DCE sequences [37]. According to Gmeiner et al., only
the T2w-imaging independently contributed to the diagnosis of high-grade and MIBC upon
multivariate logistic regression [38], accurately showing the characteristics of BC without
the necessity of a full multiparametric approach. Similarly, DWI-based VI-RADS scor-
ing had the highest sensitivity (90.3-90.3%), specificity (99.1-95.8%), accuracy (97.3-94%),
and AUC (0.947-0.914) in estimating MIBC for readers in the study of Aslan et al. [35].
Moreover, Watanabe et al. [39] developed a modified VI-RADS without DCE imaging,
defined “non-contrast-enhanced VI-RADS (NCE-VI-RADS), which achieved a predictive
accuracy for muscle invasion comparable to that of standard VI-RADS reporting. On
the other hand, some authors underline the importance of DCE MRI, when disparities
between sequences are found [9,12]. In a small-cohort multi-reader prospective study, Delli
Pizzi et al. advocated carefulness when interpreting DCE sequences by less experienced
readers, as a confounding factor such as inflammatory changes could potentially lead to an
overestimation of the tumour stage [40]; however, most importantly, the non-contrast MRI
protocol had the same diagnostic accuracy as the standard mpMRI in detecting muscle
invasion, whatever the reader’s experience [41].

8. Complementary Strategies

Wang et al. [42] proposed an additional strategy to accurately evaluate invasion
depth of a tumour via the tumour contact length, proving the enhancement of the PPV
of VI-RADS (90.91-91.59% compared to 82.46-87.72% found in VI-RADS score alone).
Other complementary strategies have been proposed to improve the prediction of muscle
invasiveness, including neoadjuvant chemotherapy (nac) VI-RADS (nacVI-RADS) for
the radiologic assessment of the response to treatment among patients with MIBC [43];
volumetric ADC histogram analysis in differentiating MIBC from NMIBC [44]; the tumour-
wall interface, defined as the “curvilinear contact length between the tumour and the
bladder wall”, used as a quantitative indicator in adjunct to VIRADS, a qualitative indicator,
as independent predictors of muscle invasion [45].

9. Radiologist Learning Curve

Literature on the learning curve for VI-RADS is sparse, which reflects that it is yet to
become the standard for reporting radiologists. As with comparable scoring systems such
as PI-RADS, some authors suggest that VI-RADS could increase the performance of less
experienced readers [14]. Papers reporting on the learning curve in inexperienced trainees
suggest there is an early improvement in VI-RADS reader concordance, diagnostic accuracy,
confidence and the time taken to evaluate the images. However, after 50-100 cases the
initial improvement slows, which may represent a general improvement and experience
in the reading of bladder MRI [46]. There are a number of pitfalls to reporting bladder
MRI [47] and those experienced in bladder MRI are likely to use this knowledge to improve
their sensitivity and specificity [48]. Studies which analyse the performance using VI-RADS
of experienced readers of bladder MRI demonstrate that they achieve good sensitivity,
specificity and overall inter-reader concordance [18]. However, studies with greater num-
bers of patients show significant improvements in sensitivity. Separating the influence of
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the learning curve of VIRADS from exposure and familiarity with interpretation of bladder
mpMRI is a challenge. With further use of VI-RADS, additional investigations examining
the learning curve to achieving proficiency are also needed.

10. Future Perspectives of VI-RADS

The role of VI-RADS in the management of BC is still being extensively investigated. In
view of its versatility, the reporting system could potentially support disease management
at every disease stage. One major line of research is represented by the possibility of mpMRI
to revisit the role of extensive TURBT in clearly muscle-invasive BC [49], with preliminary
reports confirming the feasibility of such a strategy [20]. Patients with a VI-RADS score
5 disease might potentially avoid the morbidity of extensive primary resections in favour
of sampling-TURBT for histology [50]. Concurrently, VI-RADS have also shown high
concordance to conventional re-TURBT results in high-risk NMIBC, and a VI-RADS score
2 was identified as a clinical predictor of non-invasive disease at the second resection
while VI-RADS cut-off of 3 as a predictor of understaged MIBC at TURBT [51]. These
results hint at a possible practice-changing implementation of VI-RADS as a preoperative
stratification test in the management of a highly prevalent disease such as NMIBC, granting
a considerable reduction in patient morbidity and a reduction in treatment delay in patients
harbouring MIBC. Further refinement of mpMRI performance/quality and validation of
VI-RADS in this specific scenario has been advocated. MRI also appears to be promising
in detecting therapeutic response to chemotherapy or radiotherapy. Preliminary reports
have shown the feasibility of reporting vesical mpMRI in patients completing nac for MIBC
according to the nacVI-RADS scoring system. nacVI-RADS were successfully used to
assess radiological response to nac, the presence of residual disease and the infiltration
of the muscolaris propria in a pilot cohort of patients undergoing radical cystectomy [43].
DWI, and ADC value quantification was also used to predict tumour aggressiveness and
sensitivity of chemoradiotherapy, while DCE value quantification adequately supported the
detection of residual disease from post-nac effects [52-54]. Overall possible implementation
of diffusion- and contrast-based cut-off values in standardised mpMRI reporting systems
could further enhance the versatility of the tool in the setting of neoadjuvant chemotherapy.
However, prospective large-cohort studies are still needed to validate their clinical use
prior to neoadjuvant chemotherapy and selection of appropriate bladder-cancer treatment
strategies. Biparametric MRI carries the promising advantages of a contrast-free imaging
protocol, consisting in shorter image acquisition and the elimination of possible adverse
events related to the administration of intravenous contrast medium. Multivariate logistic
regression analysis showed that only T2w VI-RADS scores were independent predictors of
detrusor muscle invasion in a series of 57 patients receiving an mpMRI for BC, proving
that contrast medium may not be necessary for the local staging of BC [38]. Feng et al.
presented a diffusion-based fractional-order calculus diffusion model and combined it
to a simplified biparametric VI-RADS to achieve high diagnostic performance in MIBC
detection [55], providing further evidence that contrast-free MRI protocols may provide
comparable diagnostic accuracy to mpMRI for MIBC detection [40]. The prospective head-
to-head assessment of bp- vs. mpMRI in BC diagnostics may provide definitive answers on
the added value of intravenous contrast medium administration.

Despite VI-RADS score promises to be very useful in clinical practice, there are some
limitations at the present development state which should be considered. Primarily, VI-
RADS score was initially developed in untreated patients to differentiate NMIBC from
MIBC, hence its application in treated patients should be investigated further. VI-RADS
score does not include some radiologically independent predictors of muscle invasion, such
as number and location of the lesions or urethral infiltration. MRI currently does not allow
one to accurately diagnose carcinoma in situ, lymphovascular invasion, and variant cancer
histology. These factors are important in patient risk stratification and can currently be
diagnosed only through the pathological examination of resected cancerous tissue. More-
over, while MRI and VI-RADS score have been proposed for the surveillance and follow-up
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of patients with NMIBC, the economic implications and possible benefit for healthcare
spending of this change in practice remain to be assessed. Indeed, serial MRI acquisitions
may be associated with higher costs compared to standard-of-care outpatient diagnostic
cystoscopy. Moreover, repeated administration of intravenous contrast medium during
follow-up could be associated with side effects. Finally, the reliability and reproducibility of
this scoring system among non-specialized radiologists is yet to be accurately established.

11. Conclusions

The recently developed VI-RADS may potentially play a significant role in the staging
and management of BC as a non-invasive, comprehensive, and effective diagnostic tool
providing accurate information for the differentiation of NMIBC from MIBC. If adequately
validated in clinical practice, the inclusion of this scoring system may revolutionize the
management of BC, allowing precise and faster management with a possible positive effect
on prognosis. Several clinical trials investigating the different applications of VI-RADS are
ongoing and large-cohort prospective studies should be conducted to provide validation
and assess the scalability of the system.
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