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Abstract
Purpose of Review  This narrative review article aims to show the actual role of imaging, in particular MRI, and the role of 
VI-RADS Score, in recognition and follow-up of the tumor.
Recent Findings  A team of professionals created VI-RADS with the goal of standardizing the acquisition and interpretation 
of multiparametric-MRI in bladder cancer.
Summary  Bladder cancer is the most common cancer involving the urinary system. It is the fourth most common urological 
cancer in men and the second most frequent cancer affecting the urinary tract. Main risks factors are advanced age, male 
sex, and cigarette smoking. Bladder cancer ranges from unaggressive and usually non-invasive tumors that recur and com-
mit patients to long-term invasive surveillance, to aggressive and invasive tumors with high disease-specific mortality. At 
the time of diagnosis, 70% of patients are experiencing non-muscle-invasive bladder cancer. Vesical imaging-reporting and 
data system score (VI-RADS) is a scoring system useful to standardize the approach to multiparametric-MRI interpretation, 
and reporting for bladder cancer.

Keywords  Bladder cancer · Bladder imaging · Magnetic resonance imaging · Vesical imaging-reporting and data system 
score

Introduction

Bladder Anatomy

The bladder is a sub-peritoneal, hollow muscular organ that 
acts as a reservoir for urine. It is typically able to hold up to 

500 ml of urine. The distended bladder has a round or oval 
form with a peritoneum-covered dome.

Anatomically, the bladder, contiguous with the ureters 
above and the urethra below, is divided into four anatomical 
parts: the apex or dome, body, fundus, and neck.

The apex of the bladder is directed antero-superiorly; the 
bladder neck is positioned inferiorly.

The internal urethral orifice is located at the bladder neck, 
precisely at the inferior angle of the trigone. The ureters trav-
erse a short, oblique, intramuscular course before opening at 
the posterolateral angles of the trigone at the ureterovesical 
junction [1, 2].

The microscopic structure of the urinary bladder wall 
organizes into the following layers from inside out:

–	 Lining epithelium, the so-called urothelium, is made up 
of transitional cells. The urothelium is set exclusively in 
urinary structures (ureter, urinary bladder, and proximal 
urethra). In a relaxed urinary bladder, the urothelium is 
five to seven layers thick. When the urinary bladder fills 
with urine, the bladder wall stretches to accommodate 
the increased volume.
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–	 Lamina propria or submucosa, a subepithelial connec-
tive tissue, contains muscle fibers with variable dispo-
sition.

–	 Muscularis propria, or detrusor muscle, is a smooth mus-
cle composed of three layers (inner longitudinal, middle 
circular, and outer longitudinal).

–	 Serosa, a thin connective tissue layer, covers the bladder 
dome and is continuous with the peritoneal layer of the 
abdominal wall. It also contains blood vessels of different 
sizes.

–	 The adventitia, a layer of loose connective tissue, acts 
as the outer layer of the bladder in areas of the bladder 
where there is no serosa [3].

Bladder Cancer

Bladder Cancer is the most common cancer involving the 
urinary system.

More precisely, it represents the fourth cause of malig-
nant tumors in males (after prostate, lung, and colon), while 
in Europe, it is among the 5–10% of all types of cancer in 
men (3–4 times more common than in women). The average 
age of onset is between 65 and 70 years [4].

The main risk factor is cigarette smoking. Even if the 
association between smoking and bladder cancer is present, 
it is not as decisive as that between smoking and lung cancer 
[5].

Other risk factors include exposure to occupational car-
cinogens (such as β-naphthylamine, benzidine, and 4-amino-
biphenyl) in textile companies, in industries that produce 
rubber tires and paints; radiotherapy; schistosomiasis; 
chronic infections of the renal excretory tract (squamous 
cell carcinoma); and cyclophosphamide (mainly linked to 
urothelial carcinoma) [6].

From the histological point of view, 90% of bladder-
related carcinomas are of the urothelial type, meaning they 
arise from transitional cells. Squamous carcinomas affect 
6–8% of cases. Adenocarcinomas are rare and typically are 
neoplasms that develop from urachus residues.

In about 25% of urothelial carcinomas, there is a mixed 
histology, which includes neuroendocrine, small cell, micro-
papillary, sarcomatous, and plasmacytoid components. The 
prognosis of these variants is worse than that of pure urothe-
lial carcinoma [7].

From an anatomopathological point of view we 
distinguish

–	 grade 1, well differentiated,
–	 grade 2, moderately differentiated,
–	 grade 3, poorly differentiated.

Bladder cancer is morphologically classified into

–	 superficial or papillary form, non-muscle-invasive blad-
der cancer (NMIBC),

–	 non papillary form, muscle-invasive bladder cancer 
(MIBC).

The NMIBC form is more frequent (70–80%) [8]. In two 
thirds of cases, it occurs as a low-grade papillary form that 
originates from the hyperplastic epithelium and is limited 
to the mucosa and lamina propria. It has a good prognosis, 
despite its multicentricity and its possibility of recurrence 
after surgical removal (70% after 3 years). These are typical 
traits of this form, which can progress to a muscle-invasive 
form if untreated [9]. The superficial form is present in the 
remaining one-third of cases and is characterized by the 
presence of a flat, high-grade, malignant carcinoma in situ, 
which can rapidly invade the muscle plane and metastasize.

The MIBC form (20–30%) is typically characterized by 
a poor prognosis, due to the rapid infiltration of the differ-
ent layers of the bladder wall and outside the bladder [7]. 
These are frequent multifocal forms, and about 2–5% of 
patients with bladder cancer have a similar neoplasm in the 
remaining tracts of the excretory system in a synchronous 
or metachronous manner. The invasive forms spread by the 
lymph node, with initial involvement of the locoregional 
lymph nodes and, subsequently, of the common iliac, para-
caval and lumbo-aortic chain. Lung, bone, liver, and adrenal 
glands are most frequently affected by blood-borne metasta-
sis [10•]. Furthermore, these tumors high-frequently relapse, 
a condition that requires stringent post-therapeutic monitor-
ing process known as “urothelial surveillance.”

The onset symptom is the so-called “Painless Hematu-
ria,” both micro and macro hematuria, asymptomatic. This 
is typically terminal hematuria in 85% of patients, which can 
be clinically distinguished from prostatic hematuria (hema-
turia in the initial phase of urination, with subsequent clear-
ing of the urine) [11]. Late symptoms include pollakiuria, 
obstruction of regular urination, pelvic pain, and urinary 
tract infection. Concerning bladder tumor treatment, the 
NMIBC form is a cancer usually managed with transurethral 
resection bladder tumor (TURBT) and in some cases with 
intravesical therapy, such as the administration of Bacillus 
of Calmette–Guérin (BCG). Bladder function is preserved 
[5, 12••]. Radical cystectomy is typically used to treat MIBC 
forms. Neoadjuvant therapy, which uses new chemothera-
peutic and in particular immunotherapeutic drugs, opens up 
a new therapeutic frontier [4, 13, 14].

Bladder Cancer Staging

The staging system most often used for bladder can-
cer is the American Joint Committee on Cancer (AJCC) 
tumor–node–metastasis (TNM) system, summarized in 
Table 1. The last edition was the 8th, updated in 2017 [12••].
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The NMIBC form is sub-classified into

–	 TA, non-invasive papillary carcinoma.
–	 T1S, non-invasive carcinoma in situ.
–	 T1, invasion of the lamina propria.

The MIBC is sub-classified into

–	 T2A, with invasion of the superficial half of the detru-
sor.

–	 T2B, with invasion of the deep half of the detrusor.
–	 T3A, with microscopic invasion of the perivesical fat.
–	 T3B, with macroscopic invasion of the perivesical fat.
–	 T4, with extravesical diffusion, so with infiltration of the 

pelvic organs or the abdominal wall (Fig. 1).

T2B has a worse prognosis, due to a higher risk of lymph 
node metastases (30% T2B versus 14% T2A) and a reduced 
free survival after cystectomy. Radiological imaging cannot 
distinguish between the two entities; however, the therapeu-
tic strategy is the same for both T2A and T2B.

In addition to the type of bladder cancer, risk stratifica-
tion is influenced by the number and size of the lesions, the 
occurrence of the first relapse, the presence of concurrent 
carcinoma in situ, and the level of neoplasm [13].

Imaging

The role of imaging in the diagnosis and staging of bladder 
cancer is critical [14].

The initial diagnostic approach to the patient at risk 
includes clinical evaluation, urinalysis, ultrasonography, 
and cystoscopy. Through TUR (transurethral endoscopic 
resection), anatomopathological findings are obtained. These 
findings range from grade 1, well-differentiated forms, to 
grade 3, poorly differentiated forms [15]. TUR is also used 
to assess the degree of tumor depth in the bladder wall and 
the possible infiltration of the detrusor muscle, thus allow-
ing a differential diagnosis between a T1 and a T2, with a 
significant change in the therapeutic approach. Recent stud-
ies have shown that 40% of TUR results are false negatives 
because of tumor micro residues, which can lead to local 
recurrence and distant metastases. Modern imaging, which 
aims to both detect the neoplasm and to distinguish the 
NMIBC forms from the MIBC ones, is specifically inserted 
in this perspective [16].

Multiparametric Ultrasound

On ultrasound, the bladder wall is made up of three different 
layers: the hyperechoic outer serosa, the detrusor muscle 
with its medium homogeneous echogenicity, and the hyper-
echoic inner mucosa. The bladder content is anechoic [17].

Ultrasound has a high detection rate (90–95% of cases), 
in the presence of vegetative with dimensions greater than 
5 mm, located in the lateral and posterior walls of the blad-
der [18].

Table 1   The 8th edition of the TNM system, the most used for blad-
der cancer’s staging

T Primary tumor
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades subepithelial connective tissue layer
T2 Tumor invades:

T2A: superficial muscle
T2B: deep muscle

T3 Tumor invades perivesical tissue
T3A: microscopically
T3B: macroscopically (extravesical mass)

T4 Tumor invades the following:
T4A: prostatic stroma, seminal vesicles, uterus or vagina
T4B: pelvic wall or abdominal wall

N Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph nodes metastasis
N1 Metastasis in a single lymph node in the true pelvis, 

involving perivesical lymph nodes
N2 Metastasis in multiple regional lymph nodes in true pelvis
N3 Metastasis in common iliac lymph node(s)
M Distant metastasis
M0 No distant metastasis
M1 M1A: Non-regional lymph nodes only

M1B: Non-lymph-node distant metastasis

Fig. 1   On the right graphical representation of the different stages of 
bladder cancer, compared with a T2 MRI of the bladder on the left
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However, on US, infiltrative tumors may be not diagnosed 
or it may be difficult to differentiate them from non-neoplas-
tic lesions.

The main limit of ultrasound is its inability to detect 
small, flat, and plaque lesions, especially when they are 
located at the fundus, or when they are hidden by the pres-
ence of large prostatic adenomas. Even benign conditions, 
such as columnar hyperplasia or prostatic hypertrophy, can 
cause false positives and false negatives. Therefore, the 
lesion's location may represent an important obstacle to the 
detection of the lesion itself, leading to underdiagnosis [19].

The vascularization of the lesion on ultrasound is studied 
through echo-color-Doppler (ECD) and contrast-enhanced 
ultrasound (CEUS), useful to distinguish it from a possible 
clot.

With a higher frequency transrectal ultrasound (TRUS) in 
men, or with a vaginal probe in women, the bladder fundus 
as well as the distal and intramural part of the ureter can 
be seen during an endosonographically examination, with 
patient in lithotomy position. Transurethral ultrasound is 
probably the best method for determining the extent of a 
tumor’s invasion into the bladder wall and for differentiat-
ing superficial and deeply infiltrating tumors. Limiting the 
latter examination, compared to the classic US, is that it is 
an invasive technique [20].

CT‑Urography

CT-urography (CTU) is the most frequently used method in 
the diagnosis and staging of bladder cancer, due to its high 
availability and excellent cost–benefit ratio.

CTU may be performed with three different approaches: 
the single-bolus, the split-bolus, and the triple bolus.

The first, the single-bolus, is the most used. This tech-
nique requires an unique full-strength bolus of contrast 
medium and the acquisition of arterial, venous, and excre-
tory phase images.

In the split-bolus method, the total contrast material is 
divided into two administrations, while images are acquired 
in a combined excretory and nephrographic phase. In order 
to better highlight the renal/urothelial parenchyma, the exam 
is conducted in two phases: a non-contrast phase is followed 
by a single urothelial and excretory phase exam that is con-
ducted after providing a partial bolus, waiting for excretion, 
and then administering the remaining dose.

The triple bolus technique allows a combined acquisition 
of corticomedullary-nephrographic-excretory phase.

It is crucial to know that the split-bolus and triple-bolus 
procedures were created primarily to lower radiation expo-
sure by merging the several acquisition steps [21–23].

The essential limit is the inability to distinguish between 
non-muscle-invasive forms from invasive muscle forms 

(accuracy of about 91% in detection, but only 35–55% in 
local staging). In fact, the CTU does not permit determining 
the level of muscle wall infiltration and consequently to dif-
ferentiate the T1 stage from T2, or the T2A stage from T2B. 
On the contrary, CTU displays an accuracy between 83 and 
93% in the more advanced forms, with stage T3B and T4 and 
infiltration of perivesical fat [24••].

Concerning lymph nodes evaluation (N staging), CTU 
enables their morphology and size assessment. Regarding 
size, suspect occurs when pelvic and abdominal-retroperito-
neal lymph nodes have a short axis, respectively, greater than 
8 mm and 10 mm. About the morphological criterion, the 
presence of confluent lymph nodes or those with a necrotic 
center is considered a clear sign of lymph node metastasis.

The limit of the CT study of the lymph nodes is the 
potential over-staging, detected in about 30% of cases with 
reactive lymphadenopathies with a short axis greater than 
10 mm. Sub-staging is possible in case of lymph nodes with 
dimensions within the limits, but nevertheless the site of 
micro-metastases [25].

The evaluation of the urothelium of the upper excretory 
tracts plays a crucial role in the case of bladder carcinoma 
hematuria, in addition to its role to detect the extent of the 
disease's locoregional spread. In fact, in a percentage that 
varies between 2 and 5% of cases, patients with bladder can-
cer have a synchronous or metachronous tumor of the upper 
excretory tract, as well as 50% of patients with neoplasms 
originating from the urothelium of the upper tract, excretory 
presents bladder neoplasms.

Multiparametric‑MRI

According to the major European and American urological 
associations, TURBT is the cornerstone in the diagnosis and 
staging of bladder cancer. However, this is a procedure that 
has its own diagnostic inaccuracy, considering that the per-
sistence of the tumor is documented after resection of a T1 
neoplasm in 33–50% of cases, and T3 in 40% [8, 12••, 26].

Furthermore, about one-third of the neoplasms clinically 
confined to the organ show an extra bladder extension to the 
pathological anatomy after radical cystectomy.

For this reason, MRI is acquiring an increasingly impor-
tant role in the evaluation of bladder cancer as well, thanks 
to the development and implementation of modern equip-
ment which, with the insertion of functional sequences, 
have overcome the limit of CT in differentiating between 
non-muscle-invasive forms from invasive muscle forms [4, 
5, 27].

Due to its high multiparametric capacity, MRI is per-
formed to study the bladder wall, and to distinguish an 
invasive muscle tumor from a non-muscle-invasive tumor 
[28, 29].
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Additionally, MRI enables us to evaluate the response 
to neoadjuvant treatment, in order to identify complete 
responders and to have a correct therapeutic approach. It is 
an important consideration due to the increasing important 
role of immunotherapy today [30–32].

Some patients may not be eligible for MRIs due to pos-
sible safety issues with implanted metallic devices or foreign 
bodies. Low spatial resolution and signal-to-noise ratio of 
diffusion-weighted imaging limit its applicability for the 
assessment of small tumors or thin bladder wall with over-
distension and make it susceptible to numerous artifacts. 
Moreover, transurethral resection biopsy is required for 
tumor grading and cannot be replaced by MRI [33, 34].

Patient Preparation

In order to optimize the examination, a proper preparation 
of the patient is essential. Before performing the MRI exam, 
it is necessary that the bladder is moderately distended by 
instructing patients to urinate approximately 2 h before 
imaging, then start drinking 500–1000 ml of water half an 
hour before the exam depending on the ability of the patient 
to hold urine. Targeted scans using the localizer can be use-
ful before the exam to assess when the bladder is optimally 
full (about 300 ml).

Without adequate distension, the bladder wall may appear 
thickened, leading to a misdiagnosis of bladder cancer. 
Excessive distension can cause movement artifact due to 
patient discomfort or difficulty for the patient to hold urine 
during the course of the examination, it should in fact be 
considered that during the examination the volume of the 
bladder can increase by about 10%. In case of a history of 
urinary retention, the patient should follow a personalized 
hydration plan, while in case of insufficient repletion, the 
patient should drink again and postpone the examination 
for 30–60 min. A drug that helps relax the intestine and 
minimizes intestinal peristalsis can be useful in maximiz-
ing imaging yield by implementing the diagnostic capacity.

Multiparametric‑MRI Technique

In our institution, MRI of the bladder was performed supine 
with a 1.5 T MRI scanner (Optima 450, GE Healthcare), 
using a sixteen-inch pelvic coil channels and phased arrays. 
The first sequence to be acquired is a T1W Fast Spin Echo 
with Cartesian filling of the K space and a wide Field of 
View (FoV) which are used to evaluate the adequate fill-
ing of the bladder, the pelvic excavation, and the possible 
involvement of the main lymph node stations (FAST SPIN 
ECHO; TR/TE 400–500/10–20, slice thickness 5 mm and 
intersection gap 0.5 mm) acquired in the axial plane.

Subsequently, the T2W sequences with high resolu-
tion, narrow FoV, with radial filling of the K space are 

acquired which guarantee an excellent contrast resolution 
and a minimization of motion artifacts (PROPELLER; TR/TE 
5000–6000/90–120, slice thickness 3.5 mm and intersection 
gap 0.5 mm) on the three planes of the space (axial, sagittal 
or coronal) and without suppression of the adipose tissue 
signal.

The DWI sequence acquires in the axial plane with free 
breathing, inviting the patient to perform superficial breaths, 
with single-shot eco-planar spin sequence excited with water 
and suppressed of the adipose tissue signal (TR/TE 4000/78, 
slice thickness 3.5 mm, intersection gap of 0.5 mm and b 
values of 0–500–800–1000).

Then, a quantitative evaluation of diffusion is performed 
against the values of the apparent diffusion coefficient 
(ADC, mm2/s) which were automatically calculated by 
manually positioning the region of interest (ROI) within the 
most hypointense areas of the lesions.

Finally, the DCE-MRI was performed with the T1W 
three-dimensional gradient echo sequence (3D) with sup-
pression of the adipose tissue signal using the Dixon Three 
Point method (LAVA FLEX; TR/TE 4/1.7, partition of the 
volume 1.4 mm, duration of the single phase less than 10 s, 
25/30 phase after administration of the contrast medium).

At the end of the acquisition, perfusion maps with Wash 
in/Wash out and possible affixing of ROI on suspicious areas 
must be performed using a dedicated workstation to evaluate 
the vascularity and kinetics of the contrast medium.

All images should include the entire urinary bladder, 
proximal urethra, and prostate if the patient is a male. In 
females, the adjacent pelvic viscera (uterus, ovaries and 
vagina) should also be included.

VI‑RADS Score and Performance

Due to its spatial resolution, MRI cannot fully assess the 
stratification of the bladder wall. Particularly, the mucosa is 
identifiable as a hyperintense line only in the early phase of 
the DCE-MRI study. On the other hand, the detrusor muscle 
appears as a low-signal intensity line on T2WI, with inter-
mediate signal intensity in DWI and ADC map sequences, 
and late and progressive contrast enhancement in DCE-MRI 
[29]. The inner layer, composed of urothelium and lamina 
propria, is not seen using T2 and DWI, but it shows early 
contrast increase and appears as a hyperintense line in the 
arterial phase.

With a view to standardization in the acquisition and 
interpretation of MRI in bladder cancer, a group of experts 
in 2018 developed VI-RADS [17]. VI-RADS applies to 
patients who have never been treated (uVI-RADS) and to 
patients who have only had a diagnostic TURBT, before a 
re-TURBT (tVI-RADS) [11]. The score, with a range from 
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one to five, stratifies the risk related to the possible infiltra-
tion of the muscle wall.

Scores 1 and 2 are assigned to tumors with low probabil-
ity of infiltrating the detrusor muscle (Fig. 2).

Score 3 expresses a dubious category, similar to the PI-
RADS score in prostate cancer.

A score of 4 or 5 is assigned to tumors with a high prob-
ability of infiltrating the detrusor muscle [35] (Figs. 3, 4, 5).

According to the largest meta-analysis, considering VI-
RADS 3 as infiltration cut-off, the sensitivity is higher (92%) 
and the specificity (85%) is lower [21]. On the other hand, 
considering VI-RADS 4 as infiltration cut-off, the sensitiv-
ity is lowered (82%) and the specificity rises (95%) [8, 19].

In the VI-RADS score, as well as for PI-RADS, it is nec-
essary to consider the different information coming from the 
T2 sequences, from the DCE, and DWI and ADC. Therefore, 
each acquisition sequence generates a result for a bladder 
lesion that will be ranked from one to five. T2WI acquisition 
allows for the analysis of the structural category (SC), while 
DWI and ADC map are the support of the DW category, and 
DCE is the support of the CE category [36].

The initial evaluation is performed using T2WI to 
evaluate the integrity of the detrusor muscle and proceed 
with the SC ranging. In T2WI, the lesions present an 

intermediate SI, in contrast to the low signal of the muscle 
layer and the high signal of the urine. An uninterrupted 
low signal will be the distinctive of highly predictive cat-
egories 1 and 2 of NMIBC. Often around the vegetation, 
there is a sort of thickening of the wall below the vegeta-
tion, and adjacent to it. In these cases, a thickened and 
hyperintense line is seen in T2, demonstrating the presence 
of edema, which represents an inflammatory reaction due 
to the presence of a neoformation.

VI-RADS 1 is associated to the presence of the tumor, 
but with less than 1 cm in size. In this case, it will rarely 
be an invasive muscle form, especially if it has a vegetable 
form, rather than a sexile.

VI-RADS 2 is reserved for stalk with more than 1 cm in 
size, but without invasion of the muscle layer.

VI-RADS 3 is associated to an equivocal neoformation.
VI-RADS 4 is assigned when there is a decisive inva-

sion of the detrusor muscle, with interruption of the low 
SI of the muscular layer.

VI-RADS is 5 when beyond the characteristics of 4, 
there is also the extension at the level of the adipose tissue.

The same approach used for the determination of the 
lesion through T2WI is done for DWI/ADC and DCE 
images.

Fig. 2   Case of a VI-RADS 
overall score of 2, a pT1 urothe-
lial carcinoma confirmed on 
histopathology after TURBT. 
A T2WI (axial plane) showed 
an exophytic lesion on the 
right posterior bladder wall, 
more than 1 cm in size, with 
preserved low SI muscle (VI-
RADS 2). B DWI and C ADC 
map, respectively, demonstrated 
a limited diffusion exophytic 
lesion, with low-signal pedicle 
(SI) on DWI and muscular own 
with continuous low SI on DWI 
(VI-RADS 2). D DCE imaging 
showed early improvement 
of the lesion and inner layer, 
without early improvement of 
the proper musculature (VI-
RADS 2)
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On DWI/ADC, muscularis propria should present an 
intermediate SI, while the stalk and inner layer have low SI 
on DWI. For high scores, the tumor appears hyperintense 
on DWI and hypointense on the ADC map with extension 
to the muscularis propria.

On DCE, muscularis propria should maintain no 
enhancement in the early phase; it is recognizable as a 
low SI line under the tumor. Cancer and inner layers early 
enhancement are associated with a higher score (Fig. 6).

Following this, DWI/ADC and DCE categories help to 
further stratify the lesion, and the overall score of VI-
RADS can originate from different combinations of T2, 
DWI, and DCE categories. In case of a discrepancy of 
results between SC (T2 images) and functional sequences 
(DWI and DCE), these two sequences will prevail, both for 
downgrade and upgrade lesions [27] (Fig. 7).

The purposes of the VI-RADS Score are as follows: stand-
ardization of the acquisition protocol, improvement of image 
quality, greater ease in the description of findings, and reduc-
tion of interobserver variability [37]. The main advantage of 
VI-RADS, similarly to PI-RADS, is that it allows to standard-
ize the approach in both acquisition and reporting, with a good 
intrareader agreement (K range 0.7–0.93). Furthermore, it is 
widely accepted by the radiology community [27].

Multiparametric‑MRI After Neoadjuvant 
Therapy

An extremely recent topic concerns the use of MRI in post 
therapy control. Today, in fact, the real revolution in the 
treatment of bladder cancer is given by immunotherapy, 

Fig. 3   Case of a VI-RADS overall score of 4. A T2WI (axial, coro-
nal and sagittal plane) imaging showed a sessile mass of more than 
1  cm in size at the left bladder wall, with intermediate SI extend-
ing through the proper muscle (VI-RADS 4). B DWI and ADC 
maps showed a lesion with significant limited diffusion, extend-

ing through the own muscle. The low ADC value of approximately 
0.9 × 10−3 mm.2/s which denoted malignant nature (VI-RADS 4). C 
DCE imaging showed early and heterogeneous improvement of the 
lesion, extending through the own muscle (VI-RADS 4)



76	 Current Radiology Reports (2023) 11:69–80

1 3

which has an excellent response in patients with muscle-
invasive cancer [27].

In MIBC, to determine whether a lesion still exists after 
neoadjuvant therapy in MIBC, it is necessary to exam-
ine the T2, DWI, and DCE sequences on MRI. Then it is 
evaluated if there is a response to the therapy, which can 
be partial, complete, or absent [26].

The future goal will be to carry out surveillance in 
patients with partial or complete response, combining 
MRI and cystoscopy, without the need for bladder resec-
tion [27].

The use of the VI-RADS score is also proposed in the 
evaluation of the bladder cancer response to systemic ther-
apy [26].

Conclusion

MRI makes it possible to evaluate the invasion of the mus-
cular plane of the bladder. Taking advantage of this ability, 
the VI-RADS score was designed, an algorithm with the 
advantage of being performing, reproducible, non-inva-
sive and simple. All features that would make it easily 
applicable, only performing an MRI and evaluating T2WI, 
DWI, ADC, and DCE sequences. In addition to the initial 
stratification of bladder cancer risk by discriminating an 
NMIBC form from a MIBC form, the responses to post 
neoadjuvant therapies and bladder sparing approaches are 
other potential clinical applications of the score.

Fig. 4   Case of multifocal bladder tumors, with a VI-RADS overall 
score of 4. A The T2WI (axial and coronal plane) showed the most 
anterior tumor, which is an endophytic (intramural growth) tumor 
of the left lateral wall, with intermediate SI and with a clear exten-
sion in the proper low SI musculature (VI-RADS 4). B DWI showed 

the corresponding high SI and intramural growth (VI-RADS 4). C 
The low ADC value of about 0.8 × 10−3 mm.2/s indicated malignant 
nature (VI-RADS 4). D The DCE showed an early and heterogeneous 
enhancement of the lesion, which extends through the own muscle 
DCEI (VI-RADS category 4)
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Fig. 5   Case of a VI-RADS overall score of 5. A T2WI (axial, cor-
onal and sagittal plane) showed a sessile mass larger than 1  cm on 
the right lateral wall of the bladder dome, with an intermediate SI, 
extending through the proper muscle and invading the perivesi-
cal adipose tissue (VI-RADS 5). B DWI and C ADC map showed a 

significantly limited diffusion lesion extending through the muscula-
ris propria invading the perivesical adipose tissue (VI-RADS 5). D 
DCE showed an early and heterogeneous improvement of the lesion 
extending through the invading proper muscle the perivesical adipose 
tissue (VI-RADS 5)

Fig. 6   How to interpret MRI-
sequences to obtain the VI-
RADS overall score
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