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Urothelial Carcinoma
of the Bladder:
Radiologic Perspective
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Bladder cancer is a relatively common cancer type, with a high recurrence rate, that can be of-
ten encountered in the imaging study. Accurate diagnosis and staging have a significant impact
on determining treatment and evaluating prognosis. Bladder cancer has been evaluated by
transurethral resection of bladder tumor for clinical staging and treatment, but it is often un-
derstaged when compared with final pathologic result by radical cystectomy. If the location,
size, presence of muscle invasion, lymph node metastasis, distant metastasis, and presence of
upper urinary tract cancer can be accurately diagnosed and evaluated in an imaging study, it
can be treated and managed more appropriately. For an accurate diagnosis, radiologists who
evaluate the images must be aware of the characteristics of bladder cancer as well as its types,
imaging techniques, and limitations of imaging studies. Recent developments in MRI with func-
tional imaging have improved the quality of bladder imaging and the evaluation of cancer. In
addition, the Vesical Imaging Reporting and Data System was published to objectively assess
the possibility for muscle invasion of cancer. Radiologists need to know the types of bladder
cancer treatment and how to evaluate the changes after treatment. In this article, the charac-
teristics of bladder urothelial carcinoma, various imaging studies, and findings are reviewed.

Index terms Urinary Bladder Neoplasm; Ultrasonography; Computed Tomography, X-Ray;
Magnetic Resonance Imaging
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Fig. 1. A 68-year-old male with non-
muscle invasive urothelial carcinoma
of the bladder.

A gray-scale ultrasound image shows
a polypoid mass (arrow) at the right
anterolateral wall of the bladder.

Fig. 2. A 72-year-old male with mus-
cle-invasive urothelial carcinoma of
the bladder.

Gray-scale ultrasound image shows a
sessile infiltrative mass (arrow) at the
left posterolateral wall of the bladder.

Fig. 3. A67-year-old male with multiple urothelial carcinomas of the bladder.

A. Gray-scale ultrasound image shows three irregular polypoid masses (arrows) at the posterior wall of the
bladder.

B. Color Doppler ultrasound image shows internal vascular signal within bladder masses.

/

1036 jksronline.org



CHetH Aot x| 2021;82(5):1033-1052

EH15‘|_|-O<=)|)\O|-Q|T5;I|'E|X|

Fig. 4. Bladder hematoma in a 77-year-old female with gross hematuria.

A. Gray-scale ultrasound image shows an irregular mass-like lesion (arrow) at the right posterior wall of the
bladder.

B. The mass-like lesion (arrow) changes its position to the lateral wall of the bladder with a change in the
patient’s posture from supine to lateral decubitus position.
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Table 1. Protocols for CTU

Technique Scan Protocol

.Non-enhanced phase

. Inject intravenous contrast agent as a single bolus

.Nephrographic phase (90-100 sec after bolus)

. Excretory phase (5-15 min after bolus)

.Non-enhanced phase

. Inject first bolus (half dose) of intravenous contrast agent

. Inject second bolus (half dose) of intravenous contrast agent
(5-15-min after the first injection)

4. Combined nephrographic and excretory phase (90-100 sec after
the second bolus)

.Non-enhanced phase

. Inject intravenous contrast agent as a single bolus

Portal venous phase of the pelvis (60 sec after bolus)

.Nephrographic phase of the kidney (90-100 sec after bolus)

. Delayed excretory phase (approximately 30-40 min after bolus)

Three-phase, conventional CTU

w NN B D wWwN =

Two-phase, split bolus CTU

Three-phase + bladder surveillance

(S, T NI U NS

CTU =CT urography

= 910, 12).
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Fig. 5. A 63-year-old male with non-
muscle invasive urothelial carcinoma
of the bladder.

Axial contrast enhanced CT image
shows a polypoid mass with good en-
hancement (arrow) at the right pos-
terolateral wall of the bladder.

Fig. 6. A 68-year-old male with non-
muscle invasive urothelial carcinoma
of the bladder.

Axial delayed phase CT image shows
a polypoid mass (arrow), shown as a
filling defect of contrast.

Fig. 7. A 72-year-old male with mus- |
cle invasive urothelial carcinoma of
the bladder.

Axial contrast enhanced CT image
shows a sessile infiltrative mass (ar-
row) and perivesical nodular exten-
sion at the left posterolateral wall of
the bladder.
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Table 2. Vesical Imaging Reporting and Data System

MRI Scoring Category

Assessment for T2WI
Uninterrupted low Sl line representing the integrity of muscularis propria
1 Lesion<1lcm
Exophytic tumor with or without stalk and/or thickened inner layer
Uninterrupted low SI line representing the integrity of muscularis propria
) Lesion>1cm

Exophytic tumor with stalk and/or high SI thickened inner layer, when present
Sessile/broad-based tumor with high Sl thickened inner layer, when present
Lack of category 2 findings with no clear disruption of low Sl line

3 Exophytic tumor without stalk

Sessile/broad-based tumor without high Sl thickened inner layer

Interruption of low Sl line suggesting an extension of the intermediate SI tumor

4 tissue to muscularis propria
5 Extension of intermediate SI tumor to extravesical fat, representing the invasion
of the entire bladder wall and extravesical tissues
Assessment for DCE
1 No early enhancement of the muscularis propria
5 No early enhancement of muscularis propria with the early enhancement of inner
layer
3 Lack of category 2 findings with no clear disruption of low SI muscularis propria
4 Tumor early enhancement extends focally to muscularis propria
5 Tumor early enhancement extends to the entire bladder wall and extravesical fat
Assessment for DWI/ADC
1 Muscularis propria with intermediate continuous SI on DWI

Lesion <1 cm, with or without stalk and/or low Sl thickened inner layer on DWI
Muscularis propria with continuous intermediate SI on DWI

2 Lesion > 1 cm, with low Sl stalk and/or low Sl thickened inner layer on DWI
Broad-based/sessile tumor with low Sl thickened inner layer on DWI

3 Lack of category 2 findings but with no clear disruption of low SI muscularis propria

4 High SI tumor on DWI and low Sl tumor on ADC extending focally to muscularis
propria

5 High SI tumor on DWI and low SI tumor on ADC extending to the entire bladder wall

and extravesical fat
Adapted from Panebianco et al. Eur Urol 2018;74:294-306 (17).
ADC = apparent diffusion coefficient, DCE = dynamic contrast enhanced image, DWI = diffusion weighted
image, Sl =signal intensity, T2WI = T2 weighted image

o] whet 281 7HsAS H7ishe AlAE]olth(Table 3): VI-RADS 1 (muscle invasion
highly unlikely) (Fig. 8), VI-RADS 2 (muscle invasion unlikely to be present) (Fig. 9), VI-RADS 3
(muscle invasion is equivocal) (Fig. 10), VI-RADS 4 (muscle invasion likely) (Fig. 11), VI-RADS 5
(invasion of muscle and beyond the bladder is very likely) (Fig. 12). Pecoraro 5-(14)2] -+l
9J5HA VI-RADSE 0.73-0.92 {1k A2, 7696-95% R, 77%-91% E0| =5 BT
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Table 3. Assessment of Vesical Imaging Reporting and Data System Final Score

T2 Weighted Image DCE/DWI Final Score

1 land1 1

2 2and2 2

2and2 2

3 3and/or3 3
4and/or4 4

4 4and/or4 4
5and/or5 5

s 4and/or4 4
5and/or5 5

Adapted from Panebianco et al. Eur Urol 2018;74:294-306 (17).
DCE = dynamic contrast enhanced image, DWI = diffusion weighted image

Fig. 8. Vesical Imaging Reporting and Data System 1 in a 64-year-old male with non-muscle invasive urothe-
lial carcinoma of the bladder.

A. Axial T2-weighted MR image shows an 8 mm sized mass with intermediate signal intensity (arrow) at the
anterior wall of the bladder.

B. Dynamic contrast enhanced image shows early enhancement of the lesion (arrow), without early en-
hancement of the stalk (arrowhead) and muscularis propria.

C, D. Diffusion weighted image of a mass with b-value = 1000 (C) and apparent diffusion coefficient map (D)
show a mass lesion with diffusion restriction. The stalk (arrowheads) and muscularis propria show low and
intermediate signal intensity without diffusion restriction, respectively.
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Fig. 9. Vesical Imaging Reporting and Data System 2 in a 75-year-old female with non-muscle invasive uro-
thelial carcinoma of the bladder and cervical cancer.

A. Axial T2-weighted MR image shows a large mass (> 1 cm) with intermediate signal intensity with a large
stalk (arrow) at the bladder base. The inner layer is thickened with high signal intensity (arrowhead).

B. Dynamic contrast enhanced image shows early enhancement of the mass and the inner layer (arrow-
head), without early enhancement of the stalk center (arrow) and muscularis propria.

C, D. Diffusion weighted image with b-value = 1000 (C) and apparent diffusion coefficient map (D) shows a
large mass with diffusion restriction. The stalk (arrows) and muscularis propria show low and intermediate
signal intensity without diffusion restriction, respectively.

https://doi.org/10.3348/jksr.2021.0112 1043
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Fig. 10. Vesical Imaging Reporting and Data System 3 in a 68-year-old female with non-muscle invasive uro-
thelial carcinoma of the bladder.

A. Axial T2-weighted MR image shows an irregular sessile broad-based mass (arrow) with no clear disrup-
tion of low signal intensity muscularis propria at the bladder neck.

B. Dynamic contrast enhanced image shows early enhancement of the lesion (arrow), without early en-
hancement of the muscularis propria.

C, D. Diffusion weighted image with b-value = 1000 (C) and apparent diffusion coefficient map (D) shows a
mass (arrows) with diffusion restriction. The muscularis propria shows no clear disruption of intermediate
signal intensity but is equivocal for muscle invasion.

E%%Ol ﬁé‘él Eé}ﬂ@i AA] AL, NMIBCE Ty &l = 1154
2 73U @A ArtollA 253 o] QA ATk TUR-BTE AR
= UTH(5). A TUR-BT ©]&o]] &% (residual tumor)o] &51H A& 589%0] A9t TUR-B

E ] §F 9= AdEo] 1602 ZAFTH?2S5, 26). TUR-BT 3 gemcitabine, mitomycing ©]
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Fig. 11. Vesical Imaging Reporting and Data System 4 in a 69-year-old male with muscle invasive urothelial
carcinoma of the bladder.

A. Axial T2-weighted MR image shows a mass with intermediate signal intensity with interruption of low sig-
nal intensity muscularis propria (arrow) at the left lateral wall of the bladder.

B. Dynamic contrast enhanced image shows early enhancement of a mass extending focally to muscularis
propria (arrow).

C, D. Diffusion weighted image with b-value = 1000 (C) and apparent diffusion coefficient map (D) show re-
stricted diffusion of a mass extending focally to muscularis propria (arrows).

MIBC-= cisplating et Al HA8lst o R (neoadjuvant chemoﬂlerapy) o] % ZA|RGEA
% (radical cystectomy)t HEHA&0] HEXTRRIo|TH 1 Qo= BEREA|E WA Z]
g, stsPgAPd 2] & (chemoradition), T 24154 (immune checkpoint inhibitor) & 2 &5t
+ MX g 5 o3t x| 58 o] 3 ARGt MIBCEH= 2HAEE 445 A=iste] TUR-BT,
AR, FAX B E A AFSShe e g EEES & 4= QT
H]=0]8hr} oJARSo] &l 4lo] k= Zlo] TUR-BT ¥ &2 x| & Sof 2hEget #-7

o
7tolct. FA|RFTUR-BT $of] 2kE<to] gloje %E I3l ®pgH o] vj% Aol U, j

rr

%
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Fig. 12. Vesical Imaging Reporting and Data System 5 in a 65-year-old male with muscle invasive urothelial
carcinoma of the bladder.

A. Axial T2-weighted MR image shows a mass with irregular infiltrative intermediate signal intensity with ex-
tension to the muscularis propria and perivesical fat (arrow) at the posterior wall of the bladder and bladder
base.

B. Dynamic contrast enhanced image shows early enhancement of a large mass with irregular outer border
(arrow).

C, D. Diffusion weighted image with b-value = 1000 (C) and apparent diffusion coefficient map (D) show re-
stricted diffusion of a large mass extending to the entire bladder wall and perivesical fat (arrows).
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Fig. 13. A 67-year-old male after in
travesical BCG therapy for urothelial
carcinoma of the bladder.
Axial contrast enhanced CT image
shows diffuse thickening of the blad-

der wall with diffuse urothelial en-
hancement. The patient received in-

travesical BCG within five days
BCG = Bacillus Calmette-Guérin

Fig. 14. A 70-year-old male after in
travesical chemotherapy for urothe-
lial carcinoma of the bladder.
Non-contrast CT image shows multi-
ple nodular calcifications at the an-
terior and posterior walls of the blad-
der. The patient received intravesical

T DWIE 57% RIZHE, 92% S0, 80% eSS BoiFtH(17). 12iA X8 & Hoket oL
H, SFePRART A
of| = 44

a5
of| DWI/ADC map<

chemotherapy within three weeks

25k s DWIE AR8liof ghek(27). Al = Ad5)sh
A .
Holl F7]= A3EL ok 25 35 5
A 4= QUTH(Fig. 14).
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Fig. 15. A 72-year-old male with pros-
| tate-specific antigen elevation.

The transrectal ultrasound image
shows multiple hypoechoic masses
(arrows) in the prostate gland. The
patient received intravesical Bacillus
Calmette-Guérin before one year. Tu-
berculous prostatitis was proven af-
ter a transrectal prostate biopsy.

2]9F& (carcinoma in situ), ZropAl = AEHE e 1539k P xd & (lymphovascular inva-
sion), A@A 2% ¥ Woly We]|ZZ|(variant histology), BCG &0 %2 A& HES 50|
Aol A wEL wf A AT EE F Farstolof ghr(29).

A AA S At Q2% Wi o 2 1%k vh(ileal conduit)S ©]-8st A
8 2% (incontinent urinary diversion)d} Q18 g (artificial bladder) ©]-8-3F H]AFF
QEAgkEo] QT T o R AMRE, |, 5, F3, 2 T8 7 5ol AE 4
O F/ollx 2 Eelsfiof att. 24 G4 HAlIA R =ol| AlEA| Wchs L 24wl

A

o, A Ho|, ok 47 |Ho] S & Eelsjof 7k,

5

O:

0| =2}15e] 18] (American Joint Committee on Cancer; AJCC) & B 7|43 %
Bgere] dxd yr1a7ol A7) 71208 AR EA] ket BlA] Hol7t Q)
P HEAZTUE 2T 5 917 whizol F/deE Xdkehs o SHAIZF Qlok. AT 7Y 2
Aoz A YIohs e 27]oH, @5 o] 8-10 mm FEE 7o & Al FI7HE 38%
£0]k= 929 J=o|TH30). B EFIFP Hit= ffo] o] 7hs/do] =i, B4t
E A}, FEuR 2 Rk2(fatty hilum) A4 = ER1Hof SHok(Fig. 16). -2 b-value®] DWIE
o] 83t MRIOIA] T 7|4 B YRS o8-8t Xt ot Xtk Aot r} 24 o A|9k(Fig. 17) Bl
BE7} o|3ds] WobA] & 2 I A whehol] T2 F] %] gh=Tk(3, 31).

T2 8710l A 30% A=, T3 o)A+ 7)ol 60% HZol| A ZA Ho)7} 9lojA] MIBCE 4&8

3¢ dod AAlex HEdo] AlRISHTH(3)).

oL
=2
I
e
[o'e]
el
)
rr

rr
)
rlo
o
I=]
i)
1c)

¢]

o
o O
)
o

>

iy

HAZ ol = G Ao A &Rl 4= Qlrt. Rajesh 5(32)2] IS E Aol o]5hH
=l 32to] 60404 YAH0]7F Holtr)] tjiE SEub) g md Ho g1 MIBCY ¢iato] 9
OUNMIBC &2k Igleh 21 ¢f 9, 7H w2 ol & & 4 Qlrt.
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Fig. 16. A 69-year-old male with mus-
cle invasive urothelial carcinoma of
the bladder.

Axial contrast enhanced CT image
shows a 6 mm sized external iliac
lymph node with an ill-defined mar-
gin and irregular shape (arrow). The |
metastatic lymph node was confirmed
after surgery.

Fig. 17. AT2-year-old male with muscle invasive urothelial carcinoma of the bladder.

A. Axial T2-weighted MR image shows a 9-mm obturator lymph node with a round shape (arrow). The metastatic lymph node was confirmed
after surgery.

B, C. An enlarged lymph node shows restricted diffusion (arrows) on diffusion weighted image with b-value = 1000 (B) and apparent diffusion
coefficient map (C).
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