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[ Abstract] Objective To verify by retrospective analysis the performance of applying dual-parametric (T2
weighted image [T2WI] and diffusion weighted image [DWI]) and multi-parametric (T2WI, DWI, and dynamic contrast
enhance [DCE]) evaluation systems of Vesical Imaging-Reporting and Data System (VI-RADS) in the magnetic resonance
imaging (MRI) diagnosis of bladder cancer. Methods The imaging and clinical data of bladder cancer patients who
underwent bladder MRI examination in the Department of Urology of our hospital between January 2020 and December
2021 were collected. A total of 215 bladder cancer patients, among whom there were 183 males and 32 females with an
average age of (67.60+11.42) years, were included. The bladder cancer diagnosis of all the cases was verified by pathology
analysis of tissue samples. Two radiologists, who were double-blinded, scored multiple sequences separately. Then, a
comparative analysis was made on the diagnostic performance of dual-parametric and multi-parametric VI-RADS
diagnostic scores. The diagnostic test with receiver operator characteristic (ROC) curves and Cohen's Kappa were used to
evaluate the diagnostic efficacy and consistency. Results The area under the curve (AUC) and 95% confidence interval
(CI) of the multi-parametric VI-RADS evaluation system by the two radiologists in the overall population were 0.878
(0.830-0.925) and 0.856 (0.805-0.907), while those for the bi-parametric VI-RADS evaluation system were 0.889 (0.844-
0.934) and 0.856 (0.805-0.907), showing no statistically significant difference. No significant difference was observed in
the subgroup analysis of patients who underwent transurethral resection of bladder tumor (TURBT). Furthermore, the
Kappa values for inter-rater agreement between of the two radiologists were 0.694 and 0.546 (with the VI-RADS score=3
defined as being positive) and 0.693 and 0.712 (with the VI-RADS score=4 defined as being positive) in multi-parametric
and bi-parametric evaluation, respectively (all P<0.001). Conclusion The bi-parametric VI-RADS scoring system can
achieve a diagnostic efficacy comparable to that of the multi-parametric scoring system, offering an alternative to patients

who are unable to undergo contrast-enhanced MRI due to allergic reaction to contrasts.
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JB% bt J82 (bladder cancer, BCA) & & UL+ K iE
Z—HAWIR R G I RE . R e AR A Hop kb2
T = 2 1% I BE L) 53 S WU IA) 4 28 1 J8% D6 98 (muuscle-
invasive bladder cancer, MIBC) 5 3E LRI {Z 28 V£ b5 It gz
(non-muscle-invasive bladder cancer, NMIBC)""!,
MIBCHINMIBCH{f Y7 7 2 B 349 22 A [, (A kg m]
SERIRTTZ WO 8 E G722 S M Pils 22 G EBE
T B T EHLETZ 94 (computed tomography, CT) )
CTIR % 44 (computed tomography urography, CTU)
JEBCAM FEZ ARG /39 T B, HREMITERY, 20K
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(magnetic resonance imaging, MRD) 3 R [ & &, MRIZE 5
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FFIE (receiver operator characteristic, ROC) I ZRFY I ZE T
T (area under the curve, AUC){H7E LT 55 H X
70.85"1,

VI-RADSHEh—JUR X4 fMRIBRHE, HATIA T2
HATARIRIH . Hrh Z — U 2 A 75 2 /E VI-RADSTY
A B2 58 (dynamic contrast enhance, DCE)$H
o BIITINN, FEFT2AL (T2 weighted image, T2WT)
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resection of bladder tumor, TURBT) f 8 2& (An — ik 4],
UH KL YIE 54 (RS I EEA AR LT e MR A, 500k
I IeE 8 5 1 I IO BE SRR B A AR 22 e, TR I 3208 X
P T T 15 e 4 S T i A A AT BRI A I 20 3 #
Z5 b, AR G0RE 38 2ok 0] BV A 5, A ) X RS V-
RADSITH R4 (T2WISDWIPE /A R ) R Z S HVI-
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#H R T RIS WIRLRE, WS EMRIFE 210
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JHE20204F1 H -20214F 12 H T3 B b iR AMEF R B bk
i HATH MR 2 1) SR 2 55 S RGOk, A
Frife: BE AT DEMRI S AG #5; MR #5 i LR R THE
THEARST B0 K MRIBSAR BT 8 A5 & VI-RADSIT 3 b ifE;
SEH ) B2 e . HERRARIE: J8 4T MRIK £
HIC 2 25 RGRIT (WRYT . AT BRI 5 ); 1
H ARG G ERLE R ICEE SR B MRIFIHAE BAIE; ™ 6 RS0
g, 0 TS RGN, (O LA PSS
1.2 MRIFERER S
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BHTIRBE3.0T MRISEAT B DI R ks r, A
HELR P S AR . 4 R EESHA T T2WIH 7 (G
EHE]5000 ms, PKIZATIE] 123 ms, J2/53.6 mm); TIWI4H
{3 (B BFE]512 ms, YRE A 13 ms, JZ)E3.6 mm);
DWI#h o (5 & i 6] 2 542 ms, YK & I} [a]461 ms, 25
3.6 mm, b{H0. 800. 1400 s/mm?); DCE(F & i[d]
4.5 ms, PREHTA]1.8 ms, Z/E2 mm), BARS LKL, XL
FE LT 7] (CELWERR A5 %20 mL : 9.38 g) o e Zenliff
Jo i HH— O 12 W 256 AL SR A U BRI HEA 074, R
593 IURIE, UG BT = 450 R G4

®1 SSHEMRIBHSH
Table 1 Multiparametric MRI protocol at 3.0T

Parameter T2WI TIWI DWI DCE-MRI
TR/ms 5000 512 2542 4.5
TE/ms 123 13 461 1.8
Flip angle/degree 111 111 - 15
FOV/cm 24 26 32 36
Matrix 256x384  224x320 128x128 192x256
Slice thickness/mm 3.6 3.6 3.6 2
Spacing/mm 1 1 1 -
Number of excitations 2 2 - 1

b value/(s/mm’) - - 0, 800, 1400 -

MRI: magnetic resonance imaging; TR: repetition time; TE: echo time;
FOV: field of view; T2WI: T2-weighted imaging; DWI: diffusion-weighted

imaging; DCE: dynamic contrast enhanced.
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PR LR PN e A SAT S RN s Y LN
FIHVET T F R R R G TR b, R AL TAEL 5 54E L T
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VI-RADS score method of mp-MRI

WATVESY) o I BRI ARG VI-RAD ST 43 45 3 XL
SZHMRISr & 2 S BMRIES, PEILEL . AR 75T
Srialbg 2>, T BN ohike, G ic 252 . VI-RADS
WSHEMRIT /I T2WIS DWIESH A 5 ; VI-IRADS £
ZHMRI A FET2WI, DWISDCEF/MA % .

| T2WI score 1 | T2WI score 2 | | T2WI score 3 | | T2WI score 4 | | T2WI score 5 |
DWI score 1 and DWI score 2 and DWI score 3 and/or DWI score 4 and/or DWI score 5 and/or
DCE score 1 DCE score 2 DCE score 3 DCE score 4 DCE score 5
VI-RADS VI-RADS VI-RADS VI-RADS VI-RADS
multiparametric multiparametric multiparametric multiparametric multiparametric
overall score 1 overall score 2 overall score 3 overall score 4 overall score 5

VI-RADS score method of bp-MRI

T2WI score 1 | | T2WTI score 2 | | T2WTI score 3 | | T2WI score 4 | | T2WI score 5 |
| DWI score 1 | | DWTI score 2 | | DWI score 3 | | DWTI score 4 | | DWI score 5 |
VI-RADS bi- VI-RADS bi- VI-RADS bi- VI-RADS bi- VI-RADS bi-

parameter score 1

parameter score 2

parameter score 3

parameter score 4

parameter score 5

1 ESHRNSHITHFETEE

Fig 1 Schematic diagram of the scoring method

VI-RADS: Vesical Imaging-Reporting and Data System; mp-MRI: multiparametric magnetic resonance imaging; bp-MRI: bi-parametric magnetic resonance

imaging; T2WI: T2-weighted imaging; DWI: diffusion-weighted imaging; DCE: dynamic contrast enhanced.
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BEL1EICFH o6tdl, L1719, V4404 (66.97+12.12) % ],
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22 WEHEZSHVI-RADSITES RS HIISHEERT
K FHHIROCHIZIHANTE S 4 5 2 24 VI-RADSI¥4>
RGEAEE DS T 2 WA, R B2 T 1PFA i) 2 A
KIAUCH 22 7 TG4 7 L, AUCHEIAF] 10.85;
BURRHE T2 P 2R X B AUCHY 22 |/ e ge i 22
X, AUCHHEIIA |l F H2370.85. HEWLER2, K2,
%2 ROCHIZITHWSHEZSHMVI-RADSITS RE7EFEREHR
HISHAE

Table 2 Using ROC curve to evaluate the performance of mp-MRI and
bp-MRI VI-RADS for diagnosing bladder cancer

AUC of radiologist 1 AUC of radiologist 2

Index (95% confidence interval) (95% confidence interval)
mp-MRI 0.878 (0.830-0.925) 0.856 (0.805-0.907)
bp-MRI 0.889 (0.844-0.934) 0.856 (0.805-0.907)

AUC: area under the curve; the other abbreviations are explained in the
note to Fig 1.
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B 2 A5 RHENMRI VI-RADSITS FIROCH £%
Fig 2 The ROC curve of overall MRI VI-RADS scores given by the two
radiologists
ROC: receiver operator characteristic; the other abbreviations are explained
in the note to Fig 1. mp-MRI1, bp-MRI1, mp-MRI2, and bp-MRI2 represent mp-
MRI and bp-MRI scores given by radiologist 1 and radiologist 2.

2.3 EWAVI-RADSIES EAR B HEEH ISR

A3 BB XA EE T VI-RADSTT 3 343 Medsr it 818
VBT P R B | RS R PHME TN R L e S A o
BE, A3 LI VI-RADSIT43345 R BT B, 3R Bs U
12 W 2 2 H0F 5 RO | R B2 L BIME RO, B
P TRV B 4 89.20% . 70.80% ., 73.39% . 87.91%F1
79.50%, WS HE/3N96.10%. 46.00% . 61.64%. 55.91%
H169.77%; 5 IR, BB 2 EUE 55 R : 2280
91.20%. 70.80%. 73.81%. 89.89%180.47%, N Z 4L
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Wr 2 SR o O BSURREE | RE SR L PRSI L S
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TR, AUCHIEYI R TF0.8. HAMFAHAUCE R
¥egeit i L,
2.5 F{IEIVI-RADSITES —E 4

P B T A 37 53 DU S R AN 5 BT 7R o A6z B VTl )
Kappa—EMER K+, LI VI-RADSTES> = 312 W[5 b I
I, ZBB B EVI-RADS P/ — P SE H Kappali
73 9°40.69450.546, LLVI-RADSPES> = 412 W 0 i 1D e
i}, 2250 K WS HVI-RADSTES 1 — 20 5L 1 Kappaft

&3 ERVI-RADSHAHITRNSH R ESHMRIFAER (n=215)
Table 3 The scores of VI-RADS according to mp-MRI and bp-MRI (n=215)

Radiologist 1 Radiologist 2
VI-RADS
Sens/% Spec/% PPV/%  NPV/%  Accuracy/% Sens/%  Spec/%  PPV/%  NPV/%  Accuracy/%
Mp-MRI overall score=3 89.20 70.80 73.39 87.91 79.50 91.20 70.80 73.81 89.89 80.47
Bp-MRI overall score=3 96.10 46.00 61.64 55.91 69.77 92.20 60.20 67.63 89.47 75.35
Mp-MRI overall score=4 86.30 77.00 77.19 86.14 81.40 81.40 77.00 76.15 82.08 79.07
Bp-MRI overall score=4 86.30 79.60 79.28 86.54 82.79 77.50 81.40 79.00 80.00 79.53

Sens: sensitivity; Spec: specificity; PPV: positive predictive value; NPV: negative predictive value; the other abbreviations are explained in the note to Fig 1.
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Table 4 Efficacy of VI-RADS score in the diagnosis of bladder cancer in four subgroups with bp-MRI and mp-MRI (ROC curve)
AUC (95% CI)
VI-RADS Patient without Patient underwent TURBT Patient underwent TURBT Patient underwent TURBT

TURBT (n=82)

within a year (n=99)

within half a year (n=80)

within 3 months (n=59)

Mp-MRI of radiologist 1

Bp-MRI of radiologist 1

Mp-MRI of radiologist 2

Bp-MRI of radiologist 2

0.885 (0.796-0.945)
0.879 (0.788-0.941)
0.858 (0.763-0.925)
0.848 (0.752-0.918)

0.849 (0.770-0.927)
0.868 (0.793-0.943)
0.840 (0.755-0.926)

0.854 (0.775-0.934)

0.850 (0.764-0.937)
0.868 (0.785-0.951)
0.868 (0.782-0.954)

0.868 (0.782-0.953)

0.835 (0.728-0.941)
0.851 (0.748-0.954)
0.826 (0.714-0.938)

0.838 (0.729-0.947)

P

>0.05

>0.05

>0.05

>0.05

TURBT: transurethral resection of bladder tumor; AUC: area under the curve; CI: confidence interval; the other abbreviations are explained in the note to

Fig 1.
*®5 FAEMEVI-RADSITS LR
Table 5 The VI-RADS scores given by 2 radiologists
Radiologist 1
VI-RADS =3 defined as positive VI-RADS =4 defined as positive
Mp-MRI VI-RADS score Bp-MRI VI-RADS score Mp-MRI VI-RADS score Bp-MRI VI-RADS score

+ - + - + - + -

Radiologist 2 + 109 17 128 11 95 14 90 10

- 15 74 31 45 19 87 21 94

All abbreviations are explained in the note to Table 2.
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