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A pilot study on application of readout partial fourier technique in RESOLVE-IVIM imaging of nasopha-
ryngeal carcinoma CHEN Hao, HE Yao-yao, CHEN Tiao, et al. Department of Radiology, Hubei
Cancer Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan
430079 ,China

[Abstract] Objective: To explore the affection of readout partial fourier (RPF) technique on
RESOLVE-IVIM imaging of nasopharyngeal carcinoma (NPC).Methods: A total of 38 NPC patients
confirmed by pathology were collected and underwent conventional magnetic resonance sequence be-
fore treatment. According to the application of 6/8 RPF in RESOLVE-IVIM or not, these patients
were divided into group A (with 6/8 RPF) and group B (without RPF).After post-processing, some
parameters derived from RESOLVE-IVIM sequence were obtained,including apparent diffusion coeffi-
cient (ADC),true diffusion coefficient (D) ,perfusion-related diffusion coefficient (D" ) and perfusion
fraction (f),and compared by the Bland-Altman analysis. The SNR and CNR were calculated by the
mean and standard deviation (SD) of the tumor,the lateral muscles and the background at the largest
level of the tumor,and compared by non-parametric t-test. The RESOLVE-IVIM images quality were
blindly evaluated by two imaging physicians and the scores were assessed by weighted Kappa test.
Results: Bland-Altman analysis showed that the average difference, SD,and 95% LOA of ADC were
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5.70%,10.88% ,and —15.62%~27.03% ;the average difference,SD,and 95% LOA of { were 5.08%,
35.14% ,and —63.80% ~73.96 % ; the difference average,SD,95% LOA of D were 7.64%,20.15%,
and —31.85% ~47.13% ; the average difference, SD,and 95% LOA of the D* were 0.79%,30.36%,
and —58.72%~60.30% ,respectively. There was no significant difference in the average SNR and CNR
values between groups (P =0.46 and P =0.18,respectively),but the average SNR and CNR values of
group B (252.9£77.7 and 5.942.8) were higher than those of group A ( 247.3485.5,5.442.3).

There was no significant difference in image clarity, distortion, artifacts, focus obviousness and total

score between groups (P>>0.05).Conclusion:6/8 RPF technology not only shortens the scanning time

of RESOLVE-IVIM sequence, but also maintain the stability for the derived parameters and the image

quality.
[Key words]

nique; Intravoxel incoherent motion

£/ 9 (nasopharyngeal carcinoma, NPC) &2
UL Sk B90E S i R 2 — A TR ] R R I BE T R
SRk 3.26/10 T3 R 1.77/10 T3, & F A SOF oK
SR R ZFE N R A T 32 ) (intravoxel incoherent mo-
tion, IVIM) B S Wt ik 988 P 7K 3 ¥ 32 3l 1) 000 B 3 3
5> RN HGE Bl 43 o T T S 8 M 2 T
RO Bl R 43 10 45 (BB 5 0 TVIM P 51 £ 2
I T RUR B & T L BR A8 Y %1 (single-shot echo-
planar-imaging . ss-EPD W44 , 2 W T & 2245 M 0 5
7 A U AR R R AR AN B TVIM S St
2 R0 AN HE B Pk 5 T 43 B O T ] IR B R
(readout segmentation of long variable echo-trains,
RESOLVE)J&—fft K 25 8] % H J7 1) _E 7> BERAEAR 5
() BAGR A 38 3 43 0 4 1 Tl 96 [ B, DT 920 1 &
PR PhSE B A e T b 3R T L, 0 A R T
RESOLVE [ 341k ) HE 85 8 A o MR 350 45 450 52 2% 0
{37 (BT #2700, SRR RESOLVE #7 78 43 BOR 4R %
BRG] G 0 Ay B 4505 T 2 1) 5 40 S
(readout partial fourier, RPF) 4 R &1 o i /> K =5
[ 352 5 5 1] 118 SR B 23 SR 44 R LA B TR0 W kb b R
B 5 {0 RPF $. R X% RESOLVE-TVIM JF 41 4 5% Wil i
AR WA TR IE o P I AS BIF 50 4 11 B P 4R RPF 4R X
LI RESOLVE-TVIM JF 51 AR I ] | 2 2 50
PG 5T 2 1 520

RS

1L— 7R

WA B 2018 4F 3 A —2019 4F 12 A W6 & &
BRI ) 50 24 B E . A ARRUE . D4 BEIESE N B
W 98 5 @ 0 L Ath Jie g7 50 18 1 G IR E s @ BB R B2
FATIETT s @ RFTHEAT T MRI K4, 045 RESOLVE-
IVIM 51, HEBRArE . © B Lt 47 T B XRE 16 9T 5
QB HAH MRI 2 248 ; OIVIM JFF R A Qi T

Nasopharyngeal neoplasms; Magnetic resonance imaging; Partial fourier tech-

BN R IE st S B B TR 22 . e AR
AT R 38 M, o 55 25 B, A 13 Bl AR 27 ~
71 % F¥ 53 %, MRS\ AJCC i dE 4330 T
g A 119 3 49, T3 16 i, IV 399 19 6], AR BE
PERFFR O RS TR BER B2 I ikl In A R E B &
BRI E .

2. AUEEH

R E Siemens MAGNETOM Skyra 3.0T #8
T MRI SAR AL, 20 38 38 Sk LB . 17 P I 45
RO T, WL @R A T, WLl FE g T, WL
H# RPF(RPF=6/8) Ml A4 RPF iy RESOLVE-IVIM
FE 5] 44 g il 57 RS bR 7 R R T, WL /& XA RPF #Y)
RESOLVE-IVIM Kl 4 & A 41, K4 RPF i RE-
SOLVE-IVIM K 1% % B 21, RESOLVE-IVIM J¥ %1
SR T b {445 0.10,20,40,80, 150,200,400,
800 s/mm?*, = 1EAR K 1, TR 3960 ms, TE1 68 ms,
TE2 98 ms. )28 4 mm. JZ 0 FF 10%. HFF 134 X
134 LB (FOV) =258 mm X 246 mm., P41 B9 49 3 it
] 43530 A 6 434 8 BB (A 41 &N 10 43%P 6 BH(B 41,

3. &5 Bt

M2l RESOLVE-IVIM 1% J5 4k 2 #E MR Body
Diffusion Toolbox ( Siemens Healthcare, Erlangen,
Germany) K {F L7 (B 1.2), i — & HA 5 F#%
W2 I 0 B B AE A RPF H b=2800 s/mm’
1 RESOLVE-IVIM [ | ) i fif g3 fie K2 0 & B R M
JZ 3t = A4S % X (region of interest, ROI) , /&) [l %
RS2 H BT B 3 i R W] 58 22 1 B o iR LIk
43 o [vi) B RS 3 AE L L VR BB B S i T A R
IR 4y (B 1), JF i o5 — & BT 10 4R 12 Wi &
50 0O BE O A A . SRS R A 2 (D) R (2) T
IVIM E &S5 #IY 8 R 8 (apparent diffusion co-
efficient, ADC) , BELSZ " # &R #X (pure molecular diffu-
sion, D) , E A L ¥ B & X (perfusion-relateddiffu-



826 TS AR 2022 4E 7 AKE 37 %% 7 Radiol Practice, Jul 2022, Vol 37,No.7

1 AR BEEFALAHETH, R4 RPF #9 RESOLVE-IVIM B, %.52 %, % 23 A K

R B e

A, T3NSMO, 16 A5 AN B, a)b=800s/mm* # DWIH ;b)D B;0)D* B;Df B;e)ADC B,
2 RPF=6/8 # RESOLVE-IVIM B4, a)b=2800s/mm’ # DWI B;b)D BH;c)D" B;d)f B;e) ADC
B, % PR G ML R R RA A, AR R S A,

sion, D™ ) MIHE I 438 (perfusion fraction, ),
S,/Se = fXe P4 (1—f) Xe PP D
SI)/SO = ¢ (bXADC) 2)

Hop b AP BONBLE F .S, A b {8 BT X R A1 5
PRIE,S, N b=0s/mm’ B FESHRE., B AR—
Wl RPF By IVIM EIHMR R A ) ik =4~ ROT, it
BHE R SH =4 RO IS 800 0 JE4 T 056 45 H

4. R BT & AN

L VA5 T DAY« SR PRI 6 P g e oA 22 1T e 9
X FEL PN L T S5 195 5 5% B (signal intensity , SD Al
FRifEf 22 (standard deviation, SD) , I & Il &2 = IR HL
SEHIE (Mean) » i3 (3) L (4) FIF 7R - 118015 e 1L At
I P L T W 4H RESOLVE-TVIM &4 i &

3

CNR— e Shea | o)
SDi 5 + SDiju s
LA STy STy 23 301 AR 3R e 98 00 00 38 Py JUL A
%ﬁjﬁﬁﬁﬁ » SDjs « SDyy il SDg 3 53 AR R
Xt O 3 PAY LR T S5 14 1 49 s o i 25
WL BT A T Y < H P 44 R [ 4R B (5 AR 10
AR U2 W BT XS A LB P 4 R T SR T BUE I 4y
IEBEATAT 70 o V0 o B A5 TR 0 A 2 L 2k L DR
o Kk B BE PO A . o 1 2 RR EHR IR Dl AR
Z I L B A 5 2 R oR AR A B2
I HE R AHREX 3t — 28 At 5 3 2r Ros R

AV MR AR L B ] DL X A ks 4 2 Fom |
AW, TR I, AR TR How kk s R AT .

5 it b

X F Graph Pad Prism v5.0 4%} AB Pi4H =4
ROI i 8 72 & Z 80 (D. D" . Al ADC) i#f 47 45X £
Bland-Altman 43 #7, }l T PP 4k P 41 2 8016 W7 RPF M
At RPF Z [8] ) —FU: , i X Mean=£1.96SD 24 95 %
— F MR (limits of agreement, LOA)., X H SPSS
22.0 ¥ A4 Kolmogorov-Smirnova % 4 SNR |
CNR F1 == 0 FEAZ 5T £ 7 43 R RG22k B Ph 5%
A kb B ) 2 T A A IE 2S00 A A A A 1E 25 40 A5
fii ] Wilcoxon #6560 PFAl HAF- Y (E /9 22 5+, H P<C0.05
I 22 58 GE 5 2 S IRl B 2k ] Kappa £ 36 VA 6 44
[ Uil 3= W0 R i = B 4 1) — 3 (Kappa {8 0.00 ~
0.20 BFPI 5 Z [0 6 — Bk, 0.21~0.40 — B dEf 22,
0.41~0.60 — B M %55 0.61 ~0.80 — Btk K &,
0.81~1.00 — ML) .

# R

1. FRBHH Bland-Altman 23 H7

A B M4 5E 7 2% Bland-Altman 43 #7 45 5 WL &
3. Hih 2R FHMEEMME D .2 0.79% , HiriE
W25 M 30.36%,95 % LOA S —58.72% ~60.30 % ; 22
SO B B R DL oA 7064 %0, Hobs fE R 25 N
20.15%,95% LOA N —31.85% ~47.13%: B 4h £ 1
2% SV YE HR5.08% bR 22 835,14 %,95%



TS 22 S5 2022 4F 7 A58 37 %% 7 Radiol Practice,Jul 2022, Vol 37,No.7

827

LOA N — 63. 80% ~ ADC f
73.96% ; ADC 1) 2% 5 - 150 190
[ ]
ik 5.70% e w2 gy I ST SO
p n [ ]
10. 88%. 95% LOA % & g E"fp':‘.:..
—15.62%~27.03%. P4l & g 3 AR
TN - 9 Q .50 o Qedee o
ﬂii%ﬁﬂg_ﬁﬁj\’fﬁﬁﬂiﬁ X X T ... }.... ..... L
N -100 -100

B A 7.64 %, 1t B I 4 58 o

) . 150 ; ; 150 . . , .
ESWER —EN—H; 0 500 1000 1500 0 50 100 150 200 250
BA 4475 5 8 e 2 8 Average @ Average
Bl ST 95 % LOA — o D 150 ul
HHEAR AN, HA D50 100 TH
BI7E 956 LOA FLBREASN. 8 sl .. & e g

=

KMPALE WSRO E § o g 5
ii/J\D § -50- .................... ' ............................ :‘é:

2. MG e Hr -1004 -100- .

A.B P4 1)1 SNR 150 : : -150 : : :
L N 0 500 1000 1500 0 100 200 300 400
A CNREZE R LG I E Average @ Average ®

X (P =0.46.,0.18) , fH A5
RPF ) B 41 SNR fl CNR
(RS ¥ (8 (252.9 = 77.7
5.8+ 2.8) ¥Jm& & FHiF RPF
) A #H(247.3+85.5.5.3+
2.3), W& 1. T M 2
R IR A B WA RO I RE LR B PR e AL
RS 2 2 (8] 25 5 WA it 2E B L (P >0.05,
£ D, WAHEMNEWFS B R PR, AB
A 2 7 PG00 B B — SR A7 (K 28 0.91.,0.81) L i Ak
W B — B B (K ¥R 0.73) , T AE R 5 Ph Y
RAY 5T — BT A (K S 0.56~0.67), L3 2,
%1 ABRAZAMEINBGREFHER

& 3

DD A5 HEERA,

A= A4 Ba Z/t P
SNR 252.9477.7 247.3+£85.5 0.75°  0.46
CNR 5.8 + 2.8 5.34+2.3 —1.34 0.18
A F R 3.120.4 3.12£0.4 —1.00 0.32
* A 3.240.4 3.240.4 —1.41 0.16
¥ 2.84+0.5 2.8+0.5 0.00 1.00
JR LI R E 3.3+0.4 3.340.4 0.00 1.00
& 12.341.1 12.34+1.1  —1.73 0.08

EC A B KB,
%2 BAEWTL—FE LA Kappa 4

B Rz A4 B4

P 15w B 0.91 0.81

* A 0.56 0.67

% 0.58 0.61

g R R 0.73 0.73

% 0.56 0.59
it

RESOLVE A [R H: 58 0% %5 1 M fif P £ 0 358 = 1%

A.B B4 Z %54 Bland-Altman 2 & R B, #a KA ABHIKEH
FHME P REABEZI NN EZFEOH BELELEZFTFHMABEL LT 5%
LOAWMETR, )ADCHEIMERA DI ESHERA;ODASHLERA;

AR o 0 AR PR R ) A R B R F TVIML 4
A, R 32 AT DA AT AR v Y R i S RGN
HIIE S A L AL GE i 3 T SS-EPT JF 51 i TVIM 4% i)
(i) £ B A 4 L 7E S BRI PR R FH o A A1 2 R O 431 4 s
it K R EmAZ 22 WA A EB g, FREG S B #E
R4 1 RPF $OR € 8% Uk 58 7T DL3E £F 3 2> K %5
[0 52 14 77 1) 1 SR A 28 A D) 44 e T B T A 5
HTBEPER RPF £ AR R HF RESOLVE-IVIM J# 41 . it
sE 4k B F W, B RPF (RPF = 6/8) f] 47 44 RE-
SOLVE-IVIM HU% 4 38.7 % (43 # i ] . BT #14%
g JF JC ] B e (B AU TVIM & & 280" 4B f
B A 52 ) CEF 3 i 22 <<7.64.%0) &

BUR S BOE SO SR 2 18 MR R R i 28 4k, A&
WFE L P 20 KR 19 F- 24 SNR AT CNR {8 22 5% E 48t
23 (P 491k 0.46 F10.18)  fH A RPF 19 B 21
SNR Fl CNR fF 3418 (252.94+77.7 F1 5.9+2.8)
B S T RPF ) A 21 (247.3485.5.5.4+2.3), i}
BT BARR A RPF HiR & 28 E 41 SNR #il CNR
F T T W, 224 RPF=6/8 i} & 1§ % RESOLVE-
IVIM J5 91 % WL MR 5 & T BEFE B /s HOAT L% 32,
X—2ERWERT Ariya 21 Yoshimura 21 i 5%
E B RIAIE, K% SNR Fl CNR Z L F &, 5 RPF
HARFPE T KB m R ERTREA XY



828 R 2022 4F 7 A 5B 37 % 78] Radiol Practice,Jul 2022, Vol 37,No.7

RPF=1 i, BIR4F RPF, K 25 i) i3 77 ] 504 100 %
KA RPE=6/8 B, K 25 [a] 32 J7 {5 )8 R 4E 6/8,
T ) bR R SR B AR A B SR R M S (A
W B 2 30 A S S R Y (A s R R
FRATT T BT A 49 T T R PR 5 R YOG &R L DT 3 #
B 2 BRI W 5K, SCREAIR T i ), 3 W IR
R Y T B B AL B 4 7E AR R LR
L PR AR R LB 2 M 22 R ST R
X (P>>0.05),3% ¥ T RPF=6/8 i, 3 A W i 484
PG 28 T R R B, HOWH kb 04 7 O JC W b s i, 1A
Ik H RPF (RPF = 6/8) F A X EIM§12 B If: J6 KK 5%
M

H Air#ok il £ 122 2% IVIM 2 S B E R
VT B HU0R 8IS FH T 5 R I AR A S BIE 5L AR
T AT TARIF 9 %) i A 180 2 B 28005 I 7 Ak 2 ) 1) A
R IR T BN i S BN R R P L i AR B 5T [
R T 8 RPE X RESOLVE-IVIM ‘& & 2 %
(R 5% ] BFF 5% 2 B0 JFE 6T 5 5 2 500 2 T A X 55 /N CE 43
i 22<<7.64 %) , LWL A 52 Tt S HUEAT — 5 1) — 3L
P, LR Fl RPEF =6/8 $ A X & 00 TVIM £ R
() B B Bl B R JE I s s ok B E R R B4
EmSET D2 R EEN, i R E A RE S
B A0 LA R D o+ fH R AR b [ E A
SCH B TR T R F I S TR AN b
{5 H3: T RESOLVE 1 IVIM &4 (= M 1 db o 3
i D E TR E PR AL T PR . RS, A5 Bland-Alt-
man 3 BT HLR B T R ZH0 B FE 95 %6 LOA — Btk ft
FRLLP BAT D BUR B AE 95 % LOA FLBR LLAR , 3%t i3
BT RH T RPF # ARG TVIM & 2 800 il 5 k4
JIN o A0 B B 1 9 461 28 3 4 BT D IR T g R
9o 191 48 Bt 1) o R R R B T A R T k4 A R O
A 332 3l T30 ) eIk AR o A SR A G, S
o3 32K S g 7 3 B AR AL 1 45 2R

AWFFE R PE: RWF5E T RPF=6/8 X} IVIM J¥
G B R0 R BE ST H B RPF (X E S50,
FiJa et — R IE A 70 s AU 18U D S 25 A
Fr it — 20 KA Bk

Zi b frid, RPF =6/8 i | 7 RESOLVE-IVIM
BUEAALGR T 17 50 W E R E], W e IVIM & & 5
BOHA —E B RRE I b PRAIE T BRI 2 W
5% 3

(1] R SRIET , ok B 4k, 55,2014 4F o [H & 08 & W 5587 0 b7
[J0. A AR ihig 44 35, 2018,40(8) :566-571.

[2] AiQY,King AD,Chan JSM,et al.Distinguishing early-stage naso-
pharyngeal carcinoma from benign hyperplasia using intravoxel
incoherent motion diffusion-weighted MRI[]J]. Eur Radiol, 2019,
29(10) :5627-5634.

(3] BR3CUE, HOENE , Jom, 45 7R 3 A T2 3) MR B 0 45 WA 4
ST AST B E I B D FELT ] AP AR U 27 28 5, 2019, 53(7) £ 549-
554.

[4] LiY,LiX,YuX,et al.Investigating the value of arterial spin labe-
ling and intravoxel incoherent motion imaging on diagnosing naso-
pharyngeal carcinoma in T, stage[]].Cancer Imaging, 2020, 20
(1):62.

(5] Z%#ri%.3T MRI iShim, RESOLVE & ss-EPI = 3% HJF 31 %t 1§ Bt
kR B R B e T 2 W LD ) KA Aok,

[6] Ariya W,Suzuki R, Hasegawa T.The influence of the decrease in
data acquisition ratio resulted from readout partial fourier during
readout segmented EPI on ADC map: A phantom study[ J].Nihon
Hoshasen Gijutsu Gakkai Zasshi,2019,75(2) :133-142.

[7] Song C,Cheng P,Cheng J,et al.Differential diagnosis of nasopha-
ryngeal carcinoma and nasopharyngeal lymphoma based on DCE-
MRI and RESOLVE-DWI[J].Eur Radiol,2020,30(1):110-118.

[8] WeiY,Huang MM, et al.In vivo imaging markers for prediction of
radiotherapy response in patients with nasopharyngeal carcinoma:
RESOLVE DWI versus DKI[J].Sci Rep,2018,8(1):15861.

[9] ZF R IMVR,. % BT Bkt DWIF 4] ADC B 4 i B
75 BCHL AT S8 FUIR R UG R 00 R DG Mt 5 L) 0. 5 9 A 5
#.,2021,36(1):53-59.

[10] Yoshimura Y,Suzuki D,Miyahara K.Evaluation of image quality
of readout segmented EPI with readout partial fourier technique
[J].Nihon Hoshasen Gijutsu Gakkai Zasshi,2017,73(12) ;1244-
1251.

[11] VPRI RN BRA 45, % T 8E 3.0T MRI 2 1 J5 1) L 43 Bt
PR B AR 5 - 18T 13 3 O AS B A5 B AR X S WA s 19 32 A
(L] P AR 24 35, 2016, 50(8) 1 586-589.

[12] Chen W, Cai G,Zhang B, et al. To investigate the sensitivity of
chemoradiotherapy on nasopharyngeal carcinoma using intravox-
el incoherent motion MRI (Article) []J].Chin J Radiol,2019,53
(7):549-554.

[13] Wu W,Jiang G.,Xu Z.et al. Three-dimensional pulsed continuous
arterial spin labeling and intravoxel incoherent motion imaging of
nasopharyngeal carcinoma: correlations with Ki-67 proliferation
status[ ] ].Quant Imaging Med Surg,2021,11(4):1394-1405.

[14] Bz eHF BYF. % MRT/NREF TVIM-DWT 4 A %] 5 0 55
G330 00 0 2 RS LD L 4 9288, 2016, 31(7) : 604-608.

[15] @IEHL, RBE sk 40 Mg, 55 B W 8 Wk L 4R 48 38 9 R A 32 3l ik
Bm b (E AR AL i 0 25 B 58 L0016 PR3 2 2% 35, 2017, 36 (6)
822-826.

(ki B 99:2021-10-08 &l H 1 :2022-01-10)



