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Impact factors of cardiac MR intravoxel incoherent

motion imaging in normal population in China
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[Abstract] Objective To explore the impact factors of cardiac MR intravoxel incoherent motion (CMR-IVIM) imaging in
normal persons in China. Methods Ninety-nine healthy volunteers underwent cardiac IVIM imaging with 3. 0T MR were
enrolled. Short axis CMR-IVIM on the apex, middle and base of left ventricular was performed. Age, sex, body mass
index (BMI) and heart rate were compared between imaging success group and failure group. In success group, trigger
delay (TD) was compared among different ages and BMI, and correlation analysis was completed between TD and heart
rate. TD/RR ratio was calculated. Results The success rate of CMR-IVIM imaging on the middle, base and apical part
was 66.67% (66/99), 64.65% (64/99) and 60.61% (60/99), respectively. Heart rate in success group was lower than
failure group (+=—3.11, P=0.003). Age, sex and BMI had no statistical difference between the two groups (all P>
0.05). Heart rate and TD showed negative correlation (r,=—0.66, P<0.01). TD/RR interval was a relatively stable
adjusting parameter, and TD/RR interval range was (55. 77 £5.51) % in successful cases. Conclusion IVIM imaging in
normal population in China was feasible. Impact factors of success rate included heart rate, TD and TD/RR interval. TD/
RR interval was a relatively stable adjusting parameter.

[Key words] Magnetic resonance imaging; Intravoxel incoherent motion; Myocardium

DOI: 10. 13929/j. 1672-8475. 201803049

hEETE A LOE MR XN AHEHTFIET
R A% 357 R BY 22 i) B &

F 2 FEWE R R.EOE

’i/Fl %9 J/iﬁ U}ﬁ:'*
(K% BB} R 22 Mt i 5 — B B i B, 1077

Ki#E  116011)

(# ZE] BH HibgmhEE® ARCHE MR IEZNAHTEAVIM KGRI RN EmMEE, Fik  IE 99
£33 3.0T MR G IE TVIM BUGIE % 3R BEH GOk, 38 T 700 30438 | i ] 5 A0 2L IS 38 43 54T TVIM H14, b # IVIM
B AG R AR 3 4 5 4 W 2 TB) 4R % PR B A R RS B (BMD L0 R i S [ 4R % BMI 3 20 (8] it % 48 38 (TD) i ) 5 X
TD B [8] 5.0 R ATAH KM 4007, Rl BT 58 TD/RR (8130, R A0 % PIaES LR 0 R IVIM g% b, BHR s T %
350 66. 67 %6(66/99) 64. 65% (64/99) Fl 60. 61%(60/99) . LI L FAK T RIKH (1= —3.11, P=0.003) ,2 A [[] 4
W% P BMI 22 S B RS E L (P ¥>0.05), L% 5 TD Eq‘l‘ﬁﬂ%ﬁi*ﬁa‘éu =—0.66,P<C0.01), J§3Ih4 TD/RR
AR (55. 77£5. 5D Y BekasE . &8 X EIEW AREAT IVIM SR B A AT, IR m F R 4.0 % . TD &
|8 . TD/RR [E# , TD/RR [8] 2 A0 % Fa o i 98 45 245

[(E4TE] ITFEHAFTITRAMIES T A (12016021 I T4 FHE T RPN H (20170540235) .

[E—1EH] 221993 L HltER A LR+, #5805 1 O3 . E-mail: 704496405@qq. com
LEEEE] 285, REER R¥MESE —ERSS R, 116011, E-mail: zjy lzy@126. com

(A BH] 2018-03-27  [fEEIBHI] 2018-10-18



FE A AR 51897 2018 4E58 15 %5 12 ] Chin J Interv Imaging Ther,2018, Vol 15,No 12 o 749 -

[RIA]  RIHRKE R RN Tz 0l
[(FRES%ES] R3; Ri45.2 [XERFRIRA] A

H mi & 2 W A M T 128 35 (intravoxel incoherent
motion, IVIM) & # M T34l 1 £ 4% B 4 L0 (06 36
FEOL 2003 4F, Callot 2 F 1% 7R R 20 L b iE B
IVIM # A AT PEAl O WU SR B, (R TVIM B 4
A 20 2 AR B A2 B A R BURR A 0 I R A b R S B
O WUE S E 5 BRSS9 5 M SNRY ™, 40 IE g
GATAETE — B MEFEST . 2017 4F A< 1 50 41 7 %f A3 1A
O HLHEAT T TVIM SR B AR A S /0N AR T 5 B
BG5BT AL, AR — P TR E IE
W ABELNE MR IVIM %8 AR mHE .

1 #BRE5FE

1.1 — %R g9 A 2015 4E 5 H—2017 4E 11 ATk
BedaZ 3. 0T MR ODE TVIM 41 99 & 1EH SR, 5
46 45,1 53 44 AFE I 20~77 % (36. 4+ 16.4) B[
(34.7£15.00 %, & (37.8+17.6)

[(XEHS]

1672-8475(2018)12-0748-05

KIEIR (trigger delay, TD) B [A] 1) BE 5 36 F 7200 % DU i
O 2T G WS I3 BRSO 35 47 5K v i 000 Lz 3
R SR X o /0 1 B ] 5 A5, DA G AR S i o2 19 TD B [
IVIM AR IR 0 38 0 742 Ak AT /0N 8 32 4 2, DA o
et TD i), ODHE TVIM AR (5 F O L T T4
EUFNE TR, TR AROR bR AR, A2 0 3 Rl E T GO AR
BB R ER O #EATH 4 TE 51. 2 ms, TR 857 ms,
b {EHX 0.20.50.80,100,120,200,300.500 s/mm?’ , ¥ il
WHESY AR 2.2.2.2.2.2.2.2.4,J2)F 8~10 mm.)ZH
#5 0, %E B 96 X 128, FOV 35 cm X 35 cm, TD 360 ~
640 ms; B A E] 19 ~ 24 s, 2 K FH O & 50 ~ 80
/5y

1.3 K& R GE ADW 4.6 TAEu. 1 2 4.0
A8 B S AR B2 I VA T8 5T 8 T LA — SO Hy 4R

% 1, 2R i 48 2 (body mass

index, BMI) K (23.27 =+

429kg/m” [ B (2455 + (

4.1Dkg/m*, L ( 22.18 =+

4. 120)kg/m* ], S .00 # (66. 75 £

7.30) /53[5 (67.15 +8.2D) %/

4322 (66. 586, 86) K/ 43 1. WA I B o
B . o0 HL TR D 5585 % B MR

Rty O S5 0 5 T B R WL 5= .

HEBR AR ME A7 7E O W A B 25 0 E

SCHRLL Ko e D] 8 PH A S A X Bl 4

X MRI 2 SR 5 5 PR | I G 5+

B L O URE B L0 IE T2 R 5

Ho AR RBREGEAC I 012

HEHE, BT A 52 4 3 1 % & AU (R 10, 1E/ 1F

B
L2 4575k

T LK DU R0 2 T 2R PR T P
M Aa Ak 3 7 91 58 i BER AR R
THT A FL 5 4. TVIM 34 b fih

* H GE
Signa HDxt 3. 0T MR #H#1%, >
WE & A 8 i iH & . B E Y
50 mT/m, # B &% ¥ # X%
150 mT/m/s, £ B R4 2 A HE
NG 1 T N NG/ R B = 1G, 1H, )

B1 EFEEHR.T.61 %, A0FEHORIBOM IVIM G, FGRESFH% A TH% A~L45
M b A 0.20.50,80,100,120,200,300,500 s/mm? [ &% ; B b B30, 22020 0UE 5 %2
U 200 2 BE A 5 U 0 T8 0 L 200 2 0 LA B AR 34 b



e 750 -

hE A A1 536975 2018 4E45 15 #2%5 12 81 Chin J Interv Imaging Ther,2018, Vol 15,No 12

G0 LA L B AR BRI R AP E . R 3 G
SERIPAL TVIM B T 9, o0 % AR i 8022 A7
TE/=HLOIUE S ZRBCO IR R A 240 1
G el E UG TR P A5 L AT BEAT 1 H 3 B 9.0 L3
G o 1R /N FRLC LA 5 R % AFAT S8 R A0 LAY
SR 5 19 20 = R B i B 0 LA BB 45 i

S5 ARG A L I A T E

19 R B &, T 2% (&
DA% CE 2) R v B . [F
—Z KB ELE 3 EEBOLAR,
rh ] R ER ) ¥ 58 B AR O R
I E RV s = PN
4.4 12K ERR e O
2 hE R EO M A L K EE
FEE ME ARG, gl
HEI<35 B W FAEAH . >35 &
AR 4 AR 4l BMI 43
BMI << 24 kg/m* W. 4 #
24 kg/m* << BMI <C 28 kg/m’
W .

IESR R TVIM AR 5 7
WS4 TD, 0%, TD/RR [] 1]
X100% .

1.4 Bt RH SPSS
22.0 Gt o A k. it i ROR
PL s Rom . RH] K-S K i
FTIER A b . L4l 5 2R K
2H () AE % M BMIL 3R, i
5 E T4 [, BMI <
24 kg/m* 5 24 kg/m* <<BMI<
28 kg/m” WAL [E] (¥ TD B [a] 2 3k
E A3 17 BF R H Mann-Whitney
U K 56, 5 1F 2 43 A B 2R F S
FEA (K e . A , TD i [A]
SR E MR A Spearman
M Hr. DL P<<0.05 NER

gt L
2 HR

2.1 IVIM BB AL DL
JULJZ 1 Sy F L X 99 4% IE H A S
HIA R 297 EE MG, R B
I E N 63,97 % (190/297), UL
1, A0 E P E L IEITEL O

IS Y TN A% B T 2R 43 3] 2 66. 67 %% (66/99) . 64. 65%
(64/99).60.61%(60/99),

BN 54 4 A 3E 162 )20 U2 1 . H A 19
L 104 2L ML 58 2. RIGA 45 44 .46 135 )2
O AUZ T, HATZ00 0L 107 )2 020001 26 2, 900 L
2 2.

* 1 IVIM BB RERTR)

IR IR SRR R Gt
1% 39 33 35 107
112% 45 48 37 130
I3 15 18 27 60
F 2 IVIM B4 5 2R W 2 52 e R 2= 43 Bt
20531 AR () B BMI(kg/m?) DGR/ 5
W (n=54) 36.4416.0 22 22.73+4.22 64.74+5.99
PR (n=45) 36.34+17.2 24 23.95+4. 33 69.16+8. 04
t1l —0. 96 —1.25 —1.36 —3.11
P1H 0. 98 0.21 0.16 0.003

L 214

B2 EWHEEE.L.23 %, 7805 MO M IVIM BUZ, g HRE Mg A~L 5508 b
84 0,20,50,80,100,120,200,300,500 s/ mm? #) FI5 5 22 0 % 00 HIUES B A58 385 Wb 00 WILASS 5 O 80K, 0
Ji P9 ISR B S 2 5T, e R TR



FE A AR 51897 2018 4E58 15 %5 12 ] Chin J Interv Imaging Ther,2018, Vol 15,No 12 e 751 -

2.2 WM N R o 4 3z ke O
FMTRMA, ZRAGITFEL(=—3.11, P=
0.003), 2 4 Z[EAFH# 1% 5 F1 BMI 22 5 B L4 i 2
MR 2, RIMAHATH 3 42K H LR <60
/5T

B2 TD(520. 93+67. 10) ms, 5.0 R E i
AH A (r,=—0. 66, P<<0.01), WK 3,

I, P AR 22 &L TR 32 4, h
LA TDL(554. 55 +60. 7)) ms | W] B & T H 4E
ZH[(497.81 £ 62.00) ms; t= — 2. 93, P=10.003];
BMI<{24 kg/m* W. #H 36 4, TD B [a] (519.71 +
59.48)ms, 24 kg/m*<<BMI<C28 kg/m’ V.41 18 %4,
TD Bf 6] (535. 00 4= 64. 28) ms; A [f] BMI i 4[] TD
EZRLGHFE XL (1=0.29,P=0.39), K4 TD/
RR [8] ] (55. 774+5.51) %, Bika e

800
—600 2. A . O
5400 LR | "“"""i'l' g- ...
2200
%055 60 65 70 75 80 8
LE /) (3)
Bl 3 Wi TD 5.0 AR E S K
3 it

S NN N TS NS R NN | i i oy
IVIM A%, 7E TG 5T Hl 7 A B B0 F . IVIM AR
AT LA SE BB A O JULRAE B A0 0 iR Y H TVIM
BUAG AR R P 55 R 2 5 T A7 AE — 8 [n) f, )™ 2
IR AR B Z W . AT ST £ 6 1 H R 2 A B i
FAR B 5w P2 (AL 45 4R % L 4 00 L BMILL 0 % TD,
TD/RR [A %) , DL SR8 h A8 35 S 40

AW FEAE 220 AL HEAT 3 20 E TVIM B
18, LA ZE 0 0 WILJZE TE R R S R R R ) R
63. 97 % B R AE B S TVIM GO JIE 814 09 2 i 2 %6
68. 23 Y047 FT REAR , 42 715 B 25 99 A REAS 1 (1 3 i, TVIM
BARMBEWEA TR, RFR D L0 E KT
IVIM S A& 0 52 26 N e BARAK YK Ry v 8195 66. 67 24
FERTE 64. 65% AREB 60. 61 %5, Oy AT Zh 2 A
(14 JL R AT REE 00 2R 14 0 JILAZ S R A v ] 38 A Ok
JEE TR A 5 0 R0 LI 3 il 20 2 483 32 IR W38 Bl 5
M L, W5 A 5 o Q38 00 WL 32 3 I L 2 8 i 3 05 8 45 R
Wi o W T, 55 A0, AN 20 I TVIM AR 45 W) 32 46
B, 7E b EE S LT (b=500 s/mm?), £ L & O
WUAEAE AT LA R 33 0 L (0L 7E b (A 4RO LS 5 41

IR W e 2 2 T R R R B 28 T IR AT R R TR
5 10 1) 32 K 1) 0 2R B I BT U Bl L 5 Bk o
IG5 5900 %) 1 B2 A D%, 0 L B SR SR B2 e 19 1 1
2O U S 0 R T IR AR .

O WIEAS B AN (1] 1B 1) 3 3R 25 5% e O JIE TVIML
8o BRI o A 2004 A JUE 3 AR RO 3R AR B DG B . 0
U1 R s PR T O L e 1 AT 5 o T 0 SR
Hil 20 IVIM A8 i — A s R . BEMEAF Y & B,
M FETT0 R/ G3 B OBE TVIM BUR 0 B Tt
ABFFE B4 el BoR, TVIM 5 A% 8 21 46 59 SF 3 .0
FR(64. T4E5. 9D/ 45, B FEMT IVIM gk i
ZHIRSE 20 R [(69. 16 +8. 04) /4y P=0.003], 4%
RIS TVIM BRI Y 5 6 1 — A 2w &R,
[] Bk, A BIF 5 2% PR A 20 20 0 4 D4 T 4F % L BMIT LA &
PERN I TC G it 2% 22 5 L $OR AR % P 0 1 BMIT R J2 5%
M) TVIM BRI 5 A5 1 G R

TD B [ 4 0 BE TVIM SR 0 B2 28000,
25 52 M0 R L) 3% TD — M2 76 DY o0 )2 1 1
R 5 O JIE T 5k rh i 30T At LA Sl /0N B4 s
A B AR X ORI, 50 R TIA OGO R
B, TVIM ER B 02 224 Bt s, B TD B [
MR AR TVIM BRI [ 45 78 2 . A BF o s s 4
HEAE 4L/ TD B A & 3 & & 42 4l (P <
0. 05) , A fig 5 2 A N BF 19 3% 1A .0 S Rl 1 o O, R4
O 88 0 R AR 1k 0, AR 2 2 v (R Y
FAH B ] 25 A, T AE K AR AR R AR B AR ],
ARBEFE 3 24 K WA 32 K & 0 R I <60 /4 B K
B 48 B ) S ) T AR O A O B 32 R 3 5 R I AT
Al 52 BRI ) 5 7

JAE TD IR S M0 E TVIM % i 5 2298 15
SR AN KRB T R DRSO, AR
KIOFEE TD £ MM (r,=—0.66, P<<0.01), %
FH & 0 FE AR S — S A RE E I 280, B0 TD 5 RR
LR B AE S . APPSR R4 TD/RR i) ]
R (55.77+5.51) %, BP 3£ RR A A 50 % ~60%
A4 B ) 19 GO 2 &7 5K P B D AR S TD B ) B8 A2 2
AL YR m . TD/RR A AE Ry — A A AR
E 1) 500, A T T I DR S AR A L HLIA 75 38 22 116 PR 52
B DLSGHIE

S % e IE AN BESEAT TVIM SR W AT, i)
RS R AL H5 0% . TD Ml TD/RR A, 0 R 5
TD & A 3¢, TD/RR ] # S — 4~ A0 X o e 19 o8 5



. 752 ¢

(1]

[2]

(3]

(4]

(5]

(6]

&

fE A A SR 5875 2018 4F4F 15 #4545 12 1 Chin J Interv Imaging Ther,2018, Vol 15,No 12

[ 5% 30k ]

Winfield JM, Orton MR, Collins DJ, et al. Separation of type
and grade in cervical tumours using non-mono-exponential models
of diffusion-weighted MRI. Eur Radiol, 2017,27(2):627-636.
VLHET B85 07 B A8 IR AR 38 A 132 3l S B0 il & iy
ST T M K e B B AR R, 2018, 34 (4) -
543-547.

BTV, a2 AR N A 1328 3l H AR T I 5 0 e i B ]
J . op B 2E AR R, 2017, 33(7) : 1100-1103.

Callot V, Bennett E, Decking UK, et al. In vivo study of
microcirculation in canine myocardium using the IVIM method.
Magn Reson Med, 2003,50(3):531-540.

Coelho-Filho OR, Rickers C, Kwong RY, et al. MR myocardial
perfusion imaging. Radiology, 2013,266(3):701-715.

Delattre BM, Viallon M, Wei H, et al. In vivo cardiac diffusion-

weighted magnetic resonance imaging: Quantification of normal

7]

(8]

(9]

(10]

(11]

perfusion and diffusion coefficients with intravoxel incoherent
motion imaging. Invest Radiol, 2012,47(11): 662-670.

Rapacchi S, Wen H, Viallon M, et al. Low b-value diffusion-
weighted cardiac magnetic resonance imaging initial results in
humans using an optimal time window imaging approach. Invest
Radiol, 2011,46(12):751-758.

Gamper U, Boesiger P, Kozerke S. Diffusion imaging of the in
vivo heart using spin echoes-considerations on bulk motion
sensitivity. Magn Reson Med, 2007,57(2):331-337.

Mou A, Zhang C, Li M, et al. Evaluation of myocardial
microcirculation using intravoxel incoherent motion imaging. ]
Magn Reson Imaging, 2017,46(6):1818-1828.

Xiang SF, Zhang XQ, Yang SJ, et al. STROBE-—A preliminary
investigation of IVIM-DWI in cardiac imaging. Medicine
(Baltimore), 2018, 97(36):e11902.

A, R K, O IR 2 b DWI %125 5
WU S2RE, 2013, 28(3):337-340.

WERERVERERE (LR RERERERERE (LR RS

OB BREAEAR B ) A ks 2019 4R4ETT 5 3%

(P EES AR AR E T 1985 4E6) T, & b B B2 Bt 3
Lo E R B ST E I B E R G R T, TS ISSN
1003-3289,CN 11-1881/R., B 3K A Frf EZA 22 AR W 1), 8L b [
K BRI v R A0 ) v [ R A TSRO R A% O

NEESEREN

ZHONGGUD YIXUE
CHINESE JOURNAL OF M| M

TECHNOLOGY

Crp SCRZC 9 TS R S8 DAL 8 ) | A 22 2~ SCAM ) IAGR IR0 1) L 5

FEl Rk SCA ) Wi 3 D00 1 L 4 2 307 S 2% 350D MR R 1L WHO
(P RAP I X BE 2 2R 5 1) (WPRIMD O U ) L H A B2 R R 24 L

Hag v [ SRR KA ) (J ST China) Wesg 1 1)

(rp [ BE A S AR R DA R IR R R 2 R 2 B AR R TR
HIS AT FEARSS & I ZR- S PR AR T TS Gl A 2 0 AR
I7 R REOR S (BEAY HLS TR S A5 T I A S AT 5 R R S 1 AT
FEREH R . AIE SCRCREE | T B AR O e T 0 o L

@R EAREE R R AR RN R4 5.

e B 2 AR BOR ) A 1)L 160 B0, 0K 16 TFA, R (ETR| . 5
#r 26 JU, AFEM 312 JC. 1177 AT Rl AT 1) >4 i R Jey 0T B o 8 2 AR5

= LM
0 31 A
(PR MUREN L) &MY
0D LTS
B ([ HEIN) oL

WA (LS ) aEE]mT
amiT

i (k) saEm
w0 {WAR SR RET R ) wEmm

B B 5 R

=& Academy of Sciences

82-509 5 I AT 1] & B4 0 L4 VT ) e R 2 Ble ULl i B A7 e T L R

AT I A2 5 4 70 .

e Z MK .010-82547903 £ H..010-82547903

E-mail: cjmit@mail. ioa. ac. cn

i i TRk < AL E T M TE X AL PUBRPE B 21 5 Kk 502 =
4= .110907929010201
AN AL E

BATI P 24 b [ B o 5 AR ORI A
TF AT 48 B AR AT AL 5 o0 A7 3 e Bl AT

Bk : www. cjmit. com

2k - 100190



