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BETMIMAS TIRERER M., &k A 2016 4F 4 H Z 2017 4E 10 A 152 M REE—BERAT CMR #AF1) 26 4] HCM
FRH K12 A ABHEXTIR BT A AT S BE 2 A O IR K TVIM 13, HOM JR B B 2 AL S R dER B3 (LGE )
9. N MITK-Diffusion Ji BRI A0 L5 B P WO b7 e (£) | PRl 1R % (ADCy, )
PRI B RE (ADCy,, ) , THHMHZER LSRR EREERE (EDTH) o KIEA 0 EREILERE A
JC LGE 4 HCM BFE S T4r2H, 4370 Lb# HCM (3 SR IRz 3], HCM B3 rhAE IRy B S B s Bez M A o
LGE DAUTBEZ A, DL AR B AN FEEFRRE WAL Z 0] f{H. ADChy. ADCy, U255, R Spearman #H&43
Mg 4 1B IVIM 244 £ {H. ADC. ADC,,, 5 EDTH fHXKHE, 4 & HCM B # ADC,,, & ADCy,, P T HEEEXT
I8 [ADCy,, 23514 0.003 (0.002, 0.005) . 0.004 (0.002, 0.007) mm%s, ADCg 43514 0.046 (0.025, 0.074) . 0.069

(0.052, 0.086) mm’s], ZRIIEGHFENL (Z=—2434, —7268, P1J<<0.05) , i {{E7E HCM & FIEEEXT IR
ZRZERTG2HR L (P>0.05) . HCM MR R T B KBRS BELE) ADCy,, 43994 0.051 (0.029, 0.077) .
0.027 (0.019, 0.052) mm’/s, FRTHEEEEXTR, ZRYAGIHEENL (Z=—5.505, —8.144, P ¥<0.01) . JEET
BCHH £l X ADC S THENEIE5 BELH [0.444 (0.080, 0.834) vs 0.735 (0.302, 0.877) . 0.027 (0.019, 0.052) mm’/s
vs 0.051 (0.029, 0.077) mm’/s], ZRWHGITFEN (Z=—3.527. —4.722, P1<0.01) . RBEE. PEE. HFEE,
i o AR JBE T B AL 2 (B ADCy, M2 A ot 225 X [405020 0.035 (0.021, 0.061) . 0.023 (0.015, 0.038) .
0.018 (0.013, 0.025) . 0.012 (0.005, 0.055) mm?/s, H=9.769, P=0.021], {HF M Li2E 28 T5 %5 X
(P ¥J>0.05) . HCM f#&HA LGE DNLTTEAY K ADC,, ¥HETIC LGE ODILIFTB: (Z=—2.704. —2.143, P=

0.007., 0.032) . Spearman FH5&5HT45H7R EDTH 5 f{H % ADC,,, ¥R HAHKE (r=—0.195. —0.282, P J<<0.01) .
¢ CMR IVIM HRTATTEA] . i Bt HCM B3 O IR DI RER AT . i 5 D) ek 19" AR 5.0 NUIE &
TEREA O, AEARE K IC LGE LWL BEINEE Ui D RERE .

[XER] ERNAMETEZZ); BELRBUE; EEERLOHAE; HUnsSDIReREss; LBk

[FESES] R5422 [SCHEAFRAERD] A [XEHS] 0258-879X(2019)03-0277-07

3.0 T cardiac magnetic resonance intravoxel incoherent motion in evaluating microvascular dysfunction of
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[Abstract] Objective To explore the value of 3.0 T cardiac magnetic resonance (CMR) intravoxel incoherent motion
(IVIM) for evaluating microvascular dysfunction in hypertrophic cardiomyopathy (HCM) patients. Methods Twenty-six
HCM patients and 12 healthy controls, who received CMR examination in the First Hospital of Lanzhou University from

Apr. 2016 to Oct. 2017, were enrolled. All volunteers underwent short-axis cardiac cine and IVIM scans, and HCM patients
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underwent late gadolinium enhancement (LGE) scan. The fraction of fast apparent diffusion coefficient (f), fast apparent diffusion
coefficient (ADCy,,) and slow apparent diffusion coefficient (ADC,,,) were measured using MITK-Diffusion post-processing
software. End-diastolic thickness (EDTH) was measured on short-axis cine image. HCM patients were grouped according to the
severity of the left ventricular hypertrophy and whether having LGE or not. The differences of f value, ADC,, and ADC,,, were
compared between HCM patients and healthy controls, non-hypertrophic segments and hypertrophic segments of HCM patients,
LGE segments and non-LGE segments of HCM patients, and different hypertrophic subgroups in hypertrophic segment group.
Spearman correlation analysis was performed to explore the correlation between IVIM parameters (f value, ADC, and ADCy,,,)
and EDTH in each segment. Results The ADC,,,, and ADC,,, of the HCM patients were lower than those of the healthy controls
(ADCy,: 0.003 [0.002, 0.005] mm™/s vs 0.004 [0.002, 0.007] mm’/s, ADCp: 0.046 [0.025, 0.074] mm’/s vs 0.069 [0.052, 0.086]
mm’/s), and the differences were significant (Z=—2.434 and —7.268, both P<<0.05). There was no significant difference in the
f value between the HCM patients and healthy controls (P>0.05). The ADC,,, values of the non-hypertrophic segment group
and the hypertrophic segment group in the HCM patients were 0.051 (0.029, 0.077) mm®/s and 0.027 (0.019, 0.052) mm’/s,
respectively, which were both significantly lower than that of the healthy controls (Z=—5.505 and —8.144, both P<<0.01).
The f value and ADC,,, of the hypertrophic segment were significantly lower than those of the non-hypertrophic segment (0.444
[0.080, 0.834] vs 0.735 [0.302, 0.877] and 0.027 [0.019, 0.052] mm’/s vs 0.051 [0.029, 0.077] mm’/s, Z=—3.527 and —4.722,
both P<<0.01). There was significant difference in ADCy,, between the mild, moderate, severe and extremely severe hypertrophic
segment subgroups (0.035 [0.021, 0.061] mm’/s, 0.023 [0.015, 0.038] mm?/s, 0.018 [0.013, 0.025] mm/s and 0.012 [0.005, 0.055]
mm’/s, respectively; H=9.769, P=0.021); however, pairwise comparison showed no significant differences (all P>>0.05). The
f value and ADC;,, of the segmental myocardia with LGE were significantly lower than those without LGE (Z= —2.704 and
—2.143, P=0.007 and 0.032). Spearman correlation analysis showed that EDTH was significantly negatively correlated with f value
and ADCy, (= —0.195 and —0.282, both P<<0.01). Conclusion CMR IVIM technology can non-invasively and quantitatively
reflect cardiac microvascular dysfunction in HCM patients. The severity of microvascular dysfunction is related to the severity of
myocardial hypertrophy. Microvascular dysfunction is also present in non-hypertrophic and non-LGE myocardia.

[Key words] intravoxel incoherent motion; magnetic resonance imaging; hypertrophic cardiomyopathy; microvascular
dysfunction; myocardial ischemia
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FE P A 4, EE AR (repetition time,
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TE) & 1.1~1.5 ms, 5% (field of view, FOV )
M 370 mm X320 mm, ZER 8 mm, FEfAHN
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w, PEN IVIM JR I adfil & 1258 (trigger delay,
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El1 HCM BEALCEZWMAREEAR b E IVIM Ef%
Fig1 IVIM images with different b values in middle view of left ventricular short-axis of HCM patients

A 45-year-old female HCM patient. Left ventricular myocardial signal is of uniformity, hypertrophic myocardial segment signal is

higher than non-hypertrophic segment, and myocardial signal decreases with increase of b values. A: b=0 s/mm’; B: b=50 s/mm’;

C: b=100 s/mm’; D: b=200 s/mm’; E: b=400 s/mm’. HCM: Hypertrophic cardiomyopathy; b: Diffusion sensitive factor; IVIM:

Intravoxel incoherent motion
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F2.0 703090301, 1,3, 5%), Ay

A 382 MU B, o oA R BrAL o LY
Bt 284 1~ (74.3%) , MEETTEBALONTEL 98 4
(25.7%) . MBENEB T, B, i, HE,

Wi B DTN 66, 24, 4. 4 4 (45
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22 1] (84.6% ) H# LGE, 4 ] (15.4% ) J
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2.2 fEEXNMEE HCM &% f 1. ADC,,,.

ADC,,, %1t HCM ¥ ADC,,, il ADCy, 3
R, ZRHARTE L (P<0.05,

P<<0.01) ; i f{EAEAEEEXS IRAI HCM fE 22 6] 24
SRS E L (P>0.05) . WFE 1,

F1 EEXEBE HCM £& (. ADC,,,~ ADC,, HILLE
Tab1 Comparison of f value, ADC,,,, and ADC,, between healthy controls and HCM patients

Median (lower quartile, upper quartile)

Parameter Healthy control n=12 HCM n=26 Z value P value
fvalue 0.689 (0.371, 0.840) 0.697 (0.222, 0.865) —0.386 0.699
ADCy,,, (mm’ s ") 0.004 (0.002, 0.007) 0.003 (0.002, 0.005) —2.434 0.015
ADCp, (mm’ +s™ ") 0.069 (0.052, 0.086) 0.046 (0.025, 0.074) —7.268 <0.01

HCM: Hypertrophic cardiomyopathy; f: Fraction of ADCy,; ADC,,: Slow apparent diffusion coefficient; ADCq,,: Fast apparent

diffusion coefficient

2.3 HCM BFHIEFeZFH B, ReFiRasidx
*PREZAE) £ 15, ADC,,,. ADC,,, #Iri W3k 2,

HCM SBENLETTBA f {HF ADC,,, BIETHELE
WEH, ERWASIEE (P4<0.01) , 1
ADC,,, FEMZ ]2 R g 72 L (P>0.05) .

HCM FF AR AT Be gl SRR BE4H i ADCyg,
PR TFEERYR, 25 A5RIT¥E X (Z=

—5.505, —8.144, P #<0.01) ; HCM H#3E
HEJEEAT B ) ADCyo,, MABJEATEBLAHRY £ AEIIIKT
X R, ZRWAESIEE L (Z=—2.411,
—3.000, P=0.016. 0.003) ; 1fiif HCM &Ik
REJET B2 i) £ AE M B JE T BR 4 ADCy,, 51
RN HRAR b 22 R LG 248 L (Z=—0.844,
—1.548, P=0.399, 0.122) .

®2 HCM BEFRETRAREBETRAf{E. ADC,,,. ADCy,, HILLEZ
Tab 2 Comparison of f value, ADC,,,, and ADC,, between non-hypertrophic and hypertrophic segment groups

in HCM patients
Median (lower quartile, upper quartile)
Parameter Non-hypertrophic segment n =284 Hypertrophic segment n=98 Z value P value
fvalue 0.735(0.302, 0.877) 0.444 (0.080, 0.834) —3.527 <0.01
ADCy,,, (mm’+s™ ") 0.003 (0.002, 0.006) 0.003 (0.002, 0.005) —0.523 0.601
ADC, (mm’+s™ ") 0.051 (0.029, 0.077) 0.027 (0.019, 0.052) —4.722 <0.01

HCM: Hypertrophic cardiomyopathy; f: Fraction of ADC,; ADC,,: Slow apparent diffusion coefficient; ADCy,,: Fast apparent

diffusion coefficient

24 HCM BB R4 R FEEA2 B 42 8]
f 1. ADC,,,. ADC;, #i UL 3, HCM &
TR B R R EEE . LR
W2 Z [ ADC, ZFA G #E L (H=9.769,

P=0.021) , HWP LESS SRR 4412 8] ADCyy

S LG FEL (P ¥>0.05); fHM
ADC,,, f£ 4 DA[FIALJEFREE W 40 2 0] 22 ¥ T4
L (PY>005)
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X3 HCM EEREVTRATRFERERETAfE. ADC,,,. ADC,, HILLE
Tab 3 Comparison of f value, ADC,,,, and ADC;,, among different hypertrophy subgroups in HCM patients
Median (lower quartile, upper quartile)

Mild n=66 Moderate n=24 Severe n=4

fvalue 0.592 (0.112,0.855) 0.151(0.018, 0.722) 0.549 (0.159, 0.849)
ADC,,, (mm’+s ") 0.003 (0.002,0.005) 0.003 (0.002, 0.003) 0.003 (0.003,0.004) 0.004 (0.003,0.007) 1.595  0.660
ADCj (mm*=s ") 0.035(0.021,0.061) 0.023 (0.015,0.038) 0.018 (0.013,0.025)  0.012 (0.005,0.055)  9.769  0.021

HCM: Hypertrophic cardiomyopathy; f: Fraction of ADCy,; ADC,,: Slow apparent diffusion coefficient; ADC,,: Fast apparent

Parameter Extremely severe n=4 H value P value

0.544 (0.368,0.795)  6.835  0.077

diffusion coefficient

2.5 HCM ## % LGE ZH LGE H &S f 1A,
ADC,,,. ADC;, #¥ti HCM H#EHAH LGE O
B A ADC YK FIE LGE OB, 22

SWAEGEEY (Z=—2.704, —2.143, P <
0.05) , MM ADC,., ZH LGt E X
(P=0.130) . W4,

#&4 HCM #EEX LGE &E LGE DAl f . ADC,,,~ ADC, HILEE
Tab 4 Comparison of f value, ADC,,, and ADC,,, between myocardial segments with and without LGE in HCM patients

Median (lower quartile, upper quartile)

Parameter Without LGE n=4 With LGE n=22 Z value P value
f value 0.723 (0.248, 0.873) 0.518 (0.121, 0.838) —2.704 0.007
ADC,,, (mm’*s ") 0.003 (0.002, 0.005) 0.003 (0.002, 0.005) —1.513 0.130
ADC,,, (mm’+s ") 0.047 (0.026, 0.075) 0.038 (0.022, 0.068) —2.143 0.032

HCM: Hypertrophic cardiomyopathy; f: Fraction of ADCy,; ADCy,,: Slow apparent diffusion coefficient; ADCq,: Fast apparent

diffusion coefficient
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