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Intravoxel incoherent motion in evaluating myocardial microcirculation of hypertensive patients: a preliminary study

LI Shi-lan, MOU An-na, CHE Si-yu, CHEN Hui, ZHANG Chen, SONG Qing-wei, LIU Ai-lian, LI Zhi-yong’
Department of Radiology, the First Affiliated Hospital of Dalian Medical University, Dalian 116011, Liaoning, China

[Abstract] Objective To assess the myocardial microcirculation of patients with hypertension using intravoxel
incoherent motion (IVIM) diffusion-weighted imaging, and to analyze the differences compared with normal volunteers.
Methods Thirty normal volunteers and 18 hypertensive patients, who underwent cardiac magnetic resonance cine and
IVIM scans in our hospital from May 2015 to Sep. 2018, were enrolled. The IVIM scan was performed on middle view of left
ventricular short-axis with 8 b values (20, 50, 80, 100, 120, 200, 300 and 500 s/rnmz). The structural and functional parameters
were measured on left ventricular short-axis, and the IVIM parameters (fast apparent diffusion coefficient [ADC,,], slow apparent
diffusion coefficient, fraction of ADCy,,) were measured using biexponential model. The differences of all parameters were analyzed
between the normal volunteers and hypertensive patients. Results The left ventricular ejection fraction, cardiac output and
myocardial mass of the hypertensive patients were higher than those of the normal volunteers ([68.39 +7.511% vs [63.20+5.22]%,
[6.84+2.03] L vs [5.41+1.08] L, and [122.54433.63] g vs [85.97£25.42] g), and the differences were significant
(t=—2.75, —2.64 and —4.15; all P<<0.05). There were no significant differences in the left ventricular end-diastolic volume,
end-systolic volume, stroke volume or cardiac index between the hypertensive patients and normal volunteers (all #>0.05). The
ADC;,, of the hypertensive patients was significantly lower than that of the normal volunteers (0.12 [0.03-0.17] mm/s vs 0.14
[0.10-0.21] mm’/s, Z=—2.83, P<<0.01). Conclusion The application of IVIM can contribute to evaluating myocardial
microcirculation of the hypertensive patients.
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Tab1 Comparison of basic characteristics and left ventricular structural and functional parameters

between two groups

Group Normal N=30 Hypertension N=18 Statistic P value
Age (year), x s 44.47+13.94 49.11+16.68 t=—1.04 0.31
Male n 14 12 Y=1.81 0.18
Body mass index (kg e m ), x*s 23.60+2.81 27.67+3.42 t=—448 <0.01
Heart rate f/min ', x+s 62.50+6.27 65.44+17.75 t=—144 0.13
Left ventricular parameter
EF (%), xts 63.20+5.22 68.39+7.51 t=—2.75 0.01
CO (L* min "), X=*s 5.41+1.08 6.841+2.03 t=—2.64 0.02
LV, . m/g, xts 85.97+25.42 122.54+33.63 t=—4.15 <0.01
EDV V/mL ,x*+s 136.61+26.57 148.30+34.93 t=—127 0.21
ESV V/mL, x*s 50.41+12.75 44.43+11.39 t=1.57 0.12
SV V/mL, median (range) 82.25 (69.40-135.70) 86.60 (63.80-152.18) Z=—148 0.14
CI(L*min 'em %),Xx=*s 2.90+0.44 3.24+0.77 t=—1.52 0.15

EF: Ejection fraction; CO: Cardiac output; LV, ,: Left ventricular mass; EDV: End-diastolic volume; ESV: End-systolic volume;

SV: Stroke volume; CI: Cardiac index

23 IVIM & 5340 MR — s XTF
FrA Ao % (IE W SR E M e IR EE ) [H
— I BEISEE 2 Wl E R IVIM 250 ( ADCy,, .
ADCy,. f ) , 1ICC KB A B I —8tE
(ICC 43%1°M 0.97. 0.97, 0.86, £ 2) o X THM
A7 AN ] BE I 43 50 2 ) ADCy,« ADCy v £ 1H,
ICC 50 IR A B — 35k (1CC 435314 0.93
0.95, 0.84, £3) .

F2 FIEWARWR IVIM ESHMNARN—BIES T
Tab 2 Intragroup consistency of IVIM parameters

in all subjects

n=48,x+ts
Parameter Baseline At 1 month ICC
ADC,,, (mm’+s ',X107°) 3.30+0.88 327+0.85 0.97
ADCp (mm’+s ') 0.13+0.03  0.134+0.03 0.97
fvalue 0.3440.07 0.34%+0.09 0.86

IVIM: Intravoxel incoherent motion; ADCy,,: Slow
apparent diffusion coefficient; ADC,,: Fast apparent diffusion
coefficient; f: Fraction of ADC,,

x3 FIEMRIR IVIM ESH A E—BES T
Tab 3 Intergroup consistency of IVIM parameters
in all subjects

n=48 x*ts
Doctor 1 Doctor2  ICC
3.30+0.88 3.224+0.86 0.93
0.134+0.03 0.14£0.04 0.95
0.34+0.07 0.37+0.09 0.84

IVIM: Intravoxel incoherent motion; ADC,,,: Slow

Parameter
ADCslow (mmz ° Sil,
ADCppy (mm® «s™ ")

f value

X107%)

apparent diffusion coefficient; ADCq,: Fast apparent diffusion
coefficient; f: Fraction of ADC,,

24 4 IVIM A A% s WL 4, millE
B ADC,,, K 0.12 (0.03~0.17 ) mm?/s,
RFEWREEH [0.14 (0.10~0.21) mm?/s],
LREGEY (Z=—2.83, P<0.01) ;
P4l ADC,,, Ml f HERBLRIT¥E XL
(P ¥>0.05) . IEH&E&EMESMERSE IVIM
FEMG B UL 1 FE 2,



B30 s, SRR TZ SR U O USRI 2 BT * 287

*x4 THAHEIVIM &SE LS

Tab 4 Comparison of IVIM parameters between two groups

Group Normal n=30 Hypertension n=18 Statistic P value
ADCy,,, (mm’ s~ ', X 10), x*s 3.26+0.92 3.3610.83 t=—0.37 0.71
ADC,,, (mm’ + s "), median (range) 0.14 (0.10-0.21) 0.12 (0.03-0.17) Z=—2.83 <0.01
fvalue x+ts 0.36+0.05 0.32+0.09 t=1.35 0.19

IVIM: Intravoxel incoherent motion; ADC,,: Slow apparent diffusion coefficient; ADC,: Fast apparent diffusion coefficient;
f: Fraction of ADCy,,

1 1gEEEXEEIVIM B&

Fig1 IVIM image of a normal volunteer

Male, 45 years old, healthy. A-I: Original images of IVIM at the left ventricular short-axis view (corresponding to b=0, 20, 50, 80,
100, 120, 200, 300 and 500 s/mm’, respectively); J-L: The pseudocolor images produced by biexponential mode using IVIM imaging
(corresponding to ADCy,,, ADCy,, and f, respectively). The values of ADC,,,, ADCy, and f are 1.52X 10 ° mm®/s, 0.16 mm’/s and
0.30, respectively. IVIM: Intravoxel incoherent motion; ADC,,,: Slow apparent diffusion coefficient; ADC,,: Fast apparent diffusion

coefficient; f: Fraction of ADCy,,
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Fig2 IVIM image of a hypertension patient

Male, 33 years old, hypertension for 7 years (blood pressure before cardiac magnetic resonance imaging is 150/110 mmHg [1 mmHg=

0.133 kPa]). A-I: Original images of IVIM at the left ventricular short-axis view (corresponding to b=0, 20, 50, 80, 100, 120, 200,

300 and 500 s/mm’, respectively); J-L: The pseudocolor images produced by biexponential mode using IVIM imaging (corresponding

to ADC,,,, ADC;, and f, respectively). The values of ADCy,,, ADCy, and f are 3.84X 10> mm’/s, 0.10 m’/s and 0.27, respectively.

IVIM: Intravoxel incoherent motion; ADC,,: Slow apparent diffusion coefficient; ADC,,: Fast apparent diffusion coefficient;

f: Fraction of ADC,,
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