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Application of cardiac magnetic resonance cine imaging in diagnosis and treatment of heart failure with

preserved ejection fraction

TAO Yijing, GAO Cheng-jie, WU Hao, WAN Qing, XIA Zhi-li, PAN Jing-wei” , WEI Meng
Department of Cardiology, Shanghai Sixth People’s Hospital, Shanghai Jiaotong University, Shanghai 200233, China

[ Abstract] Objective To explore the role of cine sequence of cardiac magnetic resonance (CMR) imaging in
evaluating left ventricular (LV) diastolic function in patients with heart failure with preserved ejection fraction
(HFpEF). Methods LV two-chamber, three-chamber, four-chamber long-axis and series of short-axis cine images were
obtained from 30 patients with HFpEF (HFpEF group) and 15 cases with normal cardiac function (control group) using
CMR examination. LV volume-time curve (VTC) and global strain curves were drawn. Peak filling rate and peak filling
volume, global longitudinal, global radial, global circumferential peak strain and peak diastolic strain rate were compared
between the two groups. Results Compared with the control group, LV remodeling index (LVRI) in the HFpEF group
was significantly increased (0. 86 £0. 15 vs 0. 73£0. 08, P<C0. 05), first peak filling rate/second peak filling rate
(PFR1/PFR2) was significantly decreased or even inverted (0. 74 0. 14 vs 1. 4340. 34, P=0. 001), and first filling
volume (FV1) and FV1/total filling volume (FV1/FV) were significantly decreased (26. 24=9. 74 vs 31. 30%5. 17, P<Z
0.05; 0.5940. 05 vs 0. 69=40. 03, P<C0. 05). Global longitudinal peak strain (GLS) ([ —14. 96 1. 79 1% vs
[—20.9640. 84 1% ,P<C0.01), global longitudinal diastolic peak strain rate (0. 6540. 16 vs 1. 20+0. 27, P<C0. 05),
global radial diastolic peak strain rate (—2.23+0. 71 vs —3. 80+ 1. 13, P<C0. 05) and global circumferential diastolic
peak strain rate (GDCSR) (1.0240. 14 vs 1. 7740. 63, P<C0. 05) in the HFpEF group were significantly decreased
versus control group. Conclusion [.VRI, PFR1/PFR2, FV1 and GDCSR obtained by CMR can accurately evaluate the
changes of LV diastolic function in HFpEF, which may play important roles in the diagnosis and treatment of HFpEF.
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G G e bn. SR G iE4T 2 )2 B TP, (2
UCG ZRZ RN B 2K B B 5% A OS5 (]
25 AR B B 2 B RS e M. TR A D) A
SR M G E IO A AR 12 B bR o RG iE
VAR O I &F 5K T BE. T 4 0 IE 3 R Ccardiac
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F(left atrial volume, LAV), IfitE AL EEH
221 (left ventricular remodeling index, LVRI;
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Cardiovascular Imaging CVI42 fif 3L 4% J5 &b 3 B4
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e M4 11 B (36, 7%) &% 16 $1](53.3%) . IV 4
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ST E L WK L
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Tab 1 Baseline clinical characteristics

Characteristic Control N=15 HFpEF N=30 %°/t value P value
Age (year), %5 5749 66411 —2.852 0. 215
Male 7( %) 6(40. 0) 13(43.3) 0. 057 0. 831
Coronary artery disease n( %) 0€0.0) 20(66. 7) 21. 000 <20. 001
Hypertension n( %) 3(20. 0) 18(60. 0) 7.823 0.012
Diabetes mellitus n( %) 1(6.7) 14(46. 7) 8. 096 0. 008
BMI (kg * m™?), =+ 22.07£2.50 25.64743. 30 —3.701 0. 881
BSA A/m?, z+s 1.65+0. 15 1.8240. 20 —2.935 0. 097
HR f/min~!, 7% 75.80+14. 42 69.17410. 63 1. 748 0.077
Ev/(eme+s™ 1), x%£s 77.934+12.73 73.00+13. 27 1. 191 0. 965
Av/(emes 1), T£s 72.47417. 23 94.934+21. 53 —3.512 0. 600
e’ v/(eme s 1), 7ts 11.2342. 87 4.18+0. 81 12. 633 <20. 001
E/e’ z+ts 7.52+2.94 17.684+2. 30 —12.713 <0. 001

HFpEF: Heart failure with preserved ejection fraction; BMI;

Body mass index; BSA: Body surface area; HR: Heart rate; E: Early

diastolic transmitral velocity; A: Late diastolic transmitral velocity; e’ : Early mitral annulus diastolic velocity

2.2 CMR#&Z4F k2ol L. gl LVEF,
LVEDV, LVESV, LVM 2 R ¥ I G il % & X
(P 3> 0. 05), {H & 5 X} B 41 #f L. HFpEF 41
LVRI J}& (P<<0.05), VTCU&E 1) B, 54
FH L HFpEF 20 260 28 WCAH B 8] 48 5, &7 5K B (3] A4
XFE A, S 5 W 45 %, PFR1 R AR PFR2 T &
PFR1/PFR2 FUE K. XFHE 4] PFR1/PFR2>1,
HIpEF 2171, W4 22 7 A G it & L (P=0. 001,
#2), LHEX T UCG Eox E/A B4 IEH 1
HFpEF &3 CAWtsE g 2 . E/AFBER 1. 25+
0.02),CMR Rgf R @ % PFR1/PFR2<C1(2 i)
PFR1/PFR2 F-#{E K 0. 67840. 014), HFpEF 4]

FV1 J& FV1/FV 3 B BIREAR (P <20, 05, 3%
2) Hd X B4 FV1/FV 0. 69 +0. 03 (0. 60~
0.80), HFpEF £ 3 0. 59 4 0. 05 (0. 55 ~0.65),
HEpPEF 20 1) /¢ U & B A4 iy A48 vy g B e i 228 kA=
AR (L 2) ORI (L 20 Hp A 3 VRE U Ll 24—
AR 2 R AR O L B TR R R0 UL
(51 e AR A 5 5 1 2C iz il R 3 220 A
N1 AR 7K S5 o o WA 7 AR AT 7 72 8 {1 i o
] AP MR B/ . |16 2 Al L, HEpER 44 GLS /)y
FHIHELL(P<C0. 01, 1fif B4l GRS, GCS fy 22 7351
Gt 2E 2 X (P ¥>>0.05); {H HFpEF 41 GDLSR,
GDRSR,GDCSR A{IGF-XF Bt 2H (P 14<20. 05)
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Tab 2 Comparison of cardiac magnetic resonance (CMR) parameters between HFpEF and control groups

Tts
Parameter Control n=15 HFpEF n=30 t value P value
LV function
LVEF(%) 58.99+5. 68 56. 3015, 46 1.535 0. 249
LVEDV V/mL 105. 82+15. 86 103. 82+15. 86 0. 025 0.227
LVESV V/mL 46.11+£8.94 44, 98+9. 80 —0. 848 0. 788
LVM m/g 77.09+11. 14 90. 84418, 95 —1.799 0.071
LVRI (g mL™1) 0.73%£0.08 0.86+0.15 —2.250 0.019
Volume-time curve of LV
PFRI(mL * ms™ 1) 0. 28%+0. 06 0.19%0. 06 4. 948 0.617
PFR2(mL * ms™1) 0.20740. 05 0.2540. 07 —2.523 0.271
PFR1/PFR2 1. 43%0. 34 0.74740. 14 9.627 0. 001
FV1V/mL 31.3045. 17 26. 24749, 74 1. 875 0.042
FV2V/mL 13.6243. 38 18. 4340. 38 —3.410 0.127
FVV/mL 44,507, 94 45, 51413, 05 0. 064 0. 098
FV1/FV 0.6940. 03 0.5940. 05 6. 365 0.019
Strain and strain rate of LV
GLS (%) —20.9640. 84 —14.9641.79 —12. 259 0. 007
GRS (%) 51.8649. 38 47.2149. 40 1. 564 0. 947
GCS (%) —25.16£2.02 —19.89+2.76 —6.556 0.093
GDLSR f/s ! 1.29+0. 27 0.6540. 16 8. 637 0. 034
GDRSR f/s ! —3.80%1.13 —2.23%0.71 —5.711 0. 031
GDCSR f/s ! 1.77+0. 63 1.02+0. 14 5. 837 <20. 001

HFpEF: Heart failure with preserved ejection fraction; LV Left ventricular; LVEF: Left ventricular ejection fraction; LVEDV: Left ventricular
end-diastolic volume; LVESV. Left ventricular end-systolic volume; LVM: Left ventricular mass; LVRI: Left ventricular remodeling index; PFR1: First
peak filling rate; PFR2: Second peak filling rate; FV1. First filling volume; FV2: Second filling volume; FV: Total filling volume; GLS: Global
longitudinal peak strain; GRS: Global radial peak strain; GCS. Global circumferential peak strain; GDLSR: Global longitudinal peak diastolic strain rate;

GDRSR: Global radial peak diastolic strain rate; GDCSR: Global circumferential peak diastolic strain rate

— LV endovolume Peak ejection = Minimum filling rate
LV biood volume = First peak filing rale @ Second peak filling rale

Global peak straino

o Global peak strain @
e 2 AZWECMREEHETEE
1 AiE VIC Fig 2 Left ventricular (LV) measurements by
Fig 1 Left ventricular (LV) volume-time curve (VIC) tissue-tracking cardiac magnetic resonance (CMR)
Y-axis represents volume (mL), X-axis represents time (ms). A: In A, B: LV longitudinal strain in the four-chamber views at the end of
the HFpEF group, the LV diastole expanded, and the plateau LV systole. and the color changes of the pseudo in A indicated the
shortened, with the first peak filling rate increasing and the second myocardial damage in an HFpEF patient; C, D: The strain curves
peak filling rate decreasing, resulting in a decrease in the first filling showed changes of GLS graph over time (C: The peak of GLS was
volume (FV1), as well as the FV1 to total filling volume (FV) decreased in an HFpEF patient; D: Normal GLS in control group).
ratio; B: Normal filling rate and filling volume in control group. HFpEF: Heart failure with preserved ejection fraction; GLS: Global

HFpEF: Heart failure with preserved ejection fraction longitudinal peak strain



55 10 1. PR . 55, O IERE IR S R TE S5 L B0 B 0 D R i v Ak 1 T < 1277 -

3 W i
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R EE RERORE R . A9 & B HFpEF &
& LVM B B4 3 R # A ETE E Yy, H
EXEAMILZ R LG22 E L, E—2 KA
LVEDV £ 1E3815 LVRI 5, W R H 48 2= 54
it E L (P<<0. 05), Buakhamsri 202 B 5T %
B AEY TR AL WU S B JE AL LG H , LVRI A LA
PR NEEF Sk T RE B g . AP — 2B UEsL T
LVRI A& # Ky HFpEF (83 420 = &F K D fe iy
fatr.

ARG T VTC BE & M I it HEpEF f&
FHoDE ARSI R, B Bon w0
s KU L AT 5 e 20 & Fe B sy i s Y
it CMR #5451 VTC BB ik A 0 = & FUFE R4 A
OB EIAN I sh AR b . ASHIFSE & B0, 5 0 I
41 #H It HFpEF f # PFRI1 [% k. PFR2 # &,
PFR1/PFR2 [#fkal {3 % , $#2/8 HFpEF B4 £ 0%
DTy 1 S e R PR 388 o LI 3 [T 4 7
K T AR e 2 R R I, ) R BB 5 36 B AE R
AN FV1/FV %55 0. 60~0. 80, 5AHF 58 % IR 41
BUE 0. 690. 03(0. 60~0. 80) FH1BL» T A WF 5%
HFpEF 41 FV1/FV 2 0. 590. 05(0. 55~0. 65),
BN HRZH BEAIG, 278 HFpEF f835 260 % &7 5K 5. 40
B, FNEP kR R RO EN R R,
H R 25 R, FH e 2 D i e 2
RN, i UCG MR 22 b Mk E 1E 1 A 1§
PR B R E 2T TR B S H 10 6 = e 4544
Jr LA E/A TGk X B EF 5K D 58 1E H AR M IE 1 2R
HLTFEN E E/e” g — 25 Hlr . CMR fghs st
=447 5% PFR1 & PFR2,PFR1/PFR2 {7
XL KT 1L AR IE B i 2 o BUE B, AT
W, PFR1/PFR2 GEM5 USRI /R 220 E &7 Kk DI g

AR

AR A% R TDI B H AR A 46 G 1) A8 L A% 1]
7 725 ] 1) 07 AE o A AR 9 5 4 R 7 O LR
W JGoR ] CMR A8 £ R PEH HEpEFE 350 kT
REMARIE ., SR HEpEF 1% LVEF 1E%,
ER 0 L i 4 M BB 2 1 2 BT A AE L
Carluccio ZE By HJF 75 575, ff Fi BB 75 TDI £ AR 3k
5 GLS J& H W7 22 o0 = IR 4 D) RE 10 B JE 38 Fr.
PARAMOUNT #f5% iz H UCG B 5B B f R, &
MAE LVEF IEH RO . HEpEF 41 GLS F#{I%, $2
ARAE S RE VAR . b AN F 5T 48 R R A
A, AL T CMR 4258 4 AR X2 30 Lk
ik, ¥ — 2 # M HEpEF % i I 45 o) fig.
CMR 2258 i 4 AR RE % = 4 7 IR I8 i A 0 28 B 5
HE B RTEAS T UCG —4EBE B A, S5
4t MRI FRic AR (tagging) #H 6, R K 4 58 49 4 1
[i] o 38 FH 00 7 2 i A I 0 DR ME 7 SR . A5 SR R
HFpEF B35 1 GLS #E 420 % GRS F1 GCS UL
AR B0 B, 2 78 HEpEF S M A2 0 %
TN ) 190 LA 5 R T e o 1 A 1) B S 1) £ 0
W4EiEte 1158 . It GLS et iR R A 0%
Wi Dhedbif » A AT R BRI A2 B R

AN AW ST IR K B 5 %) 4L A L. HFpEF
4 /2002 GDLSR,GDRSR K& GDCSR ¥ [, H
L GDCSR T M fe o B3 . 220 % &7k W 04 {8
o7 75 SR U IR HE — A0 3l JE] B 0 T 5K 1o B o &
TG AR B B R, N 32 0 ILEE (A7 A% i ] T 41
SLA R0 1Y 5% e, AT AE B S O L iz B Y A Ak R
b, BEAEAG ST 8 CMR 24 [) 8t 2 0 A] 52 ik R
1% (T1 mapping) £ A % B GDCSR # AL 5 0 AL
PSR TOPE £F 4 4k A D20 AR 58 R T CMR 3
HUAE R R TEAS I 7 50 0T 42, AR & 3
GDCSR 7£ HFpEF (& B AI% . .0 AILET 5K 1T A2
AR NI N [ B Il [ B S B =
LA 220 % &7 9 A 06 i N AR R BB A5 fe i £2 0 =
W &7 5K DI - A 2 Wi HFpEF 18 3048 br .

AR RBR M (D) A5 & B LA, #
AN AR — 2 R 9T 58 5 b U B 5
(2)CMR 320 B WP I 5% Wi A2 K R T 6 5 1 0
TR L b ER S 1) B EATE R Z 5.
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