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HEE] BE . WH0EE LG U (hypertrophic cardiomyopathy, HCM ) £ 2 760 %8 &F 5K Dy g 1.0 ERE 2R (cardiac
magnetic resonance, CMR )0 JJLR; A5 28 285 5500 PR PR S8 RS [H] (Y 56 3R 0 F5 3% A0 A 160 17 HCM 8% il 50 44 1@ B
JEE T CMR B8, IR AEZE (strain rate, SR) Z4(, G40 F & W BIE(ER M N 2E 3 (radial strain rate,
RSR) . I8 J& ¥ 4% 3 ( circumferential strain rate, CSR)W&&E@@%(Iongitudinal strain rate, LSR), #4% 2014 Wt ER I >
JIE9 %% 23 (European Society of Cardiology, ESC)#& /i Fl 2020 K 36 [E.0 I 2% £3/3% .0 JIE 9% B £3 (American College of
Cardiology/American Heart Association, ACC/AHA )48 58 73 5l % 28 2 M 47 0 VR MEJE BE (sudden cardiac death, SCD) AU
I3 AE TR ST REAS ¢ R 50 LU H [] — 45 m s SO e XU 5 AR AU 2 4L 1 139 &7 5K D e 2% 5, B0 TR 3R O 22 43 B LA
2 Tl e SO A ) AU SV 26 [ 1) &7 5 D B 22 5, 098 1 v 1) 32 28 XU PR 3R S T TR D RE CMIR 0 78 38 2 45 ] 119 AH O
PEUEATLRMERIE 0T, SR CHCM B E 0 &7k 0] SR 406 X {5 75 %) 18 41 2 3% F# 11 (RSR, -1.27+0.60 £-2.40+0.59;
CSR,0.7120.24 It 1.22+0.25;1.8R,0.52+0.24 It 0.89+0.20,P ¥1<0.05), HHE 2014 W ESC 8/ 432, SCD = KU 8
(27 1) W &7 5K 0 RSR 48 %0 (8 35 AR XU R 8 4 183 IR (P<0.05) , T P 8] 19 CSR & LSR JE 22 5 5 AR 4 2020 it ACC/
AHA 87, SCD = B B8 25 (92 49 ) &7 3K 169 3 >0 UL SR 48 A 248 X6 {1 44 B AR XU 8 3 1 38 BRIk (P 19<0.05) , X
TE 2014 ESC P AR KU T AE 2020 hit ACC/AHA 45 R Hh A i KU 14 5835 (65 161 ), LAT Sk ) SR 4 x{E 5 2 A48 mi 1
S e IRV 1 £8 38 AR 07 | 0 S8 AR T 2 oA e v B ARRUBS: (9 R 3 FE £ SCD fa B PR FE b &7 5RO UL SR 4a X
TE /e 28 B d KT =30 mm FEE IR 58 Ah /70 %0 JIUBT o3 LA = 159% I 26 X (1 1 35 IR, e & 7 sk D e 2 )™, 0 %
BE e K SR 9 A/ /0 250 UBT i LEAE 5 &F sk W10 UL SR XA 35 AR DG (A DG R 2L - 9 RSR: 0.48/0.35, CSR:
-0.42/-0.31, LSR: -0.37/-0.16, P ¥1<0.05), %€ :CMR Z 0> %0 WL SR 78 SCD = AU & % vh B 3E BR AL, B 5% fa
Wz R 2R FA AR DG | TP S A B Al SCD KU I T FE AR W1 AR 5
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Study on correlation of cardiac magnetic resonance strain rate parameters of left ventricular diastolic function
with risk of sudden death in hypertrophic cardiomyopathy LIU Peng, YAN Fuhua, QIN Le, XIAO Ruijie. Department
of Radiology, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China

[Abstract] Objective: To investigate the relationship between cardiac magnetic resonance (CMR) myocardial strain
rate (SR) parameters of left ventricular diastolic function and the risk of sudden cardiac death (SCD) in patients with hy-
pertrophic cardiomyopathy (HCM). Methods: A total of 160 HCM patients and 50 healthy control subjects who underwent
CMR were enrolled. Radial strain rate (RSR), circumferential strain rate (CSR) and longitudinal strain rate (LSR) of left
ventricle (LV) by CMR were measured. Risk stratification of SCD by 2014 European Society of Cardiology (ESC) and the
2020 American College of Cardiology/American Heart Association (ACC/AHA) guidelines were performed in patients re-
spectively. Differences in diastolic function between high-risk and low-risk groups under the same guideline were com-
pared with ¢ test and one-way ANOVA was used to compare diastolic function between subgroups based on two guidelines.

Linear regression analysis was performed to analyze the association of commonly risk factors in guidelines and diastolic
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function. Results: The absolute value of diastolic SR of LV in HCM was significantly decreased when compared with those
of control subjects (RSR: =1.27 + 0.60 vs -2.40 + 0.59, CSR: 0.71 = 0.24 vs 1.22 + 0.25, LSR: 0.52 + 0.24 vs 0.89 *
0.20, all P<0.05). There were significant differences in diastolic RSR and CSR among HCM different phenotypes (all P<
0.05). Patients with high SCD risk (n=27) according to the 2014 ESC guidelines had significantly lower diastolic RSR(P<
0.05) than those with low SCD risk,while had no difference in CSR and LSR. Patients with high SCD risk (n=92) according
to the 2020 ACC/AHA guidelines had significantly lower diastolic SR (RSR, CSR and LSR) (all P<0.05) than those with
low SCD risk. The diastolic SR in patients with low SCD risk by 2014 ESC but high SCD risk by ACC/AHA were similar
with patients at high risk based on both guidelines, and were significantly lower than that of patients at low risk in both
guidelines. Among the four major risk factors, the absolute value of diastolic myocardial SR were significantly decreased in
the group which had higher maximum left ventricular wall thickness (=30 mm) and late gadolinium enhancement/left
ventricle mass (=15%), and LV diastolic function was severely impaired. Maximum left ventricular wall thickness and late
gadolinium enhancement/left ventricle mass both had significant association with diastolic myocardial SR (correlation coef-
ficient r were 0.48/0.35 in RSR, -0.42/-0.31 in CSR, -0.37/-0.16 in LSR, all P<0.05). Conclusions: SR of LV myocar-
dial by CMR is significantly reduced in patients at high risk of SCD, and is correlated with some risk factors, which may
serve as a new biomarker to assist the stratification of SCD risk.
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B A0 B REARE XS FRME RS IR . 2017 4 A i v
JIEJEE A0 UG 4 B m v s TR RS AR AT
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1. CMR Fafs . SRR R 3.0T 3tk
AL (Ingenia, CFNH EEIT | i 22 ) FHGES R H O
H T4 S 1145 O X i 35 A T IR R 2 | IR
RPEAT B A, 340 P 5 A 45 T A AR 2 A
H BB B0 7 B ARAT P IRECy | =M 0 | DY O A i B v
FRB, ASEC B 350 mmx350 mmx
8 mm, A E 2 mmx2 mmx8 mm, HiFF 176x168, Ji
b PR 158 5 B 720 0 L R TR 2 mm, TR
3.1 ms,TE 24 1.55 ms, B¥¢ ff1 450, iR AT, 52
Ko 5 28 kA S AL EE R (0.15 mmol/kg, AR 2
O HEZ EE ) ZER 10 min JFETHS, IE
BRHETF AN SECR , HRPE O | =G RO
JeL Al 22 1 SRR LT Dy A A AT 1R 300 mmx300 mmx
8 mm, A& 300 mmx300 mmx10 mm; K% |
EM% 1.6 mmx1.9 mmx8 mm, HAFE% 1.6 mmx
1.9 mmx10 mm ;5% 188x117, 46 HJZ M HE 2 mm),
TR 7 6.1 ms,TE 24 3.0 ms, BI¥% ff 250 %38 il %
8] 38 2ok 3 2l 30 WU 5 0 28 IR R A

2. 0L SR Ko I fEME . R CMR
FUSRAE ] CVI42 SR S0 LN A2 | 7R & 5K AR B K
F 3l /a) 0 BRI S B ZE I 3T T3 %
1E, A SUE L A Eh TR 2SO0 & O WL AR
5 B0 WL A2 2 5506 35 7 5K 1 (diastolic-, D-) 1Y
UG {H 4% W] W 2% K (radial strain rate, RSR) W& ({H [F J#]
I AF % (circumferential strain rate, CSR) 5 16 {H
iﬂﬂ@ﬁyﬁ%(longimdinal strain rate, LSR), 77 Z-48
({2, RSR K (48 XHE /N ), LK CSR Al LSR #
IN(HERHE BN ) RER A EF IR IR S
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4, GEiteF b B, () SPSS FA X BT A5 i Hi s
HEATHEIT 225 M, % S e fift A AR 1 25 0K
o3 AR A R AN E Sy s, ST A
K 50 He A2 HOM 550 B[] DA K 2 Bl e v s KL
W SRR A1) R I EF sk Th e 25 57 AR =
FEOrHT ELER 2 FiFs B R 43 1 AS [R]SI 4H 8] 7 & 5k T
AB2E 5, FHEME WA 43 B AS [a] U [ 22 55 67 5K )
REIR] B AR DG L P<0.05 BFIA R 22 578 G it 2% 3 3L,
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160 1 8 &, B 97 #1(60.6% ) , V¥ 4F %
H(53.9+15.2) %, H A A & il L (n=108,67.5% )
M R 1 R (n=123,76.9% ) # % | HoAlh &
ARG R GBI 2 R

= A ET Ik D AR O R R AR SR

HCM % #9 D-RSR 4 % {5 . D-CSR 1 D-LSR
RO IR o REAIG (P ¥9<0.001) (W3R 3)

HCM A 7] 0 ULRE J& &8 457 43 7 [a] £F 5K 1990 1L
SR EHE (4 XHE ) o A B 1 TR AR ] 43 ] Y
#F5K 1 RSR \CSR f71£ b # 22 H (F=6.46 ,P<0.001 ;
F=3.00,P=0.008) , 1M AN 6] 73 B[R] 1Y) LSR o 28 57 (F=
1.96,P=0.075), Hrh Jay 5 (] F 4 i AT & FiO
SRR JE 8 A D-RSR 48X {H [(1.56+0.64) s,

F 1 2 TSR XU 65 E &

ki) LSRR ES

2014 Ji2 ESC 45 5 AR R 2=1-0.998 w0

Hop WU R 50=]0.159 398 58 x 2% BES KL (mm)] - [0.002 942 71 x 22 % BERKIEFE >(mm?)] + [0.025 908 2 x
A2 b B (mm)] + [0.004 461 31 x fe KR F 2% il I8 K 22 (mmHg)] + [0.458 308 2 x L IR PERFE %S| +
[0.826 391 95 x ARFFLLYESE ML Bhid 3] + [0.716 503 61 x JCiEMERERIZE K] - [0.017 999 34 x i KITAGAEE (%))

2020 ML ACC/AHA #8m  DO IEMEIRIE S0 5 QdRe K 70 % BE I =30 mm ; QT MR 192 IR , AR FE 2 b % M0 a3, @ AE R 5 fh/ 72
0 U i = 15% ; @2 A e % 48 1 53 B <50% ; (D70 %8 0 S8 5 E I
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(1.36+0.56) s™'] F1 D-CSR # & [(0.78+0.25) s,

(0.76+0.20) s7].
F2 HCM B&Efxt BAMNEEHE (%)

. HCM B # X e 2
FELRFE (n=160) (n=50) P1H
RIS (%) 53.96£1521 5245+11.01  0.561
P51 97(60.63) 30(60.00) 0.937
7o ML 108(67.50) 0(0) <0.001
e JIG I 59(36.88) 0(0) <0.001
il R 5 17(10.63) 0(0) <0.001
LT RE AL S 8(5.00) 0(0) <0.001
AR5 2k 2 k0 B i 5(3.13) 0(0) <0.001
G 2 fiit B 1 2 R 21(13.13) 0(0) <0.001
TR 123(76.88) 0(0) <0.001

oD EERAM A B (mL)  102.62+12.12  105.34+10.33  0.514
OB AR AE M (L) 22.52+7.61 29.44+7.45  <0.001
Je i % Gl 53 K (%) 75.51+5.94  70.46+6.44  <0.001

£ 3 HCM E2EMXBAMNGTHRBOMEERLER

PSRN AE A HCM 4 (n=160) X IRZH (n=50) P1H

1 1) I BV 78 3R (s71) -1.27+0.60 -2.40+0.59  <0.001
(53] Ji W {1 78 6 (571 ) 0.71+0.24 1.22+0.25  <0.001
Bl U 1 AR R (7 0.52+0.24 0.89+0.20  <0.001

= A SCD AU 43 G [ 1) 2 0 =5 £F 5K T i

AN [R] IR BB 35 11 0 UL A5 2R DL ] 2~4

HEAE 2014 WL ESC 579,160 9 HCM B & A
27 11 (16.9% )t KU £ 55, 55 A0 XURS: #8 4 (133 ]
83.1% ) kb , H: D-RSR #86 % {8 . 35 141K (P<0.05),
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1M P [ B D-CSR \D-LSR K225 (L& 4),

D-RSR
D-CSR
2 [D-Lsk

5 28
B1 ARESE HCM 5% SR HEH

&4 2014 ESC &M SCD TRk B & B
AR EA O LR 2 FE L AR

(92N e LS
N \\7?':5%
SRS IS S o E

RN AZ R (s ~1.3140.62  -1.06+0.48 1.99 0.048
BRI EERER (1) 0724024 0.65+0.25 -1.29 0.201
KA N (s1)  0.52+40.23  0.54+0.29 0.40 0.691

R4 2020 ML ACC/AHA 1875 ,160 ] HCM

H B 61 % IR MR AR R K2 3 BE TR O 20 mm, SE 38 5 Ak /78 % 0 LB N 9.64% , T8 U IR PR FE S8 TR st Al F St & e 3
T ANTC A B K . D-RSR \D-CSR #1 D-LSR 43 28-1.28 s7.0.7 s7 #1 0.34 s, A4 2020 ML ACC/AHA 6 Rl 2014 W ESC 18/ , 1% & &

TR AR SEAR KRS

2 2FiEmRNKEEENELF I (A~C) ERBWHFF (D~F)FO A ERL;RE (G~)
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LB 2,53 2 R s 1) I 2 R IR 4 K 72 5 BE LB 0 18 mm, FEIR SR AL/ 28 S O WU N 13.91% , A7 O IR PE B SE R ik s | o AR FR 8k &
PR Bt HORGIE ff BE A2 K, D-RSR \D-CSR M D-LSR 437 591°47-0.94 s7.0.6 s #10.39 s, M4 2014 i ESC #8775 # A0 YR ZE BEAIG K
[ AR 2020 ML ACC/AHA T8, i 85 O i KUK

E3 2#iEEREAEEENBEFI(A-C) EREBNLFT (D~F)MOANMNTRFRE(G~I)

VB 4,42 % YRS VR S ] B AT R B K 25 A RE TR O 30 mm, E IR R Ab/ZE 5 0 WU R R 31.28% , A5 D IR PERTE F s e AR R e s bk
Bl ik A JC L A BE Y BR . D-RSR \D-CSR Hl D-LSR 43 5124-0.5 s7.0.35 s A1 0.33 s7'. 4 2020 it ACC/AHA #57 Fll 2014 Wiz ESC #7 ,1%
ER O VR A BB KR

4 2TIEEENKEEENBEEFS (A-C) ERBELFEF (D~F)M O MERFRE (G-I)



+ 322 -

H A 92 411 (57.5% ) e KU B 3, 5 A RURS: B
(68,42.5% ) kb, H: D-RSR .D-CSR 1 D-LSR ¥ &
EREAR(P<0.05) (WL 5),
% 5 2020 ACC/AHA 385 # SCD A E XUk
B O AF R 0 BILRE 25 3R L B
TR mAR

moniEE 08 BN i P
PR A (s1)  -1.53+0.58 -1.08+0.55  5.03 <0.001
PR U L 72 K (s7)  0.80+£0.22  0.64+0.24 -4.14 <0.001
KRR (s1)  0.58+0.20  0.48+0.26 -2.49 0.014

R 2 FhdE r A 160 44 835 70k 3 A,
TAAEAE 2014 JR ESC 48 B H 24 i KURSE T AE 2020
FACC/AHA #8 F R AR XU 19 28 5 Rt 21 1
2 B AR R RO TR R SEAR KU 1 R (n=
68,42.5%), W41 2 F7E 2014 ML ESC #5 r AL
AU T #E 2020 B ACC/AHA $8 B Hh ks KURS: 1) A8
# (n=65,40.6%) , W41 3 A7 2 Frdg ra 3400 5
PEPESE R B I B HE (n=27,169%), 3 4LIE][H D-
RSR.D-CSR .D-LSR ¥JfF7E i & 2% (P $1<0.05),
WEZH 2 MO 3 1A SR L X AE I B 20 1 0 3

FEAR (L 6)

x6 AREREERHCM BEEFRKPOINMERM LR
et o WAL A2 WAL

T K0 LR A8 2 (n=68) (n=63) (n=27) PE

T RVEFN R (s1) ~1.5320.58 ~1.0820.58 —1.06£0.48 <0.001
DI E 5 (1) 0.80£0.22  0.6420.24  0.65:0.25 <0.001
KGR (s1)  0.58£0.20 0465025 0.54:0.29 0016
PO O T A BE A I DR 3R ) A % T K D fE 1Y
Al
TEAT To O IRMERRFEFE I PR 3R 1 HCM B8 3% 22 [1]
A ET SR AR A2 S L3 7, Hoh e R AE & BE TR
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B (maximum left ventricular wall thickness, MLVWT)
=30 mm B HE WO NN A% 5 MLVWT<
30 mm I8 E HH HE 48 XA 25 FE AR (P 34<0.05) ;
FEIR 5 AL/ 72 % 0 WUBT B (late gadolinium enhance-
ment/left ventricle mass, LGE/LVM) HAH = 15% 11 (&
& &7 5k 10 LR AR R4 4E e LGE/LVM HefE <
15% 1) f8 350, 1 3 1K (P #4<0.05) . R Il 1
ST ARG KR 5 & RN AR R X R KM,
MLVWT X LGE/LVM Lt{H 5 &F ik 3 A~ 75 ) i A%
R FEROC, M RE r 4 RSR: 0.48/0.35, CSR:
-0.42/-0.31, LSR: —0.37/-0.16(P <0.05) ; /£ b7 HL. 4%
5 D-RSR M D-CSR . M % | 1l 5 D-LSR B ¥ A
AHOGHE ;20 22 it Hh I TR 25 5 67 9 01 0 AR R ) 4 % A
FHEHE (WL 8),

i

it

AHEGE AT HCM 855 52 T CMR %7 5K SR

Ja kB, OFCEEKIAES X A 3 A
] (14 &F 5K 30 7 7 3 25 % (B 1 W 2 R AR, QAR 4
2014 i ESC 1 2020 Wi ACC/AHA 6 B 70 2K 1 =
SCD KRS 83 H A s EF sk Ui pe sz ™ AR B
i FAK SCD KB B3, HLAE 2 Fh48 w40 KA ]
(2014 Wt ESC #8 MK 2020 Bt ACC/AHA 15
A e AU, ) 8 3 | LR ok D) e A 0 R B
T2 PR AR AU R S 2 R R
e AU B S8 AR 5 B LAY 4 A R 3R
A MLVWT =30 mm 1 LGE/LVM {8 =15%1
B A E R K W N E | H S E

&b v
HE S

R7 HCM BEBEFRPLNEEXZERRRBRERSRFAILLE

ER SRS D-RSR(s™) ¢ fE P  D-CSR(s")  ¢fH Pfi  D-ISR(s") fi  PMH
MLVWT<30 mm(n=129) ~1.37+0.60 457  <0.001  0.74£024 -3.74  <0.001  0.55+021  -3.17 <0.001
MLVWT=30 mm(n=31) —0.85+0.41 0.57+0.21 0.40+0.33
75 B HAZ <40 mm(n=27) -1.41+0.69 1.38 0.160  0.77+0.28  -1.58 0.117  0.52+0.27 0.04  0.965
72 53 HAZ =40 mm(n=133) —1.24+0.58 0.69+0.23 0.52+0.24
Je % P AL I R 22 <30 mmHG (n=56) -1.14+0.60  -1.99 0.048  0.68+0.27 1.17 0.244  0.51x0.22 0.60  0.548
Fe % AN K 22 =30 mmHG (n=104) ~1.34+0.60 0.72+0.23 0.530.25
LGE/LVM A <15% (n=87) -1.4620.63 463  <0.001 0.77£024 -3.56  <0.001  0.55x024 -1.77  0.024
LGE/LVM HAE = 15%(n=73) -1.04+0.49 0.64+0.22 0.49+0.24

MLVWT ; e K 2 %8 BEJSL B LOE/LVM ; 4 38 58 Ak A2 % 0 LB &t
=8 MEALDH HCM EEFKBLONETEMAREREZNXFR
e MLVWT Je b HAR e a5 i 22 LGE/LVM Lt fE
EERN
B P1H B PMH B Pl B P1H
D-RSR 0.48 <0.001 0.29 <0.001 -0.07 0.388 0.35 <0.001
D-CSR -0.42 <0.001 -0.29 <0.001 0.03 0.722 -0.31 <0.001
D-LSR -0.37 <0.001 -0.13 0.108 -0.04 0.614 -0.16 0.046

MLVWT ; fie K A 5 BEJR B LGE/LVM : ZE R 5 Ak /26 =5 0 L = LU AR,
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— (CMR 0> LT 5k I AE 3R (1% 5 22 2 S

O LR AR AR ER T 0 L BE LT 3k 2 e i R 3
(AEAR A E b IO AL SR AR T HAR (b 11 e
S URL AR A LG SR 32 0 AILEE Bl Bl 552 i 420
TEREAS 2o 0 Z A A TR 34 5] | HLAR AR B &
H AR SN0 T B R R AR A AR A AR
& Ge & 5K T REPPAL 4 b AR Skt B TE A1 1) &7 5K
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