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(1047.3443.7) ms: (1013.8426.9) ms,P=0.001; ECV {4:(28.2+4.7)% * (24.0£1.9)%,P < 0.001],
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Abstract Objective: The aim of this study was to investigate the diagnostic performance of myocardial native

T1 time, extracellular volume (ECV) and strain for differentiating hypertrophic cardiomyopathy (HCM) patients
from healthy volunteers and explore the relationships among them. Method: A total of 25 HCM patients and 28
healthy volunteers who underwent cardiovascular magnetic resonance (CMR) were enrolled in the present study.
CMR T1 mapping was performed with the Modified Look-Locker Inversion recovery (MOLLI) sequence in three
short-axis slices (apex, mid and basic ventricular levels). The myocardial T1 time and ECV were measured by
drawing region-of-interest (ROD in each segment of left ventricular three short-axis slices according to the Ameri-
can Heart Association (AHA) 16-segment model. Myocardial systolic strain,including left ventricular global longi-
tudinal (GLS) ,circumferential (GCS) and radial strain (GRS),were quantified using CMR cine images by feature
tracking analysis software. The differences of T1 time, ECV value and myocardial systolic strain were compared

between HCM patients and healthy volunteers,and their relationships were analyzed. Result: The mean left ventric-
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ular global native T1 time and ECV of HCM patients were significantly higher than that of control group[ (1047. 34
43.7) ms vs. (1013. 8+£26.9) ms.P=0.001 and (28.244.7)% vs. (24.0%1.9) % ,P<C0. 001, respectively ]. The
mean GLS and GCS in HCM patients were significantly lower than that in control group [(—13.643.7)% vs.
(—16.9%1.9)%,P<C0.001 and (—16.3+4.8)% vs. (—19.2+2.7)%,P =0.011,respectively]. In the multi-
variate regression analysis,the sex and GRS were independent determines for ECV in HCM patients (standardized
f=0.429,P=0.012 and standardized 3= —0. 471, P =0. 007, respectively). Compared with native T1 time and
myocardial strain, ROC curve analysis indicated that ECV provided greatest distinction between HCM patients and
controls (AUC=0. 846,P<C0.001). At the optimal cutoff value, ECV identified HCM patients with 80. 0% sensi-
tivity, 85. 7% specificity,83. 3% positive predictive value (PPV),and 82. 8% negative predictive value (NPV) ,re-
spectively. Conclusion;: The increased ECV in HCM patients reflected myocardial fibrosis. FT-CMR can be used as a
noninvasive tool for the quantification of myocardial deformation. The decreased GLS and GCS in HCM patients
with normal EF suggested that myocardial strain can detect systolic dysfunction earlier than EF. Gender and left

ventricular GRS were related to myocardial fibrosis in HCM patients. Myocardial ECV provided good diagnostic

performance for identifying HCM patients from healthy volunteers.

Key words cardiovascular magnetic resonance; T1 mapping;feature tracking; hypertrophic cardiomyopathy
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o B8 v L | S Bl DK e A A 5 R Y0 IE R . HE
B et AR 3l Bk et kO 3 52 7R A e 0 30 CMR
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HIF R E A,
1.2 CMR

FHE R 1. 5-T #3498 (MAGNETOM Aecra,
Siemens Healthcare, Erlangen, Germany) ¥ %,
O FEL 52 AR SR HF 5 A2 28 A R 3l (balanced
steady-state free precession, bSSFP) ¥ %1 , 13 i &
PR A R s O R A 2 2 A O
G HIE S8R - 5 2 B 8] (repetition time,
TR)/ [al 3 i} A] Cecho time, TE) 2. 9/1. 2 ms, 2%
6 mm, L ¥ (field-of-view, FOV) 360 X 270 mm?,
FEFE 186 X 256 18 R MBI M 80°, #14H T1 map-
ping 3 # K H 2t B 89 Look-Locker & ¥ 1k &
(Modified Look-Locker Inversion recovery, MOL-
LD 751, 574 [l 6 5 70 28 B B L rh i) BE AL 2R
B — 2 EM& . T1 mapping Hi S KT . TR/
TE 3.8/1.1 ms, JZJ& 8 mm, FOV 360 X 270
mm®  FHFF 144 X 256 1R 3K, B f1 35°F14 4 i 1)
NAL AL B 2 K L X SR (Mag-

nevist, Bayer Healthcare,Germany) , {5 # i 0. 2
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mmol/kg, Fiif 2 ml/s, T H5E G ES 15 ml 0. 9%
SACEN I PE . FESXT RS 10 min 47 4ER B 3R
. T 5 R A AL U R 7% K 5 (phase sen-
sitive inversion recovery, PSIR) %], Z 40 T .
TR/TE 12.4/1.2 ms,J2)8& 8§ mm,FOV 360 X270
mm” , 5 256 X 192 R Z FI B f 407, XF HERITE
51 15 min 57158 )5 T1 mapping 4, HHE 10
SRR AT T1 mapping, 76 CMR 5 5 jif il
WG T A5 K i DU B i 48 B b 4§ ( Hematocrit,
HCT),

1.3 CMR E& 5

1.3.1 LUReRyill & fr i CMR B 4E 2 L0
B9 T AE ¥l (Siemens Healthcare, Erlangen, Germa-
ny) JH Argus B AFAT 0D HE 73 . B A 3 2) i
A g AL L 5 TRAGG WLI L oA JBEFLC A B 30 7
(AR . B 3h 72 A & T 3317 8
G o A R NN e 2 PRl 12
(LVEF) W4 K 1] 25 #1458 2 (end-systolic volume
index, ESVD) | &F 5K A 9] 7 F48 %L Cend-diastolic
volume index, EDVD) | % 4 H i 45 £ (stroke vol-
ume index,SVD) ,.[» LT & #8 4L (myocardial mass
index, MMD) #1.0» B 48 4 (cardiac index,CD), 7E T
PEuh Bl HCM 83 d5c J2 40 WU TSR B2 . 76 s
A (left atrium volume, LAV) 43 #7183 5 30 &)
A 4 A B o o o PR 30 R O A 5 i e ok A
OHOWE, AR AEBITAE AKX LAV=0.85X
AXAZ/LH o A Dy 7 2 DU 7 0 o T AR
A2 N 7eE T el R AL L A
FVL o0 v e R A2 O R AR

1.3.2 DN ZE S EC I & Ko IR Bl =
RPN A B A A Y R e A
LR S 43 B 844 (C V142, Circle, Calgary, Can-
ada) PEAT IV A8 3 Mr . % BB Schuster 265 1§ 3AR f9 7
2 T Bl ) A AR R A0 LA O R RLG A1
JEE 1 B B Bl 36 BRSO Bl A 0 LA B O
A T 5 A = RGN 1) [ J) (global longitudinal
strain, GLS) . J& [ i Jj (global circumferential
strain, GCS) F1 42 1] if JJ (global radial strain,
GRS) (K 1),

1.3.3 0L T BRI ECV M & AR 4 38 F
O IE P2 (American Heart Association, AHA) 0>
WL 16 Bt F 2 ) g Bt (LB S8R X (re-
gion-of-interest, ROD) , M & 4F B 0> L4 538 [y | 1 58
Ja TLAHEA40 A 28 BLCEC V) fE . o T 3hE %034 43
25 FURONE I i B S A R0 AR AL A B i B
Wt L )2 . BrE B it 5O LY SR A L 3G 5
Ja TUAEM ECV A, 4 JH T i 85k i 05 vk
&L T & ECV .,

1.4 Giilsfhba

i A B dE i OE & MK 5 R L Kolmogorov-
Smirnov Ki %y, EZMWEERRN 2 £, KA
RN A Sy L EOI A PR I 2 1 AR o R] Y L AR
KM ST EEAR T K5 5k Mann-Whitney U # &;,
KRR E Fisher B YA R k347 9 432K
s A A LA . SR B R 22 IR 2R ek [l 15 (&
¥ 4r Bt HCM % ECV By 2l 57 A ¢ %
ROC £ 4347 Lo T1 B 5] \ECV FLO LI 4 1
X HCM 112 Wi & 6e  IF 11 512 W 09 SOk L 4
S | BH A OIS BOAE . SR FH AL A OC &R
%7 (intraclass correlation coefficient, ICC) 43 #f >
LT )AL ECV {F i WL 52 25 A FUL %2 35 [i] ) 78
S Gt 2E 4 Mok 804 1BM SPSS Statistics
21(IBM Corp. , Armonk, NY, USA) #l MedCalc
16.2. 0 ( MedCalc Software, Mariakerke, Bel-
gium) , P<C0. 05 RnE R AL IT¥E L.

avbyc 43 e EE YN ] | A ) AR 1] O JILER 2800 78 1Y 3B B AR
JBE s d et 43 03 S 22 Z Gk ] ] 1] AR e LR A8 4 24 TR AT
BRZE%E 16 Boo WU AL (6 s g b 20 B D9 ZE s 4 e LA
[ A2 1] F8 T [ - JUL WS 455 A {0 7 228 T 2R 1)
B1 HCM BEAEOCAKERTHNE
Figure 1 The measurement of left ventricular myocardi-

al systolic strain in patients with HCM

2 #R
2.1 ARG RAF A

WX G B A RAF A UL 1, HCM 41 fn
X HEZH (S 35 4 % P BMILL D 3R HCT Fiik
A (body surface area, BSA) 2 R LG i1 2 X
(¥ P>0.05), HCM H & By R K5 22 1) (8] 29
5.6 4F, HCM B #H &0 5 Wi dh (s 8D .0 T g
FRINIRH A E LR 1,
2.2 CMR B

XFHEZH A HCM 20 /9 CMR 250 E WL 3% 2,
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HCM 4 LVEF & TXRA, ZFAHS %5 X
(P =0.042), HCM 4 > Wl & K& . MMI Fl
LAVI¥E X4, 2R A5 TFE L P<
0.001),

F1 FARIGHERIGEKRTF=R
Table 1 Demographics of the study population
TEs
X R 4 HCM #

A 28 f) (25 B P i
iR/ % 48.7410.3  50.4%+11.7  0.581
S/ 21(75.0) 18(72.0) 0. 805
BMI/(kg + m™?) 24.5+2.8 25.9+3.7 0.109
BSA/m? 1.8+0.1 1.94+0.2 0.164
/(K min™ 1) 64.8+10.1 66.9412.0  0.486
HCT/ % 43.243.6  42.8+5.3  0.696
WA /A C 6D 3(10.7) 9(36.0) 0.062
R IR /9 06 0(0) 12(48.0)  <<0.001
Wl PRI /11 (0> 0(0) 2(8.0) 0.218
R LG /490 C 6 0(0) 4(16.0) 0.043
FME /005 0(0) 1(4.0) 0.472
HE AR B2 B 1] /47 — 5.645.2 —
B 8L/ 4510 (0% — 1(4.0) —
e 3 i HE AR R/ (%) — 8(32.0) —
ARB/ACEL/#1 (%) — 14(56. 0) —

B 2 A BELEH 0]/ 41 C 20D — 21(84.0) —
FFR A /450 26 — 9(36.0) —
5 386 T BEL #E 7 / 490 € 90 — 6(24.0) —

NYHA : 4 2.0 Ik p 25 5 ARB/ACEL: Il % % 5k & 32 &
EL 7 751/ 1L A5 5 K 3% 2 96 il 441 551

O WU 48 I AS 40 A 2 s, HCM 4 19 A2 0 &
GLS 1 GCS ik TXH R4, 2 R B G2 X
(P<<0.05), HCM 4119 GRS 5xf 4l 2= % L4
PR E (P =0.793),% 2,

HCM A 42 S 3R w1 46 T1 BEHE A1 ECV

HETXRA. ZRH5 %8 L (P<0.05),
HCM 20 () A2 =335 T1 W) 5% BH 2% % T4
PHFE (P =0.078),% 2,

HCM H# 15 il (60 %) B #F 4 L UL LGE,
HCM BE A 22 4 5. 5%) LT Bt THh e 52
W2 W g HERR . HCM 4 s 61 O L B &
LGE 1 317 A0 LW BEA % LGE 498 A 53
Mr(% 3). HCM B& & LGE fiAHE LGE B0
WL BEAY -4 bk T1 ) Fn ECV {34 5 F % 1]
H,EZFAG %3 L (P<0.001), HCM B &t
% LGE B0 AL BE 41 4 T1 B [a]F1 ECV A
BETAEE LGEWONM TR, ZR A58
X (P<C0.001),

R2 HRIIRH CMR SHHE
Table 2 CMR parameters of the study population

TEs
. Xif HE 4 HCM 4
e (28 i) (25 B P
LVEF/% 59.4+4.6  66.6+16.4 0. 042
LVEDVI/(ml * m ?) 65.0+13.0 57.2+24.6 0. 146
LVESVI/(ml * m 2) 26.9+7.2  20.1+21.7 0.123
LVSVI/(ml « m~2) 38.1+6.9  37.0+11.1 0. 670
LVCI/(L + min~! + m~2)  2.44+0.5 2.44+0.8 0.903
LVMMI/(g * m %) 66.9+7.8 111.7+52.7  <0.001
R A E R E /mm 9.1+1.1  21.3+4.7 <0. 001
LAVI/(ml e+ m~?) 84.0422.7 134.2464.1  <C0.001
LVGLS/ % —16.941.9 —13.643.7 <0. 001
LVGCS/ % —19.24+2.7 —16.3+4.8 0.011
LVGRS/ % 43.9+11.0 45.0%18.7 0.793
LGE/#I (%) 0€0) 15(60. 0) <<0. 001

H1 4k T1 WA/ ms 1013.8+26.91047.3+£43.7 0. 001
WER 5 T1 ) /ms

ECV/%
LAVI. £ R

462.3+18.8 444.3+46.2 0.078

24.0+£1.9 28.2+4.7  <C0.001

#£3 HCM AWBELETEFMIERATERN T1 BHEF ECV 53R AR

Table 3 Comparisons of T1 time and ECV between controls and segments with and without LGE in HCM patients

Tt
skt R4 (28 ) HCM 4125 B P i
& LGE L L7 B A4 LGE LWL Bt
O WU BB/ A 448 61 317
WG T1 A1)/ ms 1013.8437.7 1089. 1+76. 2" 1041. 8+46. 3% <<0. 001
ECV/% 24.04£2.5 37.3£7.4Y 26.443.7"% <<0. 001

5 A A, P<<0.001; 5% LGE DAL B %, 2 P<<0. 001,

2.3 DL ECV . O I BE RN A8 88 1Y 5 &
PAR LR H BoR, DAL ECV 5¥: 5] .8 %
PREHME ] /2% EF . .ESVI.LGE.GCS il GRS B4

A, #E— 47 2 AR B2 BUA 2 87 o ECV
5300 5P A GRS H A M7 ARG (hrifEfk =
0.429,P =0.012 FfiAr ik B= — 0.471, P =
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0.007), A F&MERIHaE/xR, £%E GLS 5
NYHA O Uifig fil EF (B A7 3l 57 A8 OGP (bR 4k B
=0.373, P =0.020 flbpfifb p= —0.544, P =
0.001), &% GCS 5 NYHA O3 fie f1 EF {d &
A oph ST A e v (BREAL B=0. 419, P =0. 007 Fl4R
HEfL B=—0.523, P =0.001), 7% GRS 51
J5 T1 WAL AT EF (82 A 2h S A G v (bRt =
0.528, P = 0.002 Fl 45 #fEfb B= — 0.400, P =
0.012),
2.4 CMR )iz Wi i

# HCM 4 fn xf B8 41 B9 LVEF, %t iR 34 55
(LGE) . #ltfy T1 whiE, #458 /5 T1 B A, ECV,
GLS.GCS #l GRS #1417 ROC £ 43 #r (& 2) , 4%
RWRA%E EF.LGE #145 T1 B[] \JECV . GLS
GCS W HCM Hfigit2E L (R b, £A=E DL
ML ECV RIh e K912 Wi &g (AUC=0. 846, P
<0.001),ECV £ W HCM 1y 8% 45 5 0L 1H
PE T AE (PPV) F1BA P 000 {E (NPV) 43 31
80.0% .85. 7% .83. 3% F1 82. 8%,
2.5 W EEWHS

REALZER T 15 A B E AT EE .
ECV il 15 % WL 22 35 N F1 W 22 3 8] 1) 1CC 1 95 %
CI 435k 0.988(95%CI ;0. 964,0.996) F1 0. 977

(95%CI:0.933,0.992), #)J4H T1 A} [E) M & A9 W
22 N HDIR 3 (8] i ICC F1 95 % CT 43 %1k 0. 978
(95%CI:0. 935,0.992) F11 0. 978 (95% CI : 0. 936,
0.993),

1.0

0.8

commnt
4

/ —- EF
i —- LGE
, — --- Native T1
,:_ - — ECV
o1 0 e GLS

.- —  GCS

0 0.2 0.4 0.6 08 10
1- R0
B2 ROC fiZ5# BRAEE CMR S5 115 B 28k
Figure 2 ROC curve showed the diagnostic performance

of CMR parameters in HCM patients

&4 CMR ZH3 HCM 2 i (&
Table 4 Diagnostic performance of CMR parameters for HCM patients

12y T AUC P BUREOSUCD /% FERMEOS%NCD /% PPVOS%CD /% NPV(95%CD /%
LVEF 65% 0.727  0.005  72.0(50.6~87.9)  92.9(76.5~99.1)  90.0(68.3~98.8)  78.8(61.1~91.0)
LGE 0.800 <<0.001 60.0(38.7~78.9) 100.0(87.7~100.0) 100.0(78.2~100.0) 73.7(56.9~86.6)
WG T1A4 1011.8 ms 0.798 <C0.001  92.0(74.0~99.0)  60.7(40.6~78.5)  67.6(49.5~82.6)  89.5(66.9~98.7)
SR JE T1{H 0.413  0.277
ECV 25.2%  0.846 <C0.001  80.0(59.3~93.2)  85.7(67.3~96.0)  83.3(62.6~95.3)  82.8(64.2~94.2)
LVGLS —15.5%  0.791 <C0.001  72.0(50.6~87.9)  75.0(55.1~89.3)  72.0(50.6~87.9)  75.0(55.1~89.3)
LVGCS —19.2%  0.682  0.023  76.0(54.9~90.6)  57.1(37.2~75.5)  61.3(42.2~78.2)  72.7(49.8~89.3)
LVGRS 0.530  0.708
3 it mFIE) b 22 5 Ll ad T1 B fal At HCT 331 ECV

ARBFFE R . HCM 53 19 A2 5 38 R 350 1
ECV {HE X AT, BUE LGE B0 WLy B 1
X ECV A/ T X B4 . 45 488 HCM B
FEAETRIE O LEF 44k, 78 HCM B # £ = V1
EF RFEMAE T, A% F ¥ GLS fil GCS X}
REZH DA, 2 B 22 =0 LN A2 g 4 EF 38 B M 2
W0 WL 46 D) BE B A . 22 748 o 2R Pk [ml 3 20 AT R
O JILEF 4 Ak 5 PE 5 F1 GRS B 40 1. ROC il
Lot in ECV & HAh CMR 8 b5 X HCM AT
T 2 Wi A .

CMR T1 mapping 52 B0 JJLZH 221 A 5] 9h )
s At ] BRSO L ST A Y AR (L R B T

R mAl AR B B P k. Bk, CMR T1 map-
ping 1 ECV BB ¥R #b LGE 19 Jm BR 1 , FH ok & B F
fli AN [ S P A RE B (R R i@ e O L EF i fb . DIfEZ
AR E L UESZ L T1 B E] A1 ECV 5.0 4 B
K B a0 DL ZF 4tk BA R A R
PELE L Diao 28U 3 1k X 22 W 5E HE AT 25 AR
Mr&B, 5.0 00 T1 &R AR e, ECV 590 B 4] 412
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