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(WEAEFKRFE—HWEERESHEA, =8 LW 650032 2) 2 NE —ARERE S HI1E
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(E] HG  RADBEREILR (CMR) 432 R 2R 3 AR PEAS fE 88 A0 R FLGE B HOM B34 720 O
WMIhaeAs ik, IR HCM B A DHIET LGE WM £, Jitk  BIEPEgA 2017 45 1 A E 202049 A
1R BER K — MR ERi 52 CMR KA Ay HCM JEE 61 6], 4584 . o BIAH DD 4 fd B XS RB 2 49 . 3
BHILOHNET LGE, ¥ HCM BE N OMIE T LGE4H(G1L 4, n=40) L AR FLGE (G2 4, n=21).
K CMR 43 J2 A8 4 AR FREAS 0 380 WU ARG i) 157 28 (GLS) FILC P JBE R DA 11 47 25 (endoLS).  HL#E_E ik 3 46 .00l
GEMy . HRELA R A BHES . RIWHAEE LW E Logistic [11743Hr HCM B .OWN T LGE &4 <7 16
B R, JFilad 2 E BAVERHE (ROC) I IPAL UM AL EE . 854 G2 41 GLS. endoLS % G1 4 At IR 4 2%
WA (GLS: —10.57% + 2.56% ) Vs. ~12.53% £ 2.49% ;) Vs. =17.35% £ 1.77% 34 gy )» endoLS: —10.35% = 2.47%5),

HCM B4 0 WIEF LGE & iy S7 fEF K % (OR = 1.696, P=0.001), FIL.CHIE T LGE & 4 il fl 28 T i A1
(AUC)/0.852, #RMI{H N-11.87%, REEH 81.0%, TN 85.0%. &5 CMR 732N AEFEHR endolS AEHS
FLR HOM B0 B N IhRER RS, nRESE HCM B E.LWNAR N LGE &4 M BRAE T 4% o
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Predictive Value of CMR Layer-Specific Longitudinal
Strain for Endocardial LGE in
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[Abstract] Objective  This study aims to evaluate the left ventricular myocardial function in HCM patients
with or without subendocardial LGE by cardiac magnetic resonance (CMR) layer—specific strain technology and to
explore the factors for predicting subendocardial LGE in HCM patients. Methods A retrospective study was
conducted on 61 patients with HCM who underwent CMR imaging at the First Affiliated Hospital of Kunming Medical
University from January 2017 to September 2020, with 49 healthy controls matched for age and gender. The HCM

patients were divided into a group without subendocardial LGE (G1 group, 7 =40) and a group with subendocardial
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LGE (G2 group, n =21). CMR-based feature tracking was used to obtain global longitudinal strain (GLS) and
endocardial longitudinal strain ( endoLS) of the left ventricular myocardium. Differences in cardiac structure,
function, and strain parameters among the three groups were compared. Univariate and multivariate logistic
regression analyses were used to identify independent risk factors for subendocardial LGE in HCM patients, and the
GLS and
endoLS were significantly lower in G2 than those in G1 and control group (GLS: -10.57% %2.56% ) Vs. —
12.53% +2.49% ;) Vs. =17.35% £ 1.77% gpro1s)» €ndoLS: —10.35% + 2.47% 5 Vs. =13.60% + 2.52%;,,Vs. -
18.58% + 1.86% ( .onroie)» all P < 0.001) . Multivariate Logistic regression analysis showed that endoLS was an
independent risk factor for subendocardial LGE in HCM patients ( OR = 1.696, P = 0.001). The area under the
curve (AUC) for predicting subendocardial LGE was 0.852, the cutoff value was —11.87%, the sensitivity was

predictive performance was assessed using receiver operating characteristic ( ROC) curve. Results

81.0% and the specificity was 85.0%. Conclusion CMR-layered strain index endoLS can identify early

dysfunction of the endocardium in HCM patients, and may be an ideal predictor for the occurrence of endocardial

LGE in HCM patients.
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A JE Y0 L% (hypertrophic cardiomyopathy,
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SEBAER, BN 1/500 ~ 1720017, L UL
4k AL HCM 522 (1) 95 BHLAE BRRRAE , AT LAGE i o0
I 7% 3 9% (cardiac magnetic resonance, CMR) %L 2E
R 58 1k (late gadolinium enhancement, LGE) £ AN
B 8 H HCM 9 LGE Z 47 TALE LU= . (2
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AR E . BEAERFFEE  BAET 0 IR A
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1.1 —fREN

[l JE PR 43 B 2017 4 1 H 2 2020 42 9 AR
W SRl 2 55 — B = Be 4532 CMR i A8 1 HCM
B 61 ], IANRHE: FF4 (2020 4 AHA/ACC
NEJERLC UK IZ W BAGITHREE ) 1 s Widsife,
B CMR 27 o0 3 &7 sk AR WA i o & e ST =
15 mm, [A] B HE R H A R 5 1 R 22 =5 0 JEE A9 0 1 4
P 4 B PR (BN s il e | 3 sh DBk 4
O NETE R FEAR S ). HEBRPRAE: (1) A MBI EE A
AL 28 I BAEAEC LR M T4 Cnc JUULAS 2
HIFE . BRI O R 2 AR ) BFHCM B, 91T
FEAR B CT & R E s, KRzl 1
SRR Bl KO 7 =50%; (2) BRAE O I ZE 5 5L
() B IFFERME . "HOFRKRE; (4)IFER<18 %
B>60 % ; (5)BRE T ERFEBAAR; (6) 6.0
AHREBERE , RIEA L kAL NIET LGE ¥
HCM B &5 A 2 4, RIEOMBET LGE 4
(G144, n=40) FLLHNE TFTLGEAH (G241, n=
21). HCM B0 NI LGE f& 35 38 58tk 2h bk At i
DX 343 A 1140 P9 ST BE >tk B R R AR 5k 2
50 IUBEBE > N BT A5 tR B30 B M 3R 5 AL AN [W]
Ja# 5 CHER AR B KA i X A — 3, X
P8 21 Ay A i R0 P ) FF DC BC B 48 E R AE N 49
CMR o5, o0 MBI ARG L . ARFTRIRE
W BB K 27 5 — B 5 e A 3 25 D1 254t vfE (2022
L-231), fArni 8 E BB MG R E .
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FEACH R ] PASS 11 8biEAT, BOE R K
HER 0.05, KIRLEE R 90%, KFECH 3, FEA
SyHC H B & AR, ARAEERTEMEIE, IERA
LGE(-) 41 . LGE(+) 410> WL AR A 1] 1 A% ( global
longitudinal strain, GLS) ¥ {H & -18.2. -16.3.
-13.14, pR#EZER 2.1, 3.9, 32, RAIHHEGH]
T fe/ NREAS RN 19 41
12 WEFE

AT R34 T T CMR AR O s G A,
2 TR A (] B s ) /N T 3 s

(1)CMR Hi#r: R 22 CFH Achieva 3.0T
MR 1 #5 1% ( Achieva, Philips Healthcare, Nether—
land), 16 i 18 R HARPERE O NEZR IS, O r 1] 54
Ro CMR RGO A REAHR = 2548 M 7 17
PHFIEHE: OEZFY], @ PR A W
B P RAGAR O IEZE D KA (2 L 3
B L 4 L) R A BRI L B . LYY
5 1) AR S B4 55 TRITE 3.2/1.6 ms, ¥ fA
45°, PLEF 320 mm x 320 mm, FFF 160x 172, )2
J& 8 mm, JZ[AME 2 mm, HEMFHE 25; @LGE
o, i 8 &L X L3R (0.15 mmol/kg, Gadovist,
Bayer Healthcare, Germany) 10 ~ 15 min J5, >k H]
AR R SR 2 e 9 IR S, SRR 2 T 5 0
s R AR ], AdE A O @ KA S A s
i, LGE Feol iSRS 4% TR/TE 6.1/3.0 ms,
SR 25, FLEF 320 mm x 320 mm, FE % 200 x
152, JZJE 8 mm, JZ[A]HE 2 mm,

() L ah A SR 22 A EPIQ
TCHEAEZWAL, M5S K (JA1.5 ~ 5.0 MHz).
WA 6 [ S OB [ 2 o 4R e Y, T i 2
TR 5 Y TN R AU B I H TE R T B 22 (A
O3 U TR D B 22 2R 00 55 0 R D, 4%
LN 200 28 00 T e T B 25 =30 mmHg # E X
Ry A3 ik T AR R
1.3 BEfRE4E

CMR B4 ] CVT 42 J5 A B (Cirele Car—
diovascular Imaging, JINEE ) X EMEIELT /00791

(1) L>IHAESMHT: Short 3D b, F ok eg
SRR A Bl /) 1 A0 0 2 W R RN & TR AR YO
PIIEE . D AR AE B (B F TACIE), FEAshE
WALERS LIRS E, . AUERKE
B# J& J& ( left ventricular maximum wall thickness,
LVMWT), £ .0 % 0 WL & (left ventricular mass,
LVM), 720 % &F 5 R W 45 B (left ventricular end—
diastolic volume, LVEDV), Z&.0>Z W %5 K &
(left ventricular end-systolic volume, LVESV), 7

O % 5 1 2 (left ventricular stroke volume,
LVSV), 720 % SF 1 73 %X (left ventricular ejection
fraction, LVEF)., LV mass, LVEDV, LVESV Hl
LVSV Fﬁﬁi%%ﬁfﬂ(body surface area, BSA) #4745
BACKIE, 2390 5% Ry Ac 0 % B i 6 2 (LV mass
index, LVMi), 7o &fskAR M A BUE L (LVEDV
index, LVEDVi), 7.0 % U 4 R 1) %5 BH 45 %L
(LVEDV index, LVESVi) #1702 B 48 4 ) 5 45
H(LVEDV index, LVSVi),

(2)3ER s b ortr: 2 4 EHA 5a Ll CMR
W20 0 T B A SR TR 125 23 ) AR B i 3 i
EEEFIR RSB CNET LGE, WA 1C, #
BB R A B — 3. HLUFS MR,
TR LGE MR F-aha) i A 2= DB AR
FORR, O WU BE B HAE # O WP 2445 5 0 B
6 MrEmZ W LGE FHM:, A st
LGE Jiit i Zc.0 % D U & A 43 e (%LGE) 12,

(3) O WL ZZE 43 #T : Tissue Tracking #& B o,
TR A AL (2 1 . 3 AN 4 5 ) WS BRI ET
SEARIATF-Bh Ay A E DN . D AMNERE R, R
(GRS RSB R N DB G A PN B e | 2 A s e A = M
O N IR 90 18] v 28 (endocardial longitudinal strain,
endoLS) Fl GLS ZH(5, ULIE 1D ~ 4 1L 4Ll it
RO A, AXHE BN, 2B WU 28
55, TEAWTSE P 04T 46 X0 (8 H A o
14 —ESH

BEHLAIB 20 BB F SR, St Ze DRSS
HGLS M endoLS M (A — Bk . MEE N —
FtE b hiIa] 144 BN A, X BRI 2 J4 S
BT s AR A —BE Tl o) 1 A BRI
TFEANNES 1 24 BT i 25 S A 1 000 A 70 4
1.5 Sit=abiE

K1 SPSS 23.0 B X B G HE AT e it .
FFE R AT BT 5 BB DL B+ B 25 (k2 s)
Lo, 2 HBLESAS R BRI kG5, 240
27 Y AR B R 2R 7 22 70 BT (ANOVA)
THECROR AL (%) 2R, W ILEBCR A x 2 K
Kool Fisher EHAMERL . N T HE 5 HCM LA
™ LGE ARG S fER N 3R, #F-4T T IR Z
K Logistic [\ 5047 . KRR & Logistic |l 5 43
Praiikh P<0.10 BAABA LR EP AL
KR Logistic MIHBIRLHT . >R ROC HiZeAnh
2N 1 FH (area under thecurve, AUC) TEA A0 ST G 6
PRI X5 NI R LGE YT ALRE o 200 280 LBE
BPONEEE N . WL TA) I £ 45 2R 1Y — Btk
25 9 AH 2 % %X (intraclass correlation coefficient,
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endoLS=—15.3%

lendoLS=-18.9%

GLS=-18.0% GLS=—14.5%

endoLS=-10.3%

GLS=-11.7.0%

E1 3EFREALDELGE T EREE
Fig. 1 Post-processing images of left ventricular LGE and strain in three groups
A~ CXPIRZL . HCM B W LGE 41(G1 41). HCMUL T LGE 41(G2 41) B E IR 58 AL 1K 18 (B b0 NI R LGE);
D~FX M Gl . G2 703 DU A J5 A BRIET, T 700 3 &7 SRR B 2) Lo NS L DD AMBEAR B ;. G: X IRZH S

20 IR QA1) W AE (endoLS, L@ ligk) thek I ; H: G1 #H A0 % endoLS £ 1.

G2 4 /5.0 endolS £k A ;

T: XTHRHZe. sk ghn v 2s (GLS, #athg) th®; K. 61 HA0%E GLS £ ; L. G2 A0 GLS th& A,

ICC) #1Bland-Altman FPEAG . P < 0.05 22 5 E
BE2EE L,

2 #R

2.1 —REER

AWFIE I HCM 35 61 ], FERSRILYY
FBHYE, H oW LGE 41(G1 4H) 40 7],
DT LCGEAL (G241)21 41, Xt HE4 49 5] .
HCM B % d A5 49 1 (G1 4 324, G24H 17 4)
TP R S BKCT 1L B (n = 34) BUREAR 3 ik 52
Rt (n=15), FHRKKMEKESE =50%,

3 ZH A I PRARAE Sz CMR BEA S5 e, I
1o 3ABEFR . M. BSA, OF . .

EF 5K R DL S A 2 TE A BE AR L 22 R TE
T2EE (¥ P>0.05), G241 LVMWT & F G1 41
FXTHRAL, 2R EAGIEE X (Y P<0.01), H
il CMR D INRES B 3 4l iR 22 R ¥ LG22 5 X
(¥ P>0.05), Gl 4M G2 4 %LGE 2 % L4 1t
22 X (P=0.066),
22 —HHEKIE

GLS & endoLS fHHA RA4FM)—2 1. GLS W
FEFE N . WMELH A B 1CC {E435 K 0.957(95%CI:
0.876 ~0.984) . 0.951( 95%CI: 0.871 ~0.981) ;
endoLS MEEE N . WELHE ] 1CC {H 79020 0.942
(95%CI: 0.850 ~0.977). 0.938(95%CI: 0.851 ~
0.975). WELHE N . WLEEE A1 5 GLS 25 {H 43l
N -027(95%CI: -1.28 ~0.74) . -0.26( 95%CI:
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F1 SBEBERFRLE [(X+5)/n(%)]
Tab.1 Basic information of the three groups[(X+5)/n(%)]

S5 X HRZH (n=49) G141 (n=40) G24 (n=21) IEF P
HI (%) 46.00+11.14 47.78+9.61 44.42+11.82 0.714 0.492
Fk 29(59.2) 28(70.0) 14(66.7) 1.177 0.555
BSA(m?) 1.67£0.19 1.76+0.16 1.73£0.20 2.484 0.088
DERR/AY) 68.96+12.50 65.88+11.34 68.00+9.81 0.788 0.458
Wi s (mmHg) 115.61+11.38 115.15+10.85 116.95+9.74 0.191 0.826
#5KR (mmHg) 75.92+7.38 74.60+9.20 74.14+7.20 0.477 0.622
A L AR 0 12(30.0) 9(42.9) 1.008 0.315

CMR JEAZHL
LVMWT(mm) 8.28+1.46 18.82+3.61° 21.57+5.49% 162.525 <0.001"
LVM(g) 61.15+15.30 121.90+33.50" 133.30+34.03? 79.043 <0.001"
LVEDV(mL) 124.84+21.46 130.40+20.95 127.23+22.78 0.733 0.483
LVESV(mL) 46.01+12.32 44324932 43.05+9.49 0.621 0.539
LVSV(mL) 78.84+13.75 86.08+15.52 84.18+20.24 2.466 0.090
LVMi(g/m?) 36.50+7.89 69.43+18.12° 77.20£19.27 81.269 <0.001"
LVEDVi(mL/m?) 75.02+12.54 74.49+11.40 74.19+13.26 0.041 0.960
LVESVi(mL/m?) 27.55+6.87 25.24+4.74 25.14+5.80 2.092 0.128
LVSVi(mL/m?) 47.47+8.73 49.25+8.95 49.04+11.69 0.448 0.640
LVEF(%) 63.38+5.99 66.01+4.71 65.62£6.90 2.597 0.079
%LGE(%) 0 9.05+5.71 11.86+5.24 1.873 0.066

G4 AHCMIGL W FLGEZ ; G241 WHCML K FLGE4; %LGENLGEFE (5 22 O & D AILE R 43 L S R4 kL

,*P<0.05 5G14 s, °P < 0.05; "P < 0.05,

-1.40 ~0.87); WEEH N . WL H A i endoLS
ZAH 2 9 K -0.29(95%CI: -1.58 ~1.00) . -0.24
(95%CI: -1.28 ~1.76); GLS M endoLS 2 {H £ —
O B BR A1 B FH A e < 5%, ULIE 2.
23 SENNTSEABLLE

G2 41 GLS. endolS KT G1 4LFnxt B4
(¥ P<0.01); G1# GLS. endoLS ' & ik T %} &
H(¥ P<0.01), WE2,
2.4 Logistic B3 E 5347 & ROC &7

HCM . N IE F LGE /) 8 A & K £ N &
Logistic [l IH LRI 43K, W3 3. PR &K Logistic
FUEA T 278, LVMWT, GLS il endoLS 5 HCM
LT LGE By & A ¥ A7 7E I 2 A0 ¢ (LVMWT
OR = 0.869, P =0.030; GLS: OR = 1364, P=
0.011; endoLS: OR = 1.708, P =0.001), H T
GLS Fl endoLS Z [AIfFFEILER M, HEATT 2 MalSr
) 2 [ & Logistic [l 0 B 43 A . BEHY 140 A
LVMWT, %LGE fl GLS #8#45 , K&K A G il
BRI ER . BUAL 2 ffi ] endoLS AR GLS,
4E W] endoLS & HCM L IE R LGE &A= sl

STfER 2 (OR = 1.696, P=0.001). ROC fth4: W
7~ endoLS Xf HCM .U IWAE T LGE 1Y & A BAA &5
HimskhE, WK 3, AUC K 0.852(95%CI: 0.753 ~
0.950, P<0.001), RIELEIREENK, BWHE -
11.87%, WK R R 81.0%, 5N 85.0%.

3 itig

ARHIFFE BRI CMR 432 0 A8 B AR EAG ok
AL T LGE i HCM B 3% 220 = L I g
AR L, 5 ER: (1)HCM B3 GLS. endolS
¥zt, HAOHNET LGE 419 GLS. endoLS %%
BEERILOMNBET LCE4 8 & ; (2)GLS,
endoLS Z i) 5 HCM & LN LGE ) &k
5, HH endoLS AIRERE HCM O INFE T LGE &
A ) BRAR U A
31 CMR-FT #xRi#E

O WL AR 248 e U 3h 8 o LA 3l = A 1
AR, RGBS 6 o SR G 0 LK B 19 B 43 L
SEVEA O WL BEAE AL A BUBFE B o O UL i) 10, A8
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= S
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=T +1.96.8 = a 176
o ) 1.00 2 2~ O Y
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E{ . 158 g{' . —1.28
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= 2
| =
E-5 T T T 1 -5 T T T 1
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[F]—W%E# 2 kil endoLS ¥9MH (%)  C 2 £ MEEF N endoLS {H (%) D
B2 WMEEEEWESE N —B S (Bland-Altman &)
Fig. 2 Inter- and intra-observer agreement analysis(Bland-Altman plot)
K2 3ABSENRDNTESELLE [(X+5)%]
Tab.2 The layer-specific longitudinal strain of the three groups [(X =+ s) %]
NAEZHEL XA (n=49) G14H(n=40) G2 (n=21) F P
GLS —-17.35+1.77 —12.53+£2.49* —10.57+2.56® 89.291 <0.001"
endoLS —18.58+1.86 —13.60+2.522 —10.35+£2.47% 115.494 <0.001"
G140 MHCMIG.U NI FLGE4 ; G24H HCMLU I FLGEZH ; GLS M4 A2 1) i 25 ; endoLS AU PR 4 i) o7 A 5 5% HR
A3, *P < 0.001; 5G4l L, °P < 0.01; P < 0.05,
* 3 HCM Z £ O HNIET LGE MEBEREER £ E & Logistic E 547
Tab.3 Univariate and multivariate Logistic regression analysis of subendocardial LGE in HCM
o AR 2 Logistic M4 %[N #Logistic [l
- OR (95%CI) P OR (95%CI) P OR(95%CI) P
RIS 1.031(0.980 ~ 1.086) 0.237 - - _
HE 1.167(0.376 ~ 3.617) 0.789 - - _
e 0.983(0.933 ~ 1.035) 0.519 - - -
223 I TE AR 0.571(0.191 ~ 1.712) 0.318 - - _
LVMi 0.978(0.950 ~ 1.006) 0.128 - - _
LVMWT 0.869(0.765 ~ 0.987) 0.030" 0.924(0.788 ~ 1.085) 0.335 0.958(0.802 ~ 1.144) 0.635
9%LGE 0.915(0.830 ~ 1.007) 0.070 0.994(0.875 ~ 1.130) 0.931 1.026(0.890 ~ 1.183) 0.721
GLS 1.364(1.073 ~ 1.735) 0.011" 1.280(0.975~1.679)  0.075 - -
endoLS 1.708(1.258 ~2.320) 0.001" — - 1.696(1.224 ~2.349) 0.001"

%LGENLGERi 2 5 22050 L

BT A 47 L GLS ARG [ 1o

A% endoLS KL NI G ) AR “P < 0.05,
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Fig.3 ROC curve of endoLS in predicting subendocardial

LGE in HCM patients

(longitudinal strain, LS) J& &z EL I PR FH A5 19
Bfetn, HARMG A —sEMeEE N, Rkl
WU 5 ] b TR AR KNS BRAE AE 0 3 0
WLAE by B A 53 B T AR A5 () AR DA 1) 1 A8 (GLS) E
B FH T 2200 IS5 0 NI ek DR 21 B e g 1) P
W K TG FEAG U, I H T 2014 55890 A RKIH O
PEpE 2 HCM 29746/, 10 IR 46 D g iy
PRI, BT CMR-FT AR M358 & BAE L U
JEEBE H, B v i RO R TS, GLS WIAE R
TC BT SR ik & A RS ARSR bR . SR, H
T2 F D WA Qe e 1 o3 2 08 e X A5 4, B
W T AT HLE4E, O 2R R IR TT ILER 4
DAMETR AR TILEFEDS, AS[R] g 3 K R XA [R]
O WUZ B 52 e v] Be B S e, e JULAE Bt
M, DN R A NL)Z 52 2R H
F DU A EE R, R RAELE
AL WUZ 0 L R 2B S T R AT R T+
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