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Abstract Objective: To evaluate left ventricular systolic function in patients with mitral valve prolapse with
moderate to severe regurgitation by stratified ultrasonic strain technique. Methods: Patients with mitral valve

prolapse with moderate to severe regurgitation treated in Yichang Central People’s Hospital from September
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2021 to December 2022 were collected as the study group (#=30), and healthy subjects were included as the
control group (n = 30). Ultrasonic strain parameters of the two groups were analyzed, including global
longitudinal strain (GLS), peak systolic dispersion (PSD), left ventricular subendocardial myocardium GLS
(GLSendo) , left ventricular median myocardium GLS (GLSmid), left ventricular subepicardial myocardium
GLS (GLSepi) and longitudinal strain values of each myocardium (LS), etc. The myocardial transmural
strain gradient (AGLS) was calculated, and the difference of parameters and the correlation of parameters
between the two groups were compared. ROC curve was used to analyze the efficacy of left ventricular
stratified strain parameters in evaluating left ventricular systolic function in mitral valve prolapse with
moderate to severe regurgitation. Results: Systolic blood pressure, left atrial end-systolic diameter (LAD),
left ventricular end-diastolic diameter (LVDd) and stroke volume (SV) in study group were significantly
higher than those in control group (all P<C0.05). |GLS|, |GLSendo!|, |GLSmid|, |GLSepil, AGLS and
|LS| of each segment in the study group were significantly reduced (all P <C0. 05). Correlation analysis
showed that LAD and LLVDd were negatively correlated with GLS, GLSendo, GLSmid and GLSepi. ROC
curve showed that GLSendo (AUC=0.869), GLSmid (AUC=0. 801) and GLSepi (AUC=0. 781) had high
diagnostic efficiency in evaluating left ventricular systolic function in patients with mitral valve prolapse with
moderate to severe regurgitation (all P <{0. 05). Conclusion: Stratified ultrasound strain technique can
evaluate the involvement degree of left ventricular and myocardium in mitral valve prolapse with moderate to
severe regurgitation, and reflect the change of left ventricular systolic function.

Keywords mitral valve prolapse with moderate to severe regurgitation; ultrasonic layered strain technique;

left ventricular systolic function; myocardial contraction

Tk i HE (mitral valve prolapse, MVP) & —
Folgs LA e B . RO R 2% ~ 3%, 0. 8% ~
2.5 MVP 854 kA B O R R O BEBRIE KX
TR R B B SN MVP 5] B ™ 4 R
(mitral regurgitation, MR) £ 5 I 72 0> % (left ven-
tricle, LV) S I D68, AT T2 E R A RO i 48 3 44
& BREE BT O & LY L A R W R
e E AR YL 0] N AE (global longitudinal strain,
GLS) W] i BEAIK . X #2720 % 0 LI BE W 75 52 .
ASBIF ST AU R L RR P 3 2 A8 R — 28 03 Bt A
JIoh e e v - R SO R 2 O B AR DI RGN .

1 #AREFE

1.1 FARIH

PEHL 2021 4F 9 H—2022 4F 12 A FHE .0
N B BE BE 12 19 — S A ot i vp - 8 B S U R B VR
WFFEL (n =30) . [F) I 3 R g 5012 1Y £ B A4 4G 25 1
XFHRZH (n =30) . ASHF5E O 3d i 3K Be 48 R 2 01 S it
(No:2023-112-01) ,

AP HE : QR >18 % s Q12 W Ry — 2 i B 15
P - B RO YRR AR b SN O T R
PO B LTS A A 2 e AL PO AT I, 4
AR P R A R AR AR T EE R DL A R, AR

It e 7 SR TE AR AR VT T B AR — A B A
TR B W i 3 7 A5 ORR AR I I A S T DL =
2 mm; QI R BTRF5E %

HEBRAR 1 : O & ™ 5 e IR 3l Jikots A 5 A0 10 JiE
P 6 RO B 52 2 1O UL v 0L s e o U B
HC Al ™ 0 5 45 5 © Hh B R R 5 O i R BE RS
SEREH .

1.2 |5 F*

K HI Philips EPIQ7C i A2 Wi { (% k X5-1, 5
H1~5 MH2) X i WAk & Tk d. A
A6 7 IS AN BT - P R 32 e = 060 L T L AR i
3 [ P 0 B 1 2 e A A v L 28 M e O Sl R
220 I HE R B N 42 (left atrial diameter, LAD) . &F
539 25 [8] B (intel-entricularseptum, IVS)JEJE & ik
W 42 O = J5 BE (left ventricular posterior wall,
LVPW) JE B | 720 % &F 5K R JH 42 (left ventricular
end diastolic diameter, LVDd). Z .0 = & Il 4 %X
(left ventricular ejection fraction, LVEF) /.0 & &
& (stroke volume, SV)ZEZE, REESL 3 0
Bl JE I A0 2 K R U0 T 0 R DY RO DD T L PR JEE O 1)
T K = 0 U T ) S A EUR
1.3 BEfgREFLE

K ES S A QLAB 10. 0 T AR AR IR 380 2R
S U B R O ) S AR BRI R G



BB R 2024 4F58 7 % 13 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 1

. 88

FR A Ae 0 Z 50 8 [ 30 A iU DGR X, 3RS GLS Mg
{E V78 B B (peak strain dispersion, PSD), ¥ &
B QLAB 13.0 TAES: . A R #AE AR
P ISR DO 20 RO LA R E R RSN
BAF A ghie g R B0 LA A0 w42 (longitudinal
strain, LS) Mgk K457 Bo.O L LS 4R &, i 5% A2 0
04 I A 0 WL IS B b R B AL A B Y LS

LN
rJ

A

-
3 .»

;

X AR

(B IC 0 BT O LR AR L 16) )i 22 (global longitu-
dinal strain in the endocardial layer, GLSendo) .
JZ 0 LB AR A [\ % 48 (GLS in the mid myocardial
layer, GLSmid) oM T 0 U AR 2 1] i A5 (GLS
in the epicardial layer, GLSepi){& . 1180 L E& BE L
AR E AGLS.AGLS= | GLSendo—GLSepil , WLIE 1,

B1 ARG ZE X 0 2R I O VI T 20 28 JIL A o 3 722 1T 25

L4 ZiFHH

K HI SPSS 26. 0 BAFHEATHAR G o0 B THECEE
FER T 2 (00 3R 2 IE) FEBCR T X7 R s 1 i Bkt
KM o s FRoaw, LB R ML AR ¢ K.
K Pearson AL 70 Hr ik 23 A — 2% i A 3 £ -1
JE S B 220 2 K/ GLS, GLSendo, GLSmid
Je GLSepi 46 X E #Y A 56, >R Hl 32 38 3 T AR F# Ak
(receiver operating characteristic, ROC) f M /£
DEARO N GLS 153l = I e i 7 £ -2 5 e
TR AL B DI RE R 2 Wi i fE . P <<0. 05
ERAGIFE L,

2 #R

2.1 WMA—RERIR

AL FEAE 4 M) B v AR L B IR T A
#(body mass index, BMD K &F 5k & 5y i b8, 2 F
TG it L P=>0.05), WFF02H & W4 Ik 9
S TR BB ZH (126. 37419, 89 mmHg vs 108. 43+
8.10 mmHg),P<C0.05, L% 1.
2.2 EHBELONESHLLE

ST IR e, pF R 4 R 3 LAD(46. 3949, 64
mm vs 34.45+4.79 mm) .LVDd(53. 9244, 34 mm
vs 46.52+3.51 mm).SV(111. 35+ 26. 91 mL vs
65.16 = 13. 86 mL) ¥ U & & T X 4 (¥ P <
0.05); i E IVS.LVPW ,LVEF.LVFS.E/A K4

PR () P>0.05) . L5 2,
F1 FHA—REBERK I xEs, n(%)]

- X R 21 HFIE .
i H t/X* P
(n=30) (n=230)
() 55.17410.53 60.43+£10.57 —1.934 0.058
BE 15(50. 00) 17(56.67) 0.268 0.605
HE(em)  166.57+5.80 166.27+6.04 0.196 0.845

M (kg)  63.60£9.14 64.63+8.59 —0.451 0.853
W4 1 (mmHg) 108. 43+8.10 126.37419.89 —4.573 <C0. 001
#F 3K e (mmHg) 73. 7746, 22
BMI(kg/m®) 22.84742.48
% :BMI: & 4 & 48 3
x2 WABMBRLOIESHIER L

X 2 Ll

79.87+6.22 —0.943 0.352
23.31£2.31 —0.763 0.449

fehr t P
(n=30) (n=30)
LAD(mm) 34.4544.79 46.3949.64 —6.075 <<0.001
IVS(mm) 9.3540.72 9.674+1.05 —1.392 0.170
LVPW(mm) 9.2940.70 9.39+1.14 —0.377 0.708
LVDd(mm) 46.5243.51 53.92+4.34 —7.259 <C0.001

LVEF(%) 63.8242.83 62.43+7.99 0.891  0.379
LVFS(%) 37.01£3.03 35.27+5.21 1.652  0.104
SV(mL) 65.16413.86 111.35+26.91 —8.358 <C0.001

E/A 1.1540. 34 1.2240.66 —0.493 0.601

/i LADZJ:-‘\-:%’&QE*;&}] V‘]'féy IVSE]ET] Fl%, LVPW
s BB LVDA: £ £ KR AN A LVEF: £5 £ 4
Bk LVFS. AT%ASH; SV. 58/ F; E/A. =L #n
A 3K - R A e R ik B AR



MABEE 2024 4F%8 7 % 13 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 1

¢« 89

2.3 ELENEPERTSHLE
YIRS RO B, P AR E R | GLS |
(| —17.594+3. 73 [% vs | —23. 12+ 1. 73 | %),
|GLSendo| (| —13. 94 +1.43 1% vs | —22. 21+
1.661 %), [GLSmid| (| — 13. 25 & 1. 51 | % wvs
| —21.0041.871 %) K | GLSepi | (| — 12. 63 *

1551 % vs | —19.74+1.67| %), AGLS[ (1. 31 +
0.95)% vs (2,474 1. 40) % % %} 1 20 B 2 R AR (3
P<0.05), WFI0Al 3 220 = 3K B b i) B B0
REB:H) | LSendo| . | LSmid| . | LSepi| ¥4 % FE 41 B .
WA (2 P<<0.05), L3 3,

®3 AAECECNEBEEETSHER (L)

ity X HELH (2 =30) W (n=30) t P

GLS(%) —23.12+1.73 —17.59+3.73 7.364 <<0. 001

PSD(%) 31.67419. 66 26.55419. 66 1. 009 0. 482
GLSendo( %) —22.21+1. 66 —13.947+1.43 20. 678 <<0. 001
GLSmid( %) —21.00%1. 87 —13.25+1.51 17. 643 <20. 001
GLSepi( %) —19.74+1.67 —12.63%1.55 17.086 <<0. 001
AGLS(%) 2.47+1.40 1.3140.95 3.745 <20. 001
LSendo( %) —19.9142. 46 —12.56+2. 64 11.146 <<0. 001
IR B LSmid( %) —21. 6443, 24" —14.06+4.17 7.869 <<0. 001
LSepi( %) —24.16+4. 16" —16.00£5, 74 6.302 <<0. 001
LSendo( %) —22.82+1.93 —14.35+2. 62 14. 249 <<0. 001
r ) B LSmid( %) —23.25+2.94 —15.4244. 21 8.334 <<0. 001
LSepi( %) —23.15+4. 16 —17429+4.91 4.996 <20. 001
LSendo( %) —23.6412.82 —15.13%2.23 12.972 <20. 001
DREB LSmid( %) —18.17£3.57° —10.40£2. 99° 9.130 <0. 001
LSepi( %) —13.18+£3. 04" —6.0942. 80" 9.395 <<0. 001

7:%5 LSendo 483t ,"P<C0.05, 5 LSmid 485 ,"P<C0. 055 GLS: 44k 4\ i % ; PSD i K %4 & 4 % ; GLSendo: s M E T
S LR B E ;5 GLSmid: P &S JLEAR G ) B E 3 GLSepi: & MR T S LEAR IS B K ; AGLS: 4k S L5 B B K 4
LSendo: & M BT & ML & 5 & ; LSmid: P &S UM G B K 5 LSepi: S SMET S ML G B L

2.4 ALEXRNMNSHTSHEBHBEXED T
Pearson AH I 43 H7 45 2R BN, 29 I 2 1) -
EwEREH LAD.LVDd 5 GLS.GLSendo,GLSmid,
GLSepi 2 A (¥ P<<0.05), ILF& 4,
F4 EOERNERTSEEEXESF

LAD LVDd
r P r P
GLS(Y%) —0.529 <C0.001 —0.469 <C0.001
GLSendo(%) —0.668 <C0.001 —0.621 <<0.001
GLSmid(%) —0.652 <C0.001 —0.615 <C0.001
GLSepi(%)  —0.648 <C0.001 —0.624 <C0.001
AGLS(%) —0.321 0.12 —0.236 0.70

E:LAD: £ Bl %R AE; LVDd: £ 4K KN
W25 GLS: B4k 4 @ B % ; GLSendo: & A £ T« LK 0
® & & 3 GLSmid: P & JUE AR 408 & & 3 GLSepi: & SMEE T
S MUEAR B B K AGLS: B4k O L35 B B K 4 B

2.5 HENTSE TN EE

LI LVEF 28 /& 0 %5 W45 D) RE PP AN G b o, 2R
e 58 2 A - R U AR A R R )R N R S0,
GLSendo(AUC=0. 869) . GLSmid (AUC=0. 801) ,
GLSepi(AUC=0. 781) 7E W4 420 25 W 455 T 6E 7 1l
HA B LW REE (3 P<<0.05), GLSendo 42 il il
e F WA I RE Y B e A, RN 87. 500 ¢ R JEE
R T7.3% W5 K 2,

1.0 ‘ ‘
0.8 }
il 0.6
=
04 f
ik S
=
02 -
0.0
0.0 02 04 0.6 0.8 1.0

15
2 g3 )2 AR 2 B0 A2 0 5 W4 D RE A Y ROC It 28



BB R 2024 4F58 7 % 13 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 1

e 90 o
x5 AELELISBREESHBAN _—_REHEXP-EERREELLOERENERRS
iy Cut-off AUC 95%CI Tk e Youden #5 %k P
GLSendo( %) —13.56 0. 869 0.725~1.000 0. 875 0.773 0. 648 0. 002
GLSmid( %) —12.45 0. 801 0.628~0. 975 0. 625 0. 864 0. 489 0.013
GLSepi( %) —12.05 0.781 0.596~0. 966 0. 750 0.818 0.568 0. 020

i :GLSendo: & W IE T & LR B 2 K ;3 GLSmid: P & MUERY G B K ; GLSepi: S SME T & PLEAR K& 2 T

3 iFie

MVP J& —Ffi UL A B B2 95 o 5 3 SO [m] 72 B
MR, fii 220> & B0 fof I 2L T BB A2 0, 3 AR 42 0 &
I FE 0 B DR RGO AR O ) 3 v LG PR A
FEAEAR R R . 4 AR B A% A B o B0 L
Je 38 R AR B Wi 4 Th BE L BN LVEF IF % . W g g R
W& B0 WL RE R AT . 3 J2 R AR B R AE M L RE
38 28 43 i) B B 0 JUL PR R L B R A B RS R 7S B
ST T O LS )2 B LA L i — 2 T A L
Z B

MVP 38 2R M OGP AS 4, ki s B0 Ay — 2R
e B A5 7 00 5 25 a 07 g I L DT 59— 2R 4k %
S A2 D T RE R B L AE 0 0K B Tt 3 B bk 3 BE
. 5XF AL L, A B bR R A
LVEF {8 A& B & B AR /5 7 15 5 38 B LA, 3 7T 68
2y LVEF B A7 ffif MM, BIVRE A7 76 B /Y 72
SR T RE A, H R 08 1 5 a2 i Bl ) 2
0%, LVEF th o] e 5515 401 BEA: B 5% 107 FH — 2
BB A O S E 2D-STD #44 LVEF 1E % 118
PEE B TR R HE WAL E GLS, 25 R R &£
O3 [ GLSMKF I # 6 HE 4 L 3k $2 7R 18 o 3 3 — 20
I B A PR D I RE R AR L DR L AR R TR
HEE 75 500, 7 A8 280K 8 T o L R SO DT I AR
B O WL BE M . Huttin 2553 FH.O LR 728 £ AR X
100 24 2 ot o £ 3 AT A0 5T, R R AR It e £
FERBEFEWILV] I GLS| B EMTHIE —Jm
R . M Teraguchi 2 44 A 50 % th- JiF —
IS A, ST R WIS A B E I LV L GLS| F%
AR, 33 8 WY - R QR B AR A 0 UL S B A
Pits. 5 FRiRE — 3 AR LI, AN A
- RO R LV L GLS | 4 % B 4 WA i F I,
X ] RESE T - R TR RO G A i B
A0 2 PEA T A O M B ke RO WL R £ 38 1 i
L WL 45 7 2 5| 36 0 A 24 X T Rt

ARG — 25 % B, QI I T A - R SR
N AN Z O LT LS ¥ BEAG, |GLS| At LN

B4R ZE EAL. Bakkestrom 2N HFIY &L, —
I I S8 A )20 WL O PR RS2 R A1 JBE )22 22 ) 1Y)
o AR 2 S R T g T B L HLN R AR 2 Z (R AE B
JET RN BT X ARG R —F, AOoED
JULAS J2 1 A8 A7 A 22 5 L AT RE 50 LA )22 il 2R R AR AN T
FEOIAZ KA A S, 2 20 WEH 2L J7 1)
ANTR] s WS A B 2 o B R A R AR 2 R O N TR
FUA 1/3 K A g™ . N, MVP B 720 %
o A IBETT o JIL B2 5 A0 352 W0 D07 g e R e Rk A
Po O G 1] N A8 53 B 43 A ELAT 6 BE A iy T
B I) 0o SR BB WG I, X AT A th T 20 & 1 L] R
O T 0 AR, FEWC R AR, A5 Be i b 2 A2
18 AR E JIL SR W1 3 O AR Bl o 4 B = T A 1] T
A% 30,07 A LR I S LUBA £ Jc A R0 1l T
Fak T R LS 7E 0 2% B i T v ) B2 e RIS
B,

AHSCHE 73 B 45 R 078 s B O 2 A v - R
WMHEE LAD,.LVDd 5 GLS, GLSendo, GLSmid
GLSepi ¥IFF A M AXTF GLS, 2N A S
Ao RNV RPE R 5, BRI Z 4, ROC 43 HT B
53 )2 AR 0N £ A0 3 WS04 ) RE A (B 5
T A AR ] AR, Ho GLSendo J2& I A0
U T RE A e B AR . DAREBF ST RAE L0
DR 1926 7 | R I . = A o N~ R = =R P 2
GLSendo [t GLS sCH AR S HOEE G & LV I
BB ML, X 5 AR A R — 3,

AW FEAEAE— 2 Jm R 9 A REAS i 3/, LAY
T AN 1) 53 J2 IV A B2 O B O T 1
- I SO AR A D LI BE S AL T AT A A,
[F] EF 235 5 R0l B 4 T M o BT LR BB . B2 L 3 2
A FOAR G T VAL A 20 LAY LS (B A7 B T il R
PO Ze O AU ) 22 02 FI W & 2 0 DLz R,
S0 R s Xof A o0 B WA 406 B R R A AR EAT T

S & k-

[1] Chehab O, Roberts-Thomson R, Ng Y L. C, et al. Sec-



MABEE 2024 4F%8 7 % 13 BACHU MEDICAL JOURNAL, 2024, Vol. 7, No. 1

[2]

[3]

[4]

[6]

L7]

[8]

[9]

[10]

[11]

ondary mitral regurgitation: pathophysiology, propor-
tionality and prognosis[J]. Heart, 2020,106(10):716-
723.

Boudoulas K D, Pitsis A, Triposkiadis F, et al. Floppy
mitral valve/mitral valve prolapse and sudden cardiac
death[J]. Prog Cardiovasc Dis, 2022, 74 89-98.
Muthukumar L, Jahangir A, Jan M F, et al. Associa-
tion between malignant mitral valve prolapse and sudden
cardiac death: a review[]J]. JAMA Cardiol, 2020, 5
(9): 1053-1061.

de Isla I P, de Agustin A, Rodrigo J L, et al. Chronic
mitral regurgitation: a pilot study to assess preoperative
left ventricular contractile function using speckle-track-
ing echocardiography [J]. J Am Soc Echocardiogr,
2009, 22(7). 831-838.

OB, aREA. RN O IR IR O Bl 1 ALY
ek 2 R [T). P EER A&, 2021, 36(2):
109-125.

Sabbag A. Essayagh B, Barrera ] D R, et al. EHRA
expert consensus statement on arrhythmic mitral valve
prolapse and mitral annular disjunction complex in col-
laboration with the ESC Council on valvular heart dis-
ease and the European Association of Cardiovascular Im-
aging endorsed cby the Heart Rhythm Society, by the
Asia Pacific Heart Rhythm Society, and by the Latin A-
merican Heart Rhythm Society[ J]. Europace, 2022, 24
(12): 1981-2003.

Tsugu T, Postolache A, Dulgheru R, et al. Echocardio-
graphic reference ranges for normal left ventricular lay-
er-specific strain: EACVI NORRE
study[J]. Eur Heart J Cardiovasc Imaging, 2020, 21
(8): 896-905.

Pastore M C, De Carli G, Mandoli G E, et al.

results from the

The
prognostic role of speckle tracking echocardiography in
clinical practice: evidence and reference values from the
literature[ J ]. Heart Fail Rev, 2021, 26(6); 1371-1381.
KoL Xl W A W, S RN RCOR M R
R AT R e A e iy AR s L], b E IR
B2 AR 24, 2020, 31(3): 192-195

Beaufils A L. C D, Huttin O, Jobbe-Duval A, et al. Re-
placement myocardial fibrosis in patients with mitral
valve prolapse: relation to mitral regurgitation, ventric-
ular remodeling, and arrhythmial[J]. Circulation, 2021,
143(18): 1763-1774.

Pastore M C, Mandoli G E, Dokollari A, et al. Speckle
tracking echocardiography in primary mitral regurgita-
tion: should we reconsider the time for intervention?

[J]. Heart Fail Rev, 2022, 27(4): 1247-1260.

[12]

[13]

[14]

[16]

[17]

[18]

« 9] .

Huttin O, Pierre S, Venner C, et al. Interactions be-
tween mitral valve and left ventricle analysed by 2D
speckle tracking in patients with mitral valve prolapse:
one more piece to the puzzle[J]. Eur Heart ] Cardiovasc
Imaging, 2017, 18(3). 323-331.

Teraguchi I, Hozumi T, Takemoto K, et al. Assess-
ment of decreased left ventricular longitudinal deforma-
tion in asymptomatic patients with organic mitral regur-
gitation and preserved ejection fraction using tissue-
tracking mitral annular displacement by speckle-tracking
echocardiography[ J]. Echocardiography, 2019, 36(4):
678-686.

Ueyama H, Kuno T, Takagi H, et al. Prognostic value
of left ventricular global longitudinal strain in mitral re-
gurgitation: a systematic review[J]. Heart Fail Rev,
2023, 28(2): 465-483.

Hirji S A, Cote C L, Javadikasgari H, et al. Atrial
functional versus ventricular functional mitral regurgita-
tion: prognostic implications[ J]. ] Thorac Cardiovasc
Surg, 2022, 164(6): 1808-1815. e4.

Bakkestrom R, Christensen N L, Wolsk E, et al. Lay-
er-specific deformation analysis in severe aortic valve
stenosis, primary mitral valve regurgitation, and health-
y individuals validated against invasive hemodynamic
measurements of heart function[ J]. Echocardiography,
2018, 35(2): 170-178.

Ancedy Y, Ederhy S, Jean M L, et al. Does layer-spe-
cific strain using speckle tracking echocardiography im-
prove the assessment of left ventricular myocardial de-
formation? A review[]]. Arch Cardiovasc Dis. 2020,
113(11): 721-735.

WuJ. NiY, GuC]J, etal. Study of effects of anthracy-
cline drugs on myocardial function in breast cancer pa-
tients by quantitative analysis of layer-specific strain via
2D-STI technology[J]. Am ] Transl Res, 2021, 13(3):
1184-1196.

[19] Jiang Z, Zhang M, Qin Y Y, et al. Usefulness of layer-

[20]

specific strain for evaluating and predicting recovery of
left ventricular myocardial function in patients undergo-
ing hybrid coronary revascularization[ J]. Int J Cardio-
vasc Imaging, 2023, 39(3): 491-499.

Grund F F, Kristensen C B, Myhr K A, et al. Layer-
specific strain is preload dependent: comparison between
speckle-tracking echocardiography and cardiac magnetic
resonance feature-tracking[J]. J Am Soc Echocardiogr,

2021, 34(4): 377-387.

DA 88 2023-09-22



