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Abstract

Objective: Ventricular-arterial coupling (VAC) describes the relationship between the ventricular and
arterial systems. Ventricular-arterial uncoupling typically occurs during the pre-heart failure (pre-
HF) stage. This study aimed to investigate the use of the ratio of left ventricular global longitudinal
strain (LVGLS) to estimated pulse wave velocity (ePWV) for the noninvasive assessment of VAC in pa-
tients with pre-HF. Methods: A total of 133 subjects were recruited and divided into a control group, a
pre-HF group, a heart failure with preserved ejection fraction (HFpEF) group, and a heart failure with
reduced ejection fraction (HFrEF) group. The ePWV was calculated using a specific formula, LVGLS was
obtained via two-dimensional speckle-tracking echocardiography, and VAC was assessed for all sub-
jects using ePWV/LVGLS. The correlation between VAC and other traditional cardiac function indices
was analyzed. Results: The ePWV/LVGLS ratio in the pre-HF group was significantly higher than
that in the HFpEF and HFrEF groups (all P < 0.001) and significantly lower than that in the control
group (P = 0.016). Moreover, there was a significant difference between the HFpEF and HFrEF groups
(P < 0.001). ePWV/LVGLS was closely correlated with traditional cardiac function indices. Conclu-
sion: ePWV/LVGLS enables early screening of patients with pre-HF and serves as an important clin-
ical indicator for the noninvasive assessment of cardiovascular function.
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1. 5|15

FE[E Lo r 22 (The American Heart Association, AHA )W 4775 f& K ] 25 8 A O T 45 440 A1 (BR) T RE 57 4
HITEIRI B R, 5 O 1 3835 AR 3 (Stage A H) R0y J3 2555 T A (Stage B ) [1], 8H¥ &4
FRACIEFNIH . BIRCIERT I O H a3, (HH T 0 BRI MR 55, e % 593 142
(left ventricular ejection fraction, LVEF)554% Gt 5 fa A BURMEAS, O ZEmTIARI S B Pk i -

FET T YEBE SUEB BR SUR BRI £ 2 ARl 848 (left ventricular global longitudinal strain, LVGLS)
T I O LT U 4 35 40 R A i B R B R S e PR USC 4 D RE R A (2] E SR L0 BOE s L T, &
I 4 PRI A0 38 38 IR LS AR e ) LT8G T B (3] [4]. /0 % - BIk#EEX (ventricular-arterial coupling,
VAC)HIIR 2 O IE R MIh A Sk RGBS VILE R R, NP O IVE Ra e tt 7k, 14
VAC 5 @1 0 S U4 A B3 14 (end-systolic elastance, Ees)-5 Bl ik 3.4 (effective arterial elasticity, Ea)Z tt
FFAL[5] [6], EMEH 1k A Ea/Ees = 1/LVEF — 1 A] LAE i, Ea/Ees 2R | LVEF [IfT4EY0,
BV AL I RGBS . BRI 7 SR BUR R B4R Ea 1 Ees BIFEARA PEAL O 32 AT HA S 1)
VAC.

H1F LVGLS BEfE LVEF 1EH I FR0 o U4 71 IR 2], BRI TR D9 L IS 4G D ERD Ees (19
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BARFE R T BRI 5B (pulse wave velocity, PWV)E Ay i 20 ik AR A 25 1 BU B AR 2 —,  J2 O3 AT

RS R ZE [ 7], AT LMEN Ea B ARTE AR KA IR 20 ik 14 o G0 F0 2 B0 FH BNk - I 20 ik Bk 4808 18R (carotid
femoral pulse wave velocity, cf-PWV)5 LVGLS 2 E(cf-PWV/LVGLS) KA & ML & 3 1 VAC 2RI 4T 1)

[8], (H T cf-PWV il & & Z4 i LI PR N FH 52 PR o 5 Greve Z5[9] A3 H #3124 IfiL ' (mean blood pressure,
MBP)FIFER T E A, Al T k3 33 (estimated pulse wave velocity, ePWV)IRELf# 5., HEZHLT,

B, ASHESE B 7EIRUEFH ePWV/LVGLS KAl O 3 g B F# (1 VAC fm 1T

2. 53
2.1. fARTIR

LGN 133 B H 2024 4F 1 H %2 2025 4 10 HAEE REFRF R M 8 EE L R B LA R fRRA B ) stz ) &
Ho AREEE OIS AHA)DERE MR RS, B2 & MU FIUA: 14, 30 AdFE2iAE
PERNT A 2 20, OIERTIAZ, BRI pre-HF 2, 4% 36 4.0 A WA B JHME S 3 400 35 1555 if 434k
LR EF ) 0r 77 3£ 35 (heart failure with preserved ejection fraction, HFpEF) & # ;4 ZH/& 30 4 5 M43 KU f% 85 )0
713 4 (heart failure with reduced ejection fraction, HFrEF) & # . A0 5 B2 5 35 2 757 & R 5 1L 2
2X(ESH)FE [ 10155 /51 ML FR1 12 Wb o 71 36 58 PR P2 (ADA)FR B[ 11 0085 R 55 (DM) 1112 Wibs i -

2.2. IGER4EFRFNE A L Eh

I AR R 0 7 3R G SR I e R — BRI, BRI AL L SRS | PR A S (e i
BE PRI SE) . Ifil F (blood pressure, BP) A %2 2 K Uity 1) 44 £ 17 44 (N-terminal pro-brain natriuretic peptide, NT-
proBNP)SE 4G = Hd . At R Bt HERf, VRS2 IXEFRE 30 Bl REMIE . FHZ 1 NT-
proBNP ¥4 J& FaAr 45738 ik KA ik 1fn 3545«

KH KA AR EPIQ CVx M A 2 GER: O IERE T 2R F P& S5 K P TH  ORP I
I RV V)T o GBI R Y Simpson’s U THIVEN E LVEF . ik 5 2 35 CRUE B i af v A n] 22
S, A BBIIREZ D 3 A 0B AR A 1 25 8 75 0 3h B B R TR B[ 12] 22
THEDE RIBERER A0 BN B LA [ AR T AR A I SR 3R (2023 [R) [13]. HTRAFH QLAB BG4
M RGN UG, e B 5243 B Jl O« = O R DU s oo U TR AT - 4 B A8 5 20 W7 97 3R L LVGLS.

MR 527 1 AF 1 (age) . MBP F1G L KBHRAS , F Greve S # LI AR [9]50 2T HZ 1K E ePWV.
HAREEAR : o0 A fE R IR R e BT B ZH: ePWV =4.62 — 0.13 x age + 0.0018 x age x age + 0.0006
x age X MBP + 0.0284 x MBP; {77E.L I fER R R4 : ePWV = 9.587 — 0.402 x age + 4.560 x 0.001 x
age X age —2.621 x 0.00001 x age x age x MBP + 3.176 x 0.001 x age x MBP — 1.832 x 0.01 x MBP.,

G L A Ea/Ees = ESV/SV [14]5HL Ea/Ees, L ESV AR 72 0 & UL 4E A W 288 (end-systolic
volume), SV RF &% H & (stroke volume). H1 ePWV 5 LVGLS I HAE K PEAL 3230 1) VAC.

23. GFERE

ABEFCHE SPSS 26.0 Ziit B A Al GraphPad Prism 10 #AFEAT HdE 70 Hr o

FFEIESSMET R TR FME + frifEZMean + SD)RI/R, FEIEZ A0 TR TR Hh AL EOR
VYo AL BE(IQR)FIR . X IER A HITHE TR ANOVA 56 13417 20 1A 22 7 AT 50 81 Welch A48 (07 A
FER) AT AR ZE SRS A, HES B 56 (Kruskal-Wallis #5560 73 BT 2S 20 A T & R T 2 5% . F
Spearman FH SVE T T AR VAL % TR AR 2 18] IV FE IR 3R o THECBERE I IEL (%) Rk « THE Bk 8] HL R H
R . w523 TAERHIE # 28 (the receiver operating characteristic, ROC)K i Ea/Ees Lt {H Al
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ePWV/LVGLS HAEXT HF K2 Wiakie, 1l vh 5 28 T A (the area under the curve, AUC)IFAE & T br
SWERYE, LS RBURYE + Rt - DfE DL bR B EEITE . BTE St P < 0.05
NZREESGITSE N, A P EB#  Bonferroni #4745 1E. KA GraphPad Prism 10 #4422 #1815 B
A ROC HZ5s . BN 40 45 S804 1) 5238 10 F 4 A 50 REL(ICCs) iEAT Hidls B PRS0 ICCs

FEFET PR — M. XA & RN AR Y BE AT 7] A PRI AR

3. &R
3.1. BEERIFE

Table 1. Baseline characteristics of each group of patients

1. BEBERELNE

1 fEREX I ZH (n = 30)

2 pre-HF 2H(n = 38)

3 HFpEF 4 (n = 35)

4 HFrEF 4l(n = 30)

PR, (%)

() 67.50 (56.75,73.00)  72.00 (66.00,79.25)  78.00 (71.00, 84.00)  75.50 (69.00, 81.25)
BMI (kg/m?) 21.99 (20.18,23.73)  23.25(20.60,24.66)  22.58 (19.97,26.00)  20.45 (18.40, 23.34)
MBP (mmHg) 94.23 + 6.94 100.97 + 13.48 99.22 + 14.39 93.69 + 15.75

NT-proBNP (pg/ml) 98 (66,158) 355 (125, 947) 2464 (1485, 4617) 6923 (2183, 13452)
IVSTd (mm) 9.0 (8.8, 10.0) 10.0 (10.0, 11.0) 11.0 (10.0, 12.0) 9.5 (8.0, 11.0)

PWTd (mm) 9.0 (8.0, 9.0) 10.0 (9.0, 10.0) 10.0 (9.0, 10.0) 9.0 (8.0, 10.0)
LVDd (mm) 43.47 +4.01 44.68 +4.91 49.69 + 7.64 60.40 + 7.83
LVDs (mm) 26.00 (24.00,28.00)  27.00 (24.00,29.25)  32.00 (29.00, 38.00)  48.00 (41.00, 54.50)
LVEDV (mL) 64.95(53.48,80.20)  70.35(54.85,86.18)  88.41 (66.22,114.38)  153.50 (112.00, 179.50)
LVESV (mL) 21.80 (16.40,27.43)  28.37(18.45,39.63)  41.95(32.10,53.50)  95.59 (69.85, 133.00)

Ele’ 7.90 (6.73, 9.40) 10.00 (8.00, 12.00) 14.00 (10.00, 16.00)  14.00 (11.00, 18.35)

SV (mL) 42.80 (34.98,51.90)  42.14 (31.18,50.10)  44.99 (33.95,60.24)  51.35(39.91, 57.73)
LVEF (%) 67.25(61.73,71.23)  62.40 (56.60,67.65)  52.70 (51.40, 56.00)  33.50 (30.08, 40.00)
LVGLS (%)  —19.25(-20.53, 18.18) —17.95 (~18.53, ~16.85) —12.50 (~13.90, ~11.40) —8.05 (~9.98, —6.65)
ePWV (m/s) 10.23 (8.96,11.70)  11.74 (10.67, 13.07) 13.09 (11.54,14.14)  11.82 (10.89, 13.41)

Ea/Ees 0.53 (0.45, 0.62) 0.67 (0.50, 0.82) 0.90 (0.81, 0.95) 1.99 (1.52, 2.69)
ePWV/LVGLS ~0.53+0.10 ~0.70 £0.12 ~1.00 +0.22 ~1.51+£0.39

19 (63.3)

15 (39.5)

19 (54.3)

13 (43.3)

VE: pre-HF, OFERTHI; HFpEF, Sl 3R 0%E; HFEF, STl S08(Er0%; BMI, AE8E; MBP, T
YIBhlk R ; NT-proBNP, ZIEAKuGFISBEET/A, IVSTd, ik KA EE; PWTd, 4Tk KYEEEREE; LVDd,
EESFHRRIINE; LVDs, EERFRLINGE; LVEDV, EEHFHKRYIAM; LVESV, EEIHGRIIER; Ee’,
EF IR ELHE AR ER AT BR N K 0N B 0P 2 T W AR s SV, & LVEF, A=HM4%G LVGLS, A= AMNmE
BHNIAS, ePWV, fHTHBKIEBsE, Ba, FEhikaatt; Bes, Uik,

FHBE W EELRAFEVE WAL 1, S Fabnd A 22 5 Ve WAL 20 DUALIRI PR AR 4R EU B8 ik 2
TR EFER, Tl N NT-proBNP 2 F A Gi vt 3o DYZH A&7 K AR 2= (R R SR B2 . &7 5K ORI 5 B
JERE ZEOEEFKRRIANZ LOBWHRIANE EF5KF I JIEIR 8] 55 ] S 5 )~ x5 33 B 1 Pl AEL
(E/e’)~ fo O R IROR IZEAA Ao O WA R AR Ao % 47 153 U (Left ventricular ejection fraction, LVEF).
LVGLS. ePWV. Ea/Ees & ePWV/LVGLS ¥ BE 411 %% 5.
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Table 2. Differences in patient parameters between groups

2. RREEMARER

PH 1v2 1v3 1v4 2v3 2v4 3v4
PES, 22(%) 0.203
IR (E) <0.001 0.066 <0.001 <0.001 0.207 0.938 1
BMI (kg/m?) 0.122
MBP (mmHg) 0.058
NT-proBNP (pg/ml) <0.001 0.029 <0.001 <0.001 <0.001 <0.001 0.411
IVSTd (mm) <0.001  <0.001 <0.001 0.661 0.568 0.167 <0.001
PWTd (mm) <0.001 0.002 <0.001 0.113 1 1 1
LVDd (mm) <0.001 1 <0.001 <0.001 0.006 <0.001 <0.001
LVDs (mm) <0.001 1 <0.001 <0.001 0.005 <0.001 <0.001
LVEDV (mL) <0.001 1 0.011 <0.001 0.135 <0.001 <0.001
LVESV (mL) <0.001 0.493 <0.001 <0.001 0.049 <0.001 <0.001
E/e' <0.001 0.079 <0.001 <0.001 0.008 <0.001 1
SV (mL) 0.061
LVEF (%) <0.001 0.485 <0.001 <0.001 0.001 <0.001 <0.001
LVGLS (%) <0.001 0.042 <0.001 <0.001 <0.001 <0.001 0.003
ePWV (m/s) <0.001 0.006 <0.001 0.004 0.464 1 1
Ea/Ees <0.001 0.232 <0.001 <0.001 0.027 <0.001 <0.001
ePWV/LVGLS <0.001 0.016 <0.001 <0.001 <0.001 <0.001 <0.001

e PHAZZ M Bonferroni RIEGME. P1H < 0.05 AN ERAALGIHFE L. PHE, WHSRESEIRARZE
AT 1v2, XA pre-HF A A% R 1v3, XTIRZLF HFpEF A% R 1v4, XHRZHA HFEF 4145 7]
# 5, 2v3, pre-HF 40/ HFpEF 448 %5, 2v4, pre-HF 2041 HFrEF 4411825, 3v4, pre-HF 411 HFrEF 41

L8] 2 5t

3.2.ePWV/LVGLS: 5 LVEF E&4isirHEXMETES Y

i3t Spearman AT 7 ePWV/LVGLS 5 NT-proBNP. LVEF. LVGLS 1 Ea/Ees 2 [H] {14 5%
PE(E 1) iR RN ePWV/LVGLS 516410 DiRe4ain B3R MEAH G . Hrh, Ea/Bes 5 ePWV/LVGLS &
S AU, Ea/Ees s ePWV/LVGLS B, Joit 2l =11 Ea/Ees i 21 iKY ePWV/LVGLS #ER B0 %
53k St FREBeRE . TLAITFY VAC 4845 ePWV/LVGLS HIf E#WE8-0.645 (3£ 3), AUC =

0.953, & T Ea/Ees (€ 2), AR A = RAECEAS k.

Table 3. Diagnostic performance of VAC parameters for heart failure

5% 3. VAC $EfRFhDRBNIS B

E =2 AUC 95% CI P14 TUBNE(%) R (%) AR EITE
Ea/Ees 0.856 0.788~0.923  <0.001 0.728 0.967 0.735
ePWV/LVGLS 0.953 0.916~0.990  <0.001 0.893 0.933 —0.645

VE: P{HIY% T Bonferroni K 1E. Optimal threshold, tA:#W1{E .

Nt —BAUESE ePWV/LVGLS HIllm R HE, EE XA R SRR 1ICCs #EAT s mT A
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RALERINE 4 BoR, =M OISR PRI AT E RS, ePWV/LVGLS MR R AL =& 2 i

=]
= o

4. 7Hg
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Figure 1. Scatter plots showing the correlation of the ePWV/LVGLS ratio with A) NT-proBNP, B) LVEF, C) LVGLS and D)

Ea/Ees ratio

%] 1. ePWV/LVGLS 5 A) NT-proBNP, B) LVEF, C) LVGLS #1 D) Ea/Ees EL{EAYHE & 1 8L = &

VAC #iid 7 OBk BRI EAEH LR, HH Ba/Bes KA, VRN 0.3~1.3[5]. H
F Ea/Ees 5 LVEF ZJ#H5%, LVEF {##F 1E % KO FERT B 4 1) Ba/Bes tAEIE WG E PN, #ofmcyki@Eid
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Ea/Ees X 700 ERTHIEE AE RS . AW RiE7R, DA 8 S0 IRALK LVEF M1 Ea/Ees )2
SRS L, PR AR BB A FE AR R PP AL 3 1T S (1 VAC.

Table 4. Reproducibility analysis of left ventricular function parameters based on the intraclass correlation coefficient (ICC)

4. EEIREIERET ICC AT ESEM S

Parameter Intraobserver ICC Interobserver ICC P-Value
LVGLS 0.996 0.958 <0.001
ePWV/LVGLS 0.996 0.978 <0.001

GLS T MM/, W RV, SUstkm[15], WAL I R ICAE Th REVRAR K12 Wi 22 0 1 Pk
SR T LVEF [2], CHOEIRRMANNCHITarr. AR TR, (OEHTHF HFpEF. HFrEF 3%
) LVGLS 8%, X#tR, BIROFERTYSEE I HFpEF B35 EF IE%, (B0 gE sk o
Ak X EREAREAR—5, GLS i DA/EERA OHUIEE B 2 A E L S0 AL = e keig 2], O
WIS T RE T B S EOCR MLRE JIB#A%, AT S 8000 77 3 v E e 2R B [15] [16]

1.0

0.8

Sensitivity
o
o
{

©
T

~—  EalEes AUC=0.856

— ePWV/LVGLS AUC=0.953

o
i

0.0 : : : |
00 02 04 06 08 1.0

1 - Specificity

Figure 2. ROC curves of Ea/Ees ratio and ePWV/LVGLS ratio for the detection of HF
[ 2. Ea/Ees ELEHN ePWV/LVGLS LL{EH2M HF YIS I%AE ROC BhZk

cf-PWV & WAL Bl KA B[ 1 7]/ S bniE, (AR M IR RN H 2R . ePWV CHHIESEZ PN 3l
Jk LA 2 Py ] SEFE AR, HL 5 S E of-PWV R AH [ 18], Po-Chao £5 NIBUESE T /i ePWV 5.0 1L K B
BT INMIE[18], Ak, ePWV B A& O LB FUEARFET R IS TR AR[9] [19]. FEARFFH, @
FRNFE) ePWV B RAR T O AT EF MOZEE, #28 HF BiHEE AN HF 8 M EME A m. =
OEATHEH 5 O0EEHNN PWV IFRME R R ZR, X SHEARGRA K.

RUEATE AR ePWV/GLS OVl O3B F#H 1) VAC, DRI A0 B 02 O3 R E
FH PO M TR A . FALS R ER, OEATHEET ePWV/GLS B BAR T #FE AR, HEST OESE
¥ ; H HFpEF £ 5 HFrEF £ A/ ePWV/GLS fAE R 27 . X478 ePWV/GLS A AT LLX AN [F]L
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AU A ALK 5 AT AR O 2 i R 3 10 B K AR I, thAh, BEFUIE K I ePWV/GLS
5 LVEF. LVGLS X Ea/Ees &G0 0 IR fRbR & VMG . RN ROC HIZ15 51, ePWV/GLS BUZiE:
=T Ea/Bes, e, HiZWiGEH BT Ba/Bes. Xit—FiEsL T ePWV/GLS LA VAC
L7 A H O S T AR T AT

BIRTETE O WM T b0 RT IR Z MG SR, BT — B R R, M SR 0
ATHAEE T B S AT B . RIS e R AR PR B O A AE O LTy R B SR 100 A 15 52 4
WERA K BPIRTT, ARt U A 14]. N 1 9 O pr BB BBt g . Ses s, O
TR S R HGYT . BWFTCUESE, R IEYT AT DL S i R VAC, Bk A B2 A0 e = Dhfg,
Horr, M RIK R LB (ACEIHIF(ACEL). I %K E 11 2 44BH# 71I(ARBs) M — S Ak ng 2845 I iE 15
PUAIXF Ea/Ees HID5E MU R i [20], H Ea/Ees MG 5 /e E DR Al BRI GEA R [21]. AT 2 Y
W PRI HB 3 5, 220 ok I R AER-1 (GLP-1)¥R97 J5 PWV Rl LVGLS I SGEFE R T — UG T,
H PWV K% 5 LVGLS ByeiE 5 EA2<[22]. Kt VAC 7] LUA pre-HF B3E 2 W, 697 FI TG $2 4t
B

HAT, ePWV RHUE(E, GLS CECNH A OEIEIS 8, TRAMIR&BERMRF, Bnrm
It ePWV/GLS PP 2218 1 VAC. Rk, @I TEaIPPE VAC J7 7207 20 3 5 8 7 I PRS2 ik o
SEA AT

A FRRYE: B, AT pre-HF 2B R T afE . BRI ARE, BN REA—E
JaBR T, HFEAED /N, WRERZM ePWV/GLS [ AR EANS W RIME, 1E R Oitse, nRE2 IR
RN, BEAN, XTI EAF) B, 7R O ah A A A =4 2, DRk s Bk Rl R R
e 3 LAV AL o ASCRFE 8 B A UREAS AR — D S0 DX At Co LS AR 1 DX 3 A8 T FH 1 1R B A4 A
ML o AR O3 BT AR RO B N 2 S R RFAE G B P 2] 0 24 55 24 A0 R IR 0L AT 1R 20
YT AV SR B O g e b SR A P N7 e 757 2 IWS ~ [ B ke <ty e P g =711 S SO = 1
WL VAC 2R R, RRFRIFLH O, ¥ KRR, #—PWITiE. b L& 259769755
B Z6F VAC [5ema,  DUE O3 5T B3 T LAV T T &R -

5. &g
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