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HE: B3R R MR L B I3 kW FErE4L (CAS) Fifr 54 D E - i3 Bk #E Bk (right ventricular-pul-
monary artery coupling, RVPAC) J5RER; 1745 PA=4EBE rUE BRH AR (3D-STE)IRB A L E B BEYL 1]
N3% (RVFWLS) 5 fifish Bk ik 45 & (PASP) 2 L. (RVFWLS /PASP) RAE i T AIRE B AR O S I IME . 532 &
SMNE R MERE1176], HISEGEFE SRS ALRRE(n = 50) 5FHRA (n = 67), HfE
xR (n = 30). BT ZAERZH N BGE 5 R E W R 2R E (cIMT) FTHE 18 5 33 Bk
43 (carotid plaque score, CPS) PP CASHFT. N LM 7= 03 B & 42 .0 Z 47 7k R 4 (LVEDD).
EFREEAVSd). LOZFEEE(LVPWA). FIKINEESH(E. A, e)RALES M (LVEF), it
HELERERBLVMID), FHWEL O EmMARBUSH(RVFAC); MEALHE SN E=RWIFUE LB
(TAPSE); &£ E & =R KR EE (TRV)THEPASP (PASP = 4 x TRV + RAP; RAPAAG L
BE, KETEHKANZSRSBEEME), MA3D-STERE A O = Z [ [FM M 2 (RVSLS) 5
RVFWLS, i+ EAIREE8RRVFWLS /PASP . K FSpearmanfkff X415 £ 7o.4: 4 B IR RVPAC
ECASHFEEZENRR. £ : FRRARMESREWIVSd. LVMI. E/e’. PASPRIMT¥BE R TH
fliB4, E/A. RVFWLS, RVSLS. TAPSE. RVFACXRVFWLS/PASP3 % [£K (35P < 0.001) . Spearman
AKX T ER, cIMTE CPSH) 5RVFWLS/PASP &2 7 A% (rs -5 8-0.7615-0.663, $JP < 0.001).
EXHANRMEESE (n=117)MBHZ oK EREFER S, RIEFER. 4AE, 0E. LVMIGHKIIES
H(E/A\ E/e")Ja, CASTEE ((ENESLR B A 74 %K) 5RVFWLS /PASPI £ i AHK (3P < 0.001),
HPFECASHFTINE, RVPACEZIMER T, WERE N EUEE R EZ ST E/R, RVFWLS, RVSLS
KPASPHIMIEEE RIFH—BEACC > 0.85). 4it: ERRMFEMEREF, CASHFTSRVPACE
THMSLAER . BB B CASHR /RN IR AR B — A LI R E M B R R R .
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Abstract

Objective: To investigate the association between carotid atherosclerosis (CAS) burden and right
ventricular-pulmonary arterial coupling (RVPAC) in patients with primary hypertension, and to as-
sess the utility of a noninvasive coupling index (RVFWLS/PASP), where RVFWLS is derived from
three-dimensional speckle-tracking echocardiography (3D-STE) and PASP denotes pulmonary ar-
tery systolic pressure. Methods: We consecutively enrolled 117 patients with primary hypertension,
stratifying them by carotid ultrasound into a no-plaque group (n = 50) and a plaque group (n = 67);
a healthy control group (n = 30) was also included. All participants underwent carotid ultrasound
to measure carotid intima-media thickness (cIMT) and calculate the simplified carotid plaque score
(CPS), thereby quantifying CAS burden. Transthoracic echocardiography was used to measure the
left ventricular end-diastolic diameter (LVEDD), interventricular septal thickness in diastole (IVSd),
left ventricular posterior wall thickness in diastole (LVPWd), diastolic function parameters (E, A,
e’), and left ventricular ejection fraction (LVEF); to calculate the left ventricular mass index (LVMI);
and to measure right ventricular fractional area change (RVFAC). M-mode echocardiography meas-
ured tricuspid annular plane systolic excursion (TAPSE). Continuous-wave Doppler measured the
peak velocity of the tricuspid regurgitant jet (TRV) and calculated PASP (PASP = 4 x TRV2 + RAP;
right atrial pressure [RAP] was estimated from inferior vena cava diameter and inspiratory collaps-
ibility). 3D-STE obtained right ventricular septal longitudinal strain (RVSLS) and right ventricular
free-wall longitudinal strain (RVFWLS), from which the noninvasive coupling index RVFWLS/PASP
was derived. Spearman’s rank correlation and multiple linear regression were used to assess asso-
ciations between RVPAC and CAS burden, as well as other covariates. Results: Compared with the
no-plaque and healthy control groups, hypertensive patients with carotid plaque had significantly
higher 1VSd, LVMI, E/e’, PASP, and cIMT, and significantly lower E/A, RVFWLS, RVSLS, TAPSE, RVFAC,
and RVFWLS/PASP (all P < 0.001). Spearman’s rank correlation showed that both cIMT and CPS
were significantly inversely correlated with RVFWLS/PASP (rs = -0.761 and -0.663, respectively;
both P <0.001). In multiple linear regression models restricted to the hypertensive cohort (n=117),
after adjustment for age, body weight, blood pressure, LVMI, and diastolic function parameters (E/A,
E/e’), CAS severity (modeled as a continuous variable or as ordinal categories) remained inde-
pendently and inversely associated with RVFWLS/PASP (all P < 0.001). Moreover, increasing CAS
burden was associated with progressively worse RVPAC, indicating graded deterioration. Intra-and
inter-observer reliability analysis demonstrated good reproducibility for the measurements of
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RVFWLS, RVSLS, and PASP (all ICC > 0.85). Conclusions: In patients with primary hypertension, CAS
burden is independently associated with RVPAC impairment. Quantifying systemic atherosclerotic
burden using carotid ultrasound may provide a practical prompt to undertake further right ventric-
ular functional assessment.
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1. 5]

e I s 72 S B0 I LB i () B fa P R 2, FOm B AR B2 i) AR PR T 760 R 88 AR B ik
JRALIE I 2 AL R A O D Re S IMIEFA[1]. ShAK sk AEE 1 (atherosclerosis, AS) e i il & UL I L 5 &
JEMEL SR B2 — o BBV NG SR R G R & 1, e A s rh 2R B2 (cIMT) MBS g 492 T
PGS PE AS IIARRE . H AT, 0T J5UR M v L s A8 AS XA 0o 26 S5 A7 AT A DI R FRT2 0] 1) 2R 78 9018 B o

L ZE D) Re A RE B UG M E N R A0 % - s k#% K (right ventricular-pulmonary artery coupling,
RVPAC) [ WA O 2 4 Dy e 5 H G (g (Il ik &) I ILECRE RS, R 4EReA OO ReRIZ M. — B RAE
RAREG, IR OIIREHAE A R AE, A RTEEVIMER[2]. BFFAERM, KEET T
Bk AP IR Re RS 5 20 by T, H DLS BN E PENLE] Dy S BB R T A 0 e A
B, HE—PHINA E)E fue, BETTRSI RVPAC [3]. A5 B F 4 O = W0 4i K 15 (end systolic elas-
tance, Ees)-5 fili 3l ik 5. 14 (effective arterial elastance, Ea)Z Lt Ees/Ea #i N 1Ef5 RVPAC K& briE[4], 1EIE
PRI FHZ IR . IRk, ToRLEATRAR, W =2RIEIAr A% S5 it sl ik Wi 4i k2 EL(TAPSE/PASP), C.4
]z FF PPl RVPAC [5]. SR1, —=4ERE RUBEAHRGD-STE) Al B i 5 5 v R S PR DAt A 0 50
WUBAL, JCHAE A O 2 B BEY 7] N AR (RVFWLS), BN N 32 S [AIRE S Do fomi, ) 2 [ A G ] Wi
45 S MU 6] I, RVFWLS 5 PASP 22 EL(RVFWLS/PASPYE Ny — i AL QIR ER S 5, e Mish ik =
JEEE NP BoR H RIFRAFTR(7], EIAEE IS AS ABFH o oK 91 .

AR N BB K 75 5 3D-STE, B AEER I 5 A 1 & I s 5655 29080 ik s A A 4K (carotid athero-
sclerosis, CAS) i fif#2£ /% 5 RVPAC IRAZ [RIIAHICH:, iRm0 A O DhRESZ i) i fe N ER (I i 52
B

2. SMRMFE
2.1. HARMNHR

HEAEYAN 2023 4F 7 H & 2024 4F 8 HAEARFTHE I Ry I B3 117 4.

PANKRAE: (1) F# 18~80 &5 (2) & (HHEE M ERETEFT (2024 FAEIThR)) (8112 WikniE J5 K&
PEwI I R E R PR ZG R0 UL R, AERIH 3 Vil I K 27>140/90 mmHg;  BEEEA: CL2 s I K
H M FT B F R 2, B il AR T BB FE, (3) SO

il
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HEBRARTE: (1) A2 G 4 PASP > 50 mmHg FIfishlkmE; (2) AOEFMAE <50%; (3)
HRE S UL B O RIS s (4) Se RMECIERT: (5) 121k FHZEVERZER . Jifike 2E 5O fh O 0 S 806 O 5 5fif
BN R : (6) Lo b5 BB B AR R O (7) A BRI EAE, JoiE5E Rk 3D-STE 4317«

FEAR RN R (n = 30), RIET R RESE, HifiEIES, BMELOMERRL, Eh5kha
RMFH

2.2. IERFRIE

W NN 22 5ImR TR, WRENER . Fie. Bm. RE, JRHEAEERBMD AR R(BSA);
LN PR W SO 1 e 32 SRR 7 =1

23. FEIpKEBERE

18 F] Philips TE33 (L11-3 #83%)5 Mindray Resona 7EXP (L11-3U 8 3k )i 75 ASGFE47 2005 fik i 75 46 25
A BUPEML, 780 BB . ME: (1) cIMT: PRSIk AL 1~2 cm S Py I & s b 2 R B
BN IIE ;s (2) PEERIFAL[9]: € X cIMT > 1.5 mm, ™Y H T I8 s P B =) PR 4 186 5 5 & | cIMIT 1) 50%
NBEH. DR BEHE S R KRS, THEE 5SS KBEEA 4 (CPS) [10]: 0 4y = LBEHL: 14 = A
B HRREE <2mm: 247 = BAREKRER >2mm, SEZANRREFTARIERE <2mm; 3 7
= ZAPEYHAT —BEEE > 2 mm. FRIEIBNIKEE S S5 R, R SR 1 = I SR 4 N BB (n = 50)
H5HBEHHA M =67).

24. BRUSEKRE

f# Fl 6] — & Philips EPIQ 7C A 1%, B4 S5-1. X5-1 453k, Ay UG R4 540 th W5 4 0} i 5 ko
A 2 LB TR IR R DR 5E A R WU A O = AP IR R AN 42(LVEDD) % A [ B E(IVSd) 5 4
0% 5 BE S (LVPWA), 15 O % i B35 B (LVMI) .« K F XCF 1 Simpson 200 42 0 28 5t 117> $(LVEF).
7 P Jok b 22 e S0 B QI 1 LA ATIE (B A U6), 4143 22 3 hil i — 2RI 5= A1) B 00 K B &7 5 5 300
ISR o' (BT IIME), 5 E/A 5 Ele'thfH . 7ECARDUSE oY, I E S 2 3% hil & = 2 KR
T FE(TRV), FFARYE T s ik A% S W U3 b 24 545 40 75 R (RAP) IE 5 # RAP =5 mmHg, U4 10
mmHg. WKHE A SR FE i S sh Bkl 46 [ (PASP): PASP =4 x TRV? + RAP. REGFTEELHOLE
ORI O = 4E X EE, S TomTeec TAESBNL AT BAFH LA OEOWNBATR, X
WAEX AT F AR G A A O = = 4E 8, HfF H3I3RE0 3D-STE S48 450 % % [ fa H\ n) S AR
(RVSLS)5 RVFWLS, iR ICAIREEE R RVFWLS/PASP.

2.5. G FEAE

KA SPSS 27.0 BMAFATSLHH M. FERKRAEESHRRS, FEESHE UMME + sz
(X+s)FTm, ZHWERAEZE T Z W (ANOVA, WLENHHTHEEZ EEE): FIESHRE LA
(M) S VU3 BrE (P25, P75)% 7, KM Kruskal-Wallis H #5536 . iU B LAMGI(%)E R, KA 2165 . F
F Spearman FAHKAHTIFAL cIMT. CPS 5 & A SHZ MIAHCME. EmILUEEE @ = 117)+, Ll
RVFWLS/PASP NNAZ S f 5 2 et AR, ROEFERS . AE, ik, LVMI &EF5kDIReS5, R
CAS %I RVFWLS/PASP (1541, CAS 1ERNIELLAZ BRI cIMT; {E A FAL RN CPS 4r44(BL CPS
=0 NS M) — SRS : HH P 44 B IT A 7 06T BEATLZE B 30 91 52038 I G 3T B V5 70 A, Il RVFWLS
RVSLS J& PASP. tHEMEEE N S&UEEE 18] ()2 N AH K R E(ICC) I 4T Bland-Altman 73, L4 P <
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3. 458
3.1. BEEEKIGKRAREEE

LA 147 BTN 5, XPHRZH . ToBERAE 5E SR 5300 30 . 50 . 67 fil. —=ZH1A) & .
BSA S JF [ 9y = ARG PR T 2 1 e % v s R T o 1 I [T 22 e 3 e Gt L (38 P> 0.05).
X HRAHAR L, TEPEE A BEE A R . BMI 5 R, ZR8A 40245 L3 P<0.05). Fm Ik
WAHTCPE A S5 A BEH ) 2 (8], FIRIEARIG IR R 2 R 8 o4t (3 P> 0.05). W4 1.

Table 1. Baseline characteristics of different groups

= 1. BER—RIEH

— R BOR o IR TBEHLA oA FlAH 8 P{H
(B2, ) (14/16) (24/26) (37/30) 0.884 0.643
FR(Z) 53.47 +5.46 57.16 + 7.99° 60.09 + 7.94 11.262 0.001

5 i(m) 1.65 £ 0.07 1.65+0.08 1.66 +0.07 0.116 0.891

1R (kg) 64.3 (60.8,70.8)  70.0 (64.8,75.0)*  70.0 (65.0, 75.0)* 8.678 0.013

BSA (m?) 1.73+0.14 1.78 +0.17 1.79+0.15 1.639 0.198
BMI (kg/m?) 24.12+2.76 26.08 + 3.46° 25.93 + 3.04° 4315 0.015
46 JE (mmHg) 127 (120, 132) 155 (146, 166)? 160 (150, 179) 74.828 <0.001
#7k E (mmHg) 80 (72, 84) 99 (90, 101)? 100 (90, 105) 59.109 <0.001

4 JH [ B (mmol/L) 4.60+0.76 459 +1.08 424+ 1.07 1.308 0.276
i =Ef(mmol/L) 1.17 (0.76,1.66)  1.21(0.99,1.83)  1.20(0.94,2.19) 1.174 0.556
{&%%ii%iﬁﬂﬁ 2.88+0.56 3.04 +0.99 2.87+0.98 0.249 0.780
i L M 1.22(1.03,1.46)  1.15(1.05,1.44)  1.14(1.01, 1.26) 1.158 0.560
(mmol/L)

BWIEEHE B (g/L) 0.65(0.53,0.81)  0.62(0.46,1.67)  0.74 (0.46, 1.24) 0.583 0.747
W 08 5k (1511/%) 9 (30.0%) 16 (32.0%) 28 (41.8%) 1.790 0.409

E: SxXTAMLL, 2P <0.05; 5EBEHAMLL, *P<0.05,

3.2. BEMBAES 3D-STE 8¥ LR

N,

— 418 LVEDD. LVEF ZS¥ Lg% 5 L, ARHHAEH P IVSd. LVMI. E/e'} cIMT ¥ RE =
FHAWA, E/A BEFRTHAWAHDI P<0.001). A LEINEESHUTIH, B4 PASP BETH5E, 1M
RVFWLS. RVSLS. TAPSE. RVFAC } RVFWLS/PASP ¥J&2Z &3y P<0.001). W% 2.
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Table 2. Ultrasonic parameters in each group

F2. BENBESY

fEENaE 2 X HEZH ToBEHA HIEHA FIMH1E P18
LVEDD (cm) 4.67+0.24 4.65+0.24 4.65+0.38 0.084 0.919
IVSd (cm) 1.00 (1.00,1.00)  1.00(1.00, 1.20)*  1.20 (1.00, 1.30)®  34.211 <0.001
LVPWd (cm) 1.00 (1.00,1.00)  1.00(1.00, 1.00)*  1.00 (1.00, 1.10)*  17.622 <0.001
LVMI (g/m?) 94.29 +9.50 9873+ 11.2 105.29 + 18.042 7.648 <0.001
LVEF (%) 61.5+2.05 62.14 +2.25 61.51+2.57 1.188 0.308
E/A 1.00 +0.29 0.79 + 0.19* 0.66 + 0.15% 22.103 <0.001
Ele’ 9.96 +2.39 10.25+2.27 11.92 +3.16% 7.844 <0.001
TAPSE (cm) 2.17(2.06,2.34)  2.15(1.97,2.31)  1.97(1.86,2.13)®  13.918 <0.001
PASP (mmHg) 2433 +538 26.80 + 5.88° 30.82 + 6.26° 14.151 <0.001
RVFAC (%) 5430 +3.41 51.28+3.81° 46.67 + 4.97% 36.988 <0.001
RVSLS (%) 2471+ 1.14 ~23.30 +2.06° ~19.99 = 3.05% 61.035 <0.001
RVFWLS (%) ~29.36+2.23 ~26.55+3.37 ~22.46 + 4.04% 57.613 <0.001
RVFWLS/PASP (%/mmHg) 1.28 +0.38 1.04 + 0.26° 0.75+ 0.2t 38.946 <0.001
cIMT (mm) 0.85(0.80,0.90)  0.98 (0.84, 1.10)*  1.30(1.20, 1.40)®  94.824 <0.001

E: SxXTAMLL, 2P <0.05; 5IEBHAML, P <0.05,

3.3. CAS BESALE - FizhbkiaRAEX S5

Spearman FEAH 1 7%, cIMT A CPS 5 5 RVFWLS/PASP {2 FH % (r, 20 1) 8—0.761 5-0.663,
¥ P <0.001). cIMT #1 CPS #35 PASP £ %3 IEAHK(r, = 0.524 5 0.435, ¥ P<0.001), 5 RVFWLS
B I3 A2 (1, = —0.620 5-0.575, ¥ P<0.001).

3.4. XBEM

ESRNTESM S

X BEALIEE ) 30 471521 (i ae =24 T E R E . RVFWLS. RVSLS J PASP [ %3 N ICC 43
574 0.962. 0.969. 0.988, W< 8] ICC 43514 0.945. 0.931. 0.981, F I it K 1F . Bland-Altman
M RN ELE N KW 8L 1] RVFWLS. RVSLS. PASP £7 T-+1.96 itk [X 7] 41 (%3 o5 HE341<10%,
BB T E R AT R, WA 1.

3.5. MG ILE - FEIBKBERAY % T EVA o4

TE e I S35 71 DL RVFWLS/PASP A RAR ST 2 Je 4 it mH 04, 7ERRIE T4EE8 . (A, 0T
AE(LVMI. E/A. Ele")Ji, CAS F&/E5 RVPAC {27 fidioc. ¥ CAS 1ENESZER, L5
RVFWLS/PASP 2 53 fAH (P < 0.001). K CAS 4% CPS #HTH /3%, B CPS=041, CPS=24
A1 CPS =3 ZH#") RVFWLS/PASP &% [#{K(3Y P <0.05), HZHHFELFE CAS T mminE. Wik 3.
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Figure 1. Intra-and inter-observer Bland-Altman plots for (AB) RVFWLS, (CD) RVSLS, and (EF) PASP
1. MEERNKRMEHE(AB) RVFWLS, (CD) RVSLS. (EF) PASP &Y Bland-Altman [£]
Table 3. Factors associated with right ventricle-pulmonary artery coupling by multiple linear regression analysis
3. WA LE - EfREK R 2 k=30
H A B SE B 18 PiA VIF
S -0.001 0.003 -0.019 -0.239 0.812 1.487
NG —0.003 0.002 —0.114 —1.631 0.106 1.102
e 0.001 0.001 0.056 0.598 0.551 1.971
FFok -0.002 0.002 -0.079 -0.892 0.374 1.754
LVMI —0.002 0.001 —0.128 —1.708 0.091 1.270
E/A 0.131 0.113 0.088 1.161 0.248 1.277
E/e’ 0.001 0.007 0.015 0.198 0.843 1.222
CAS 2R (LA i) -0.852 0.101 —0.642 -8.404 0.001 1.311
CAS FREH L E) PL CPS =0 NS
CPS=1 —0.067 0.066 —0.084 -1.014 0.313 1.328
CPS=2 —0.143 0.065 —0.175 -2.209 0.029 1.199
CPS=3 —0.331 0.050 —0.584 —6.567 0.001 1.513
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4. Whig

fa ML 2 A RV 9 5 00 I U SR T 5 80 M E BRI R . WATIR S RN, FRIE BN & 1
JE IR LIH 31.6%, FERGIRFFEINE11]. KPR, X ARZRETAOEIRE. O Lk
i SRR s AT, BRI R M, SRS TR O - R AR R R, T
FL RIS TS [12]. CAS AF g ML 5 WL IR ML I ORE B2 M 24 v XU ) B ZE Tl b, R ]
A5 AS fig. HAT, il S S IR OPAL 50 0 - PR D) Re VP AT AT AR B R (A2
TAFAEMSL T /e 0 D RE ) N ZE T3 B AR FHBG 28 0GR 78 70 B W o ASHIE SR 82 S8l ik 75 55 3D-STE, S 1E
PRIF R M i U B8 CAS 5 RVPAC 1% A I R P28 B 4 35 2 [ () 5K, AR A O BhRESZ 41
SRR A o

FEGi 1 RVPAC IS A B S48 25N E Ees Ml Ea, MELATEIRIR) ZMH. fEAKA] RVPAC
PPtifESR, TAPSE/PASP CLIEM Bk 5 B 15 BI5HIF[13], 5 Ees/Ea AHGMERLF, FIENBRIEFS
Z—; 1H TAPSE A& %) %0 = J LA 458 5 i pIRA&S 20 . 3D-STE 7] 381§ RVFWLS, 48 hsx L i
LhREARAL U 14]. L RVFWLS 5 PASP 2 HL(RVFWLS/PASP) i RVPAC, #; TAPSE/PASP £l H H
FERIAR M S X 4y FE[6]. B Z B H T Mk Z S — S Wi, (R A3 3 A . A LRI,
TER R R B, CAS 5 RVPAC ZHREAAK . 5 IOz kg i i & B Z A0 L, fEpidas
f) PASP JFiE« RVFWLS F#M%, — 3L SH L RVFWLS/PASP £AEH) RVPAC & N, iXHER CAS
50 L ) ML BB A 0 B S SR S v W AR B VRS, T AR AL TARR IR SZ ) AR B . [FIBF, TAPSE
5 RVFAC 7 bi&a#h 5 LR g5 B —5, E— P H5e 7 250 i ml gk

AFFCRIL, S CAS Fifif P IS FR(CIMT F1 CPS)¥J 5 RVFWLS/PASP LUfl & 5% fikix. £
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