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(HE] BH HARFSCHBEFEM KRG EPAH) BH 59 FCIUKH(RVMW) Al o § %
(RHO) i sh h F A KA AR, Fik SWRESH 2021 F 3 AZE22022 59 AERERKRFIWES —ER
47 Bl &5 PAH & F 006 R TA#. B#HERE T P33 bk E(mPAP)>20 mmHg, M 3) bk #2 £ <<15 mm-
Hg M2 % [ A (PVR) >2 Wood #4569 BF % 2+ £ A N PAH 48; £ B2 45 # F % L mPAP<<20 mmHg ¥ #F %
SFMANFTRAE, MNEFLEAAES RHC iz A FMAEHA L FOHEMMXIHEF RVMW 2k 2
. R PAH AL CEEARNNG LT (GLS) &S FEREAFZHK(GWD &S FERA A (GCW) 4w
FEERLAH(GWW) &S EEARFEMS (GPW) &S EERKE AR (GSCW) & T Bu, e’ 4,
TAPSE. &S % Sk A EEHMRENLSH(RVFAC) & & T EARM A 2R (GWEMK T - B2, £ F A 4t
FEL(P<0.05), WMAEZEZ LS TMEN GWI,GCW,GPW.GSCW #3& FTAH S EF | (P<0.05),
PAH 4 &% PVR 54555 GWIL.GCW .GPW & GSCW # R 4F48 % H (r=0.672.,0. 755,0. 793.,0. 747, P <<
0.05),5 GWW A P %48 % M (r=0.496,P<C0.05);RVSWI 5 %< £ GWI,GCW,.GPW & GSCW # R 4748
¥ M (r=0.782.0.765.0.764.0.773,P<0.05),5 GWW X£48% M, & o +.PVR 5 GWI.GCW,
GPW & GSCW & B 448 % 1 (r=0. 612.0. 715.0. 744.0. 700, P <C0. 05); RVSWI 5 GWI,GCW,GPW %
GSCW H R 4548 % P (r=0.781.0.721,0. 789.0. 789, P<C0.05), 5 GWW A48 % (r=0.148,P =0.500),
F A B s . PVR 5 GCW .GPW & GSCW A R 448 % H (r= 0.733.0.755.0.722.P<C0.05),5 GWI
Z GWW A w54 %% (r=0.546.,0. 534, P<C0.05); RVSWI 5 GCW,GPW & GSCW A R 4F48 % M (r =
0.761.,0.746.0.735,P<C0.001),5 GWI & GWE & ¥ F48 % # (r =0. 564, —0.433,P<C0.05), Zif &5
S B B A EAE RVMW 48 # 4 & ik & S L 4 & PAH & %% 3 A R4 4E,
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[ Abstract ]| Objective  To investigate the correlation between right ventricular myocardial work
(RVMW) parameters and hemodynamic parameters of right heart catheterization (RHC) in patients with pul-
monary arterial hypertension (PAH) evaluated by echocardiography. Methods A retrospective analysis was
conducted on the clinical data of 47 patients with suspected PAH in The First Affiliated Hospital of
Chongqing Medical University from March 2021 to September 2022. Subjects with a mean pulmonary arterial
pressure (mPAP) >20 mmHg, pulmonary artery wedge pressure <15 mmHg,and pulmonary vascular resist-
ance (PVR) >>2 Wood units at rest were included in the PAH group;subjects with no intracardiac structural

abnormalities and mPAP <<20 mmHg were included in the control group. Hemodynamic parameters from
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RHC, echocardiographic indicators, and RVMW parameters were measured and compared between the two
groups. Results In the PAH group,right ventricular global longitudinal strain (GLS) ,right ventricular global
work index (GWI),right ventricular global constructive work (GCW) , right ventricular global wasted work
(GWW) ,right ventricular global positive work (GPW) ,and right ventricular global systolic constructive work
(GSCW) were higher than those in the control group,while e’ value, TAPSE, right ventricular S’ wave,right
ventricular fractional area change (RVFAC) ,and right ventricular global work efficiency (GWE) were lower
than those in the control group,with statistically significant differences (P<C0. 05). In both groups,the GWI,
GCW,GPW ,and GSCW of the right ventricular free wall were higher than those of the interventricular sep-
tum (P<C0.05). In PAH patients, PVR showed a good correlation with right ventricular GWI,GCW,GPW,
and GSCW (r=0.672,0.755,0.793,0. 747,P<C0. 05) ,and a moderate correlation with GWW (r=0. 496, P <
0.05) ;RVSWI showed a good correlation with right ventricular GWI, GCW, GPW, and GSCW (r=0. 782,
0.765,0.764,0.773,P<C0.05) ,and no correlation with GWW. In the free wall myocardial work,PVR showed
a good correlation with GWI, GCW, GPW, and GSCW (r =0. 612,0. 715,0. 744,0. 700, P<Z0.05) ; RVSWI
showed a good correlation with GWI,GCW ,GPW ,and GSCW (r=0. 781,0. 721,0. 789,0. 789, P<C0. 05) ,and
no correlation with GWW (»=0. 148, P =0. 500). In the interventricular septal myocardial work,PVR showed
a good correlation with GCW ,GPW ,and GSCW (»=0. 733,0. 755,0. 722, P<C0. 05) ,and a moderate correla-
tion with GWI and GWW (»=0. 546,0. 534, P<0. 05) ; RVSWI showed a good correlation with GCW,GPW,
and GSCW (r=0.761,0.746,0.735,P<C0.001) ,and a moderate correlation with GWI and GWE (r=0. 564,
—0.433,P<C0.05). Conclusion Echocardiography non-invasively assessing RVMW can more comprehensive-
ly evaluate myocardial function as well as the pathological and physiological characteristics of PAH patients.
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TR R A 3~5 A0 3 A B8O R EchoPAC v204
AR T Lo b, MR TR mE 20 0 A I = 2 e 5 i 0
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*x1 MARERKZLM RHC S L&

i H PAH #H(n=23) X R (n=24) X/ P
B/ 5/18 6/18 0.070 =0. 999
ER @ s, %) 38.9419.8 47,9417, 1 1.670 0.102
DR (x+s, K/ min) 79.0+9.0 75.0+8.0 —1.485 0. 144
WS4 e (x5 ,mmHg) 111.0419.0 125.0+13.0 2.859 0. 006
FFIkE (Gt ,mmHg) 68.0+12.0 77.0+£10.0 2. 883 0. 006
B DA BESF B0 (V)] 24. 695 <20.001

1% 1(4.3) 17(70.8)

JIE4 13(56.5) 6(25.0)

IIE23 8(34.8) 1(4.2)

3 1(4.3) 0
NT-proBNPIM(Q, Q) »pg/ml.] 252, 0(80. 3,1 021. 8) 50. 0(50. 0,107. 0) —3.532  <<0.001
HbM(Q, .Q;).g/L] 124.0(112. 0,143. 0) 133.5(130. 0,143. 3) —1.980 0.048
HLBEEHIMQ, .Q,) smmHg] 5.0(2.0,7.0) 4,0(2.3,6.0) —0.614 0.539
sPAPLM(Q, ,Q,) ,mmHg] 54.0(34.0,82. 0) 25.0(20. 3,28.8) —5.070  <<0.001
mPAPLM(Q, ,Q,) ,mmHg] 37.0(24.0,55. 0) 16.0(13.0,17.8) —5.391 <<0. 001
dPAPLM(Q, .Q;) »mmHg] 27.0(14,0,37.0) 9.5(6.0,11.0) —5.400  <<0.001
DA (s, L/ min) 4.7+1.2 5.34+1.8 1. 280 0. 207
DHEER G +s . Lemin ' e m ) 3.1£0.8 3.3%1.0 0. 947 0. 349
PVRIM(Q, .Q,),WU] 5.7(2.9,11.7) 1.4(1.1,2.2) —5.044  <<0.001
FLERIRAEIMQ, ,Q;) »mmHg] 1.0(—2.0,4.0) 1.5(0.0,5.0) —1.241 0.215
AL B EIMQ, .Q,) »mmHg] 55. 0(36. 0,83. 0) 28.5(20.3,35.8) —4.611 <<0. 001
SEXI M Bh kAR (e £ s ,mmHg) 9.543.6 7.542.8 —2.168 0. 036
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gZx1 MABFEIEKREMNF RHC SH LR
T { PAH 4 (n=23) Xt BELH (n=24) X/t p
AR (G £ ml) 59.6+13.8 69.7+21.8 1.875 0. 067
FEIEHIMQ, Q) . mL/m’] 40, 5(32.2,43.0) 44, 8(40. 6,50. 0) —2.320 0. 020
H O BN EMQ, ,Q,) »mL » mmHg + m ™ *] 17.4(11.0,21.3) 6.3(5.5.7.8) —5.129  <C0.001
x2 MEHEEEF OHESHILLE
S| PAH 4 (n=23) Xt HAZH (2 =24) t/Z P
LB RBHE G +s ;mL/m®) 24.6+7.5 23.5%5.5 —0.584 0. 562
Ef(x%s.cm/s) 75.8422.6 81.1420.7 0.825 0.414
el (z%s,cm/s) 6.942.9 9.1£3.2 2.425 0.019
ZEDERFMAIMQ,.Q,) %] 64.0(58.0,72.0) 63.0(58. 3,67.0) —0. 959 0. 337
Fel S AR (s ,ml) 35.2+14.8 40,97410.9 1. 520 0.136
Ll R (e £ s, L/ min) 3.0£1.0 2.9740.7 —0.471 0. 640
TAPSE (z &5 ,mm) 18.943.9 23.143.1 4,131 <£0.001
FOE S W@ ts,em/s) 12.143.4 13.942.4 2.085 0.043
FLE GLS [M@Q,.Qy) . 6] —15.3(—17.7,—10.8) —21.6(—23.4,—19.6) —4.779 <20. 001
RVFACIM(Q, .Q,) . %] 27.7(21. 8,40. 0) 44.5(43.0,50. 0) —4.780 <20. 001
% GWELM(Q,.Q,) %] 0. 91€0. 87,0. 93) 0. 96(0. 91,0. 97) —2.886 0. 004
FE GWI [M(Q, »Q;) »mmHg % | 581. 0(438. 0,692. 0) 422.5(372. 3,545. 8) —2.394 0.017
FiLE GCW [M(Q, .Q,) »-mmHg % | 726. 0(561. 0,906. 0) 492. 5(410. 3,584. 5) —3.533 <<0. 001
filaE GWW [MQ, .Q,) »mmHg% ] 68. 0(40. 0,108. 0) 24.0(14. 3,47. 8) —3.587 <0. 001
filE GPW [M(Q, ,Q;) smmHg 4 ] 708. 0(561. 0,860. 0) 486. 0(403. 3,583. 0) —3.299 0. 001
Fi%E GSCW [M(Q, Q;) »mmHg % | 694. 0(510. 0,845. 0) 479.0(398. 3,577. 8) —3.107 0. 002
2.3 AUEHE RVMW R 5B GSCW )5 T2 [H] g (P <<0. 05) , W3 3,
W4l B E A0 = I EE Y GWIL GCW ., GPW,
*3 MERE RVMW SE S ERERIM(Q,,Q;)/x£5]
PAH #(n=23) Xt BB (n=24)

A

fneE ] P ez ] Z/t P
filrE GWE(Y) 91.3(83.0,94.3) 91.7(87.7,95.0)  —0.593  0.553 95.7(89.3,96.6)  95.5(91.5,96.2) —1.065 0. 287
0% GWI(mmHg %) 605. 3(543.0,888.3)  491.3(378,0,635.7) —2.220  0.026 528, 84184, 2 389.94118.1 5.874 <<0.001
0% GCW(mmHg %) 840.3(644.0,981.7)  681.0(473.7,852.3) —2.524  0.012 609. 6+172. 2 431.8+122.4 9.130 <<0.001

Fi0%E GWW(mmHg %) 59.0(35.0,113.0) 54.3(29. 3,119. 0)

0% GPW(mmHg %)

F0% GSCW(mmHg %) 755.7(621. 7,896, 7)

—0.114  0.910
775.0(647.0,1 017.3) 615.7(492.3,781.7) —2.646  0.008

607.7(373.7,664.0) —2.433  0.015

32.8(15.6,64.4)  20.3(10.6,36.1) —2.357  0.018
593. 84170. 2 424.94:120. 4 8.496 <0.001
589. 44170.7 422.54121. 4 8.451 <<0.001

2.4 PAH 4% % RHC £45 RVMW A3 8948 %
M HF

PAH #£853 PVR 54 .0% GWI.GCW,GPW
K GSCW A B I 41 XM (r = 0. 672,0. 755,0. 793,
0.747,P <0.05), 5 GWW H p ML (r =
0.496,P <C0. 05); RVSWI 5 £ .0 % GWI, GCW,
GPW K& GSCW A K #f M K& (» = 0. 782,0. 765,
0.764.0.773, P <C0.05), 5 GWW JoAH K (P>

0.05), flBEECPLEE ), PVR 5 GWI,GCW ,GPW
K GSCW A B 40 K (- =0. 612,0. 715,0. 744,
0.700,P<C0.05); RVSWI 5 GWI, GCW,GPW
GSCW A B I M % ¥ (» = 0. 781, 0. 721, 0. 789,
0.789,P<C0.05),5 GWW JCH M (r=0.148,.P =
0.500), = [EfF.OAL S, PVR 5 GCW.,GPW K&
GSCW A R &% (r= 0.733,0. 755.,0. 722, P <<
0.05),5 GWI J¢ GWW A3 1 & M & % ( = 0. 546,
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0.534,P<C0.05); RVSWI 5 GCW,GPW } GSCW
HEIAEE (r=0.761.,0. 746.,0. 735, P<C0. 001) ,
5 GWI J¢ GWE £ i 8 M X (r = 0. 564, —0. 433,
P<<0.05),
2.5 PAH A %% RHC A% LB %L K%k
B HH AR P 5T

PAH 418 # ) PVR 5 RVFAC A K &5 M & 7%
(r=0.742,P<20.05), 54.0% GLS A 54 &1
(r=0.454,P<0.05); RVSWI f{ 5 RVFAC £ 4
AH M (- =0. 584, P<C0.05),
2.6 PAH &% RHC 5 & H A% eh4n ko4

PAH 4 # 1 PVR 5 sPAP.dPAP.mPAP £
B AH E % (- =0. 800.,0. 679.,0. 815, P<C0. 05),
3 i it

A HIF 5T 2R A 75 0 s | A PAH BE 1Y
RVMW 2%, k¥ PAH R E 4 0% GWILGCW,
GWW . GPW K GSCW # %} B8 41 F+ = . GWE 4% X} I]
2 REAR . X B AR AR 7E A7 0 ZE I B L B &, i — 2P
P ER, PAH B #1 GWI,GCW.GPW K GSCW
545G IM % 3 )15 28 PVR J RVSWI B & A0 %,
S5 75 0 3 B S 8O . RVMW BE T 4 1 i
W A7 0 5 T AR AIE .

RVMW 3 i 8 750 3l (B BE o538 B B R 38 B A o0
2= GLS, I-45 6 J0 A0 & (4 il ) ik 1k 75, 18] B 25 1 A
D AT 5 5 o far , BE B % 0 L 1 i b S e Cs LT
i, MANGANARO 2™ 5@ i £ 78 & 40 W1 & 3,
GWI.GCW 51 BB AHC . sPAP Ft & 5 8U5 7
ar G0, AT RE AT A7 O 5 5 D) 5 4 15 0 A KO, H
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PAH #E K RVMW S8 (% GWE 48 7HiE, H
M RE 5 = ) R 3 SR B 25 5 . e Ak, WAL R 3 1 )
BE RVMW ¥ 8 & F % [\ b . X 55 DIAB %7 78 JL
# PAH P 2518 — 380, IR kM, A0 = W48
Al BEDTHk 20 %6 ~40 %0 B A7 O = AR L L 2 E
R s A S, PAH B A0 2 W s
[B) SE 4, W] R SE 2 2 i B IOk e OC PAD , S 3R RE N ) B
T B MU B A 3 ol 446 B (] B2 K 0 2 )
AN TR A 2z Ja) B A2 B 1) 36 B e E TRV L ki 5 B0 O
TR AN B R R AT RHC il g A7 0
JE T3 VARG A 0 2 BT R AR 2 B ECRT 7 A . PVR PRAG S
g . AR P RO R R Mg g5 Y. Hoh, PVR
PAH 12 Wi | I 3 8h 71 2% 73 2 I 1) P74k v By &
TR, RVSWI 45 & 45 5 i 5 1l 20 ik &
I3 A S WA O AR S AR R s bR . HLAE PAH
R BRSO A . {3 RHC A B
S, BRI RE R (1 1%) 5T 20, 055 %) 5%
RS A TEHEAE S PAH Bl 45 FIA 2

RVMW J& — Fh B #8106 6] 8 7 .0 3h B 48 #x.
BUTCHER %" & M 45 0% GCW.GWI 54 41
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1 RVSWI B B 4156, PVR W 5 45 0% GWW,
GWE #H¢; LACERDA 254 i — £ % ¥, PVR 574
0% GWI.GCW.GWW GWE #4414 BF 57 45 %
B8, GWI.GCW.GPW F GSCW %4 RVMW £ 5
A E R RVSWILPVR M 56, H &2 M R4, jESe
RVMW HF il PAH B O W48 e B nl 174k
E—2 b KB, PVR 58K L= B GWW & i
A B BE GWW 54 B 5 6 A & L X AT
AE5 PAH B3 M BE O JULAE S 430 3l i 3 s A Can il
45 J) 0B K R A5 25 T 5K 0 4 D T A G

& G5 7 0 3 B VR AS A7 0 = T RE Y 38 A B4
R IIHE(TAPSE A0 % S™# A 0 FE GLS) fil g%
RIIE(RVFAC, Tei #5500 BI2E7°Y, HE S
AL EL = b A T8 A PE A K M A = T
RES . RAF RVFAC X i faf bR A sk, (H L4t SR 2 A2
2 IRE K A 1l f iz 3 i 52 . R 99 A A O =
R IEAE T, T RVMW il 8 4 5 o R &L /T
J2 W A o -l 0 R A IR A AT REORG o PR A0 &
WedrTh e . E A I B8 . RVMW S 505 14 4
fil E e e Ar TAPSE, £ 0% S I A7 76 4 5%
PESY (H B Z 4% RVMW 2805 RHC 2 %0 Cn
RVSWI.PVR) M PE A #F 58 . ASBF T 45 R R . %
GiA7 0 IREFE B P AL RVFAC 5 PVR,RVSWI #
X5 T #e ik GCW . GPW .GSCW K Ml B GPW . % [A] [
GPW 5 PVR AR F RVFAC, A& ) BE
25 6] B O LSl 8 B0 5 RVSWI (1 A0 56 o [ #E i T
RVFAC, $#8/8 RVMW #A% 48 — 4k 5 2 500 e A 1
AN A D E IR

AR FEAEAE — 58 Jmy BR M - (1) o0 ILAS 2l 20 A v BT
SR FH 4 Bl 30 B O 7 Pl = 4 I R WA 1 B A L X T
fE 52 M o JULARCZ0 VEAG B9 w5 (2) AR BF ST RE A 2 85
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