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Medical Center, Binhai Campus, The First Affiliated Hospital of Fujian Medical University

Abstract:  Objective To systematically integrate echocardiographic parameters (including right heart structural and
functional indicators) and clinical features (biomarkers, heart function classification, and underlying diseases) in heart
failure (HF) patients, and to construct a multimodal predictive model for pulmonary hypertension (PH) and validate its
Methods

diagnosed with HF combined with PH by right heart catheterization (RHC), including 18 cases of isolated pre-capillary PH

diagnostic efficacy. A total of 146 HF patients were included in this study. Among them, 105 patients were
(pre-capillary PH) , 56 cases of isolated post-capillary PH (Ipc-PH) , and 31 cases of combined pre-capillary and post-
capillary PH (Cpc-PH) . The accuracy of echocardiography (ECHO) in diagnosing PH was evaluated with RHC as the gold
standard. Based on this, a multimodal predictive model was developed by integrating clinical features, biomarkers, and
ECHO parameters. The model's predicted values were assessed for correlation with major clinical adverse events (including
HF rehospitalization, respiratory failure, pulmonary encephalopathy, and death) using the Cox proportional hazards model.
In the validation cohort, 50 HF patients (36 diagnosed with PH) were assessed using the receiver operating characteristic
Results In this study, 71.92% (105/146) patients with

heart failure were diagnosed with PH according to the new guideline criteria (mean pulmonary artery pressure, mPAP >

(ROC) curve to evaluate the model's diagnostic performance.

20 mmHg) . The efficacy of echocardiography assessed pulmonary arterial systolic pressure (PASP) was limited for
diagnosing PH, with a sensitivity of 53.3% at the optimal cutoff of 46.5 mmHg. Based on the results of the binary logistic
regression analysis, we constructed a multimodal predictive model with the following scoring formula: PH score = 0.185 x
I (brain natriuretic peptide™> 358 ng/L) + 1.243 x I (left ventricular ejection fraction<<54.5%) + 3.580 x I (end-systolic
right atrial area>>20.5 cm®) + 4.180 x I (right ventricular end-diastolic diameter>>3.26 cm) + 2.883 x I (tricuspid annular
plane systolic excursion/PASP ratio<<0.325) + 1.965 x I (atrial fibrillation) —6.865; where I(-) is the indicator function,
taking a value of 1 when the condition is satisfied, otherwise 0. The corresponding probability for this score is: P = e ** /
(1 + e™s*)  The predictive performance of this model was significantly superior to that of any single ECHO indicators
(AUC = 0.955 vs. 0.792 [the highest AUC for a single indicator, achieved by tricuspid annular plane systolic excursion/
PASP ratio], AAUC = 0.163, 95%CI: 0.078 to 0.242, P<< 0.001). The model's predicted values were also significantly
correlated with major clinical adverse events (HR = 14.985) . In the validation cohort, AUC = 0.960 (95%CI: 0.912 to
0.999) , with a sensitivity of 77.78% and specificity of 92.86%.

echocardiographic parameters and clinical feature variables to construct a multimodal predictive model for PH in HF

Conclusions This study successfully integrated core

patients. The model can accurately screen for the presence of pulmonary hypertension in heart failure patients non-invasively
and its predicted values are associated with adverse prognosis.

Keywords: echocardiography; heart failure; pulmonary hypertension; multimodal model
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# 75 .0 3l [ (echocardiography, ECHO) 54 0> 4
¥ 4% (right heart catheterization, RHC) f& -4 PH {420
Wi AR . ECHO W] 3E i = IR S It g {3 J32 AN A 0
J F R A S5 i 20 ok e, G L T B R 34 S ] Ak
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B[40t 5 T A= 40 21 (World Health Organization, WHO)
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1 W&EE5FZE

1.1 BFRIEW BB Pk AR ER R R
B — B B A H R 2 AR 1 B g A A B B o0 IS PN B
2022 4F 1 F % 2024 4F 12 H 19 544 B B2 W0 )
T Y R B, o A 146 )[Rl HEAT T RHC Al
ECHO ¥4 . % RHC #1112 PH A 105 i, it —2543
A B4l A0 148 7T PH(Pre-capillary PH) 18 4, P4
40 1fiL 4% J5 PH(isolated post-capillary PH, Ipc-PH) 56 i,
B4 1045 5 R 0 10 A HTTR 51 PH(combined pre- and
post-capillary PH, Cpc-PH) 31 4], B 1/ WL 2%, ic sk A R
Ff . WP LA 1. AR R T A Y T AR A
SR FH A BB T R E, 4 A 2025 4F 1 A 2 2025 4F 4 A 1F
A R R A B 2 — B e A3 B 12 Ay o0 7 vt HL )
45 RHC FI ECHO £ 4Ar 1) 50 f3i] £ 5 #EA T 9k

Rifi 7 it (1) vl BE 15 B[] 45 : RHC RS 2 6 4
HOE3 A 812 D L 55 24 D H B TREDS, BEf5 4 12
MHBEVI—K . () BV it 125 A iiRbED;
KA T REic sk, BEVics PH BE A RS
e, A dEC 1 R AT B (G 7 3 i e R AR ) | I
v [ ik 1L 48 43 FE (partial pressure of arterial oxygen,
Pa0,) < 60 mmHg(1 mmHg=0.133 kPa) Fl & 3 Jjk IfiL
& Ak 43 JE (partial pressure of arterial carbon dioxide,
PaCO,) > 50 mmHg, W %R A T 1154 & & 48 £ (PaO,/
W NGRS ) < 300 mmHg] . il tE i (12 P Jiti 350 95
SRy, WU e vl N ORGSR SR, A5 A R
FHERR HoAd G I 3= ) L SR T % . ERAR R T R R
PRZE 51 23 B AL (AL HES - LY2024-082-01) o 7E i BA
Firh, & S 5 B AL A 5 1 AV R &

MAbRIE: DFEW =18 & QFFFE BRI ) il
i AR AR, 20 24 .00 JIE 3 23 (New York Heart Associa-
tion, NYHA) .0 BB 402 T ~ IV . ki F1) FR 4 ik (brain
natriuretic peptide, BNP) =100 ng/L {5 ; QA &5
BE A B G R A, JF 52 RHC.

HeBRFRE: O 1A H N2k ik es G4 . 1 i
BEAN L A AN A I B B R AR OR Y AR
()0 1 P 2 oK 05 ) JB AT ™ B I VR R R 0 s D4
O R L A TR PR A Y Lot s R L B2 R S B
i U @ A T RN A, BN ERUE T
R <30 mL/(min-1.73 m*); DIELES 5 HAh I AR 5T 5%

2R @A JE R B 01 25 B AN R P

W bR : AR I8 WO U JIE 0 272 25 /0 I 1~ 25 fifi
Sk RIS RGY T 5 S N, PH A8 W L i EUIR
AT, & RHC Il =& /9 °F 34 i 3l ik e (mean pulmonary
artery pressure, mPAP) > 20 mmHg(IH #5 ¥ : mPAP=
25 mmHg) . RGBT PH bR il 6 40 i S8+
(pulmonary capillary wedge pressure, PCWP) <15 mmHg,
PVR>2 WU, 54l £ 40 il % J5 PH 5 # : PCWP>
15 mmHg, PVR<2 WU, B4l 1l 45 5 F1 6 40 1 & 7 iR
41 PH #5#fE: PCWP>15 mmHg, PVR>2 WU,
12 lEREZENKE OF®B. il 5. &
g L DIIEEST P (NYHA 73049%) | 0 1508
g3 B L5 i 43 %5 % K A9 0 7 3% 4 (heart failure with
reduced ejection fraction, HFrEF) . 5 Ifil 43 % %% F& [ AIK
B .0 7 2 4 (heart failure with mildly reduced ejection
fraction, HFmrEF) . 5 Ifil 73 ¥ {7 ¥ A 0> J7 %2 5 (heart
failure with preserved ejection fraction, HFpEF) 1. W 4 .
e I (FEAR R R 25 B B0 T, JER B 3 %I & 1
H, W4 He =140 mmHg /8% &7 5K =90 mmHg) . ##
R (2 VR Bt AL K % = 11.1 mmol/L 5525} # Jik 1M
B =7.0 mmol/L, fAEL IR, ZIR. ZH . WE TS
B TRDWE PR RE IR AT 1 MBS I8 22 W BIAE ) | i
A 55 DRORE [ B . H b =8 . K% B g 25 1 A8 [ s
(low density lipoprotein cholesterol, LDL-C) %5 # i3 £ il
W OB L. QR ERS, AR, B/
BRUE A RIR . BB EE . Hh =R, A E IR R
F AH [ 5 (high density lipoprotein cholesterol, HDL-C) .
LDL-C. . #h. A& A (H A H Az 4 | A i,
oAU R7 27 N B A R 7~ I A W = = BN 11V 0 o
J& (35 % CAL8000 4= H 3y 1 % 48 it 43 A R ¢, ke I 7
oW O k) Bk £L & A (H Sz 7170 42
H s A Ak o B A, e FLEE AR 33 i 4 4575 ) L BNPUE ]
5 K FLI-100 FIA Analyzer, & il J5 ¥ hy k24 % 6 00 5
A1) o @RHC H 3 RNATH S0 3h [, M0 3h
P #6; #5 R ] PhilipsIEElite # 75 12 Wi (X, Bt # S5-1 #8k
(%8 1.0~5.0 MHz) , Gt — H — {04 28 5 1) 75 P2 Ui
PEATINSE o 0 58 A2 %5 B 1L 43 % (left ventricular ejection
fraction, LVEF) . = [8] f% J& & (interventricular septal
thickness, IVST) . Z£ > 3 N & (left atrial diameter,
LAD) . Z& .0 % %F 5K K ] N 42 (left ventricular end-
diastolic dimension, LVDd) . 45 /0> 55 Y5 45 A 3 181 #1 (end-
systolic right atrial area, ESRA), 7[> % &F 7§ K B 12
(right ventricular end-diastolic diameter, RVDd) . 2
I AT 5K 1 0 1 0 B 5 — AR A EF oK L 1932 Byl
Y EL{E (ratio of mitral peak early diastolic flow velocity to
early diastolic mitral annular velocity, E/E’) . =4 #¥ ¥
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Wi 45 ¥ 1/ # (tricuspid annular plane systolic excursion,
TAPSE) . & 7 4t Il Jifi 2y Jok e 4 J& (pulmonary arterial
systolic pressure, PASP) : # #i& fij fk (19 10 %5 ] o7 #2 ,

PASP = =RMHRIIEZE + £ R (IEH S % E R
18~25 mmHg), 1145 TAPSE/PASP,

LHRBEE
(HF patients)
n=544

£ (Yes) n=146

H—F5HE
(Further grouping)

#ZRHCHiSPH
(PH diagnosed by RHC)

& (No)
FPH (No PH) n=41

}#ZRHC+ECHOt &
(Undergo RHC+ECHO)

20225185 —2024%F12H
January 2022 to December 2024

& (No) {XECHO#%(Only ECHO)
n=398

TEANBES IR
(Excluded from further
analysis)

£ (Yes) n=105

PHIL B 532
(PH subtype
classification)

0

TERE L AT BAEMRMERPH
(Complete baseline (Isolated pre-capillary PH)
analysis) n=18

SHEMMERPH RATEPH
(Isolated post-capillary PH) (Combined pre- and
=56 post-capillary PH)

n=31

Fol

FEiHXLER: 8.6 (8.3, 8.8)1™ A

8.6 (8.3, 8.8) months

low-up:

(Record

ERTREM

adverse event)

1:: RHC 2470 S48 Ko A ; ECHO Sl 75 .0 3l 18l PH g fili 3l ik e o
Abbreviations: HF, heart failure; RHC, right heart catheterization; ECHO, echocardiography; PH, pulmonary hypertension.

E1

T aA HE R AR

Figure 1 Flowchart of study inclusion and exclusion

RHC 44 “F 44 8 ik H: (mean blood pressure, mBP) |
mPAP, PASP. 7 5k ] fifi 3 ik /& (diastolic pulmonary
arterial pressure, dPAP) . PCWP, ~F-3 47 .0 & J& (mean
right ventricular pressure, mRVP) | *F-3447 0> 7 & (mean

right atrial pressure, mRAP) . £ i #t Jik JE (mean vena
cava pressure, mVCP) | fiffi lfil % BH /7 (pulmonary vascular
resistance, PVR) ., /0> 45 %4 (cardiac index, CI) .

1.3 RHC &  BEBCFEML, HEE . KBRS,
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20 JF e DK R KR SRR BT, T 2 S TF A
(1 2A) . £ 0.014 B~ 225 R, N Ik B 1 4E
{#i /] Swan-Ganz 5 % (Edwards Lifesciences) 4 ¥ i 1
Sk K /o AR K L RS K- b K -4 0 B A O

F3E Mt 3h Bk (& 2B) o B ik A B AVE £ 0 5 8 KK
i 3o B k- T KA 0 B A0 2, B A sh ik,
A% T R ) B it AU AN B (T 2C) o R B ik
it mBP Jf B HUS kI <.

A K IKCE A TF B9 B R A IKERAE G O A C WA IKIREG O 98

A, placement of a 7 F sheath in the elbow vein; B, right heart catheterization via the elbow vein; C, right heart catheterization via the femoral vein.

& 2

i P KA (RHC) B4 7 s 2 A

Figure 2 Schematic diagram of right heart catheterization (RHC) procedure

1.4 SEit%AHE T A 84 i SPSS24.0 (IBM,
Armonk, NY) FlI R 4.5.1 #4758 1143, /] Kolmogorov-
Smirnov £ 4 43 7 B8 43 A . IE RS A OB
YRR e 22 (X +5) Fom, AL FLBCR ) /56, £
2H [] Lb 35 R B IR 3R 7 28 43 175 AR IE S 0 A 13 B
BT EU(Pys, Prs) i, WL H] He AR FHAE S BUR 5
771 (Mann-Whitney U #:5; ), 22 2H 8] kb #2K F Kruskal-
Wallis #5535 . 7328748 2R FH I (%) 2R, d11A] ek
2 KB 5% Fisher 4 A0 K 56, [ — X %2R R [6)32 Wids
AL EE X 2 K5 . R A Bland-Altman 3 ECHO
5 RHC Jir il PASP {8 1) — S, 15857 349 0w 22 Je
95% — F Pk FLFR . DL RHC b 4 #5 4fE, 1145 ECHO 1
I PASP 12 Wi PH 19 R B | Fe 5 B L BH: J00000 1 2% 9]
PRSI A o ER R R A B 0 Ok L 7R PH 4 AR
PH 48] 53 A 26 5 BA G327 58 L (1 P<0.05) BT TE
TR P F, 245 : BNP, .0 b5 Bl 5% 52 . LVEF, ESRA,
RVDd, TAPSE. PASP. TAPSE/PASP % il 5Z i % 43
YEFEAE (receiver operating characteristic, ROC) i £k, 1T
Bl 2k F 1 fH (area under the curve, AUC) & 95%ClI,
FE T 298 48 H00k B A AT VR Dy A S e .
it = JC logistic [l 5 A5 &Y 57 5 () XURE PF 43, 8
1T ROC i £& A6 56 A5 Y 11 Ry 53 )3 F0 2 S ol o
DeLong £ 5l 3 ROC 14k AUC ) 25 5 o #4780 3R
ith £k 43 #1 (decision curve analysis, DCA) 3£ — & - fili i
Y I R S FHAN A, 4l 2 B T AL A | B — Jge £
ECHO 5 #7 (TAPSE/PASP) D) S 4= B 1 1 Fl «“ 4= H A

TR A PR 2, TR A BE AR T AR E AL
3R % (net benefit) o [RIA, THEAUHT B AYAR 458 T 50— Fe £
i 7 46 b (TAPSE/PASP) 4 3% 25 M 14 1 73 28 B35 45 4L
(net reclassification improvement, NRI) Fl1 %5 5 ) Jl| o 3%
8 %1 (integrated discrimination improvement, IDI), Ll
f AU 3 2R 5 ) B HE T SR A Cox LA
Bz [ )51 73 B Z2 A5 A5 A 5 R0 5 B U7 301 TRDAS B 4 ) A
Ktk o BJa, 785 UE BA B T P4l PH AL AL Y12 3L
fit. LLP<<0.05 Jy22 5 A geitai Lo

21 ANOSZit=4EMIEREBFE AHRHA 146
i) 3, 51k 96 1 (65.75%) , MR # mPAP=25 mmHg
() b i, 83 il #f 12 PH, /4t 56.85%. 1R 4l mPAP>
20 mmHg #)br i, Fri 22 Bil#512 PH, PH & 5 Ll
71.92%. % RHC ff 12 PH(PH 41) 105 f4i, -k ik %] PH
FrifE 41 6] (3E PH 41) o SEERARAE LU AR /R, PH 4180
() BNP FlA 0 5 B 2l s s 28 Ll e Tl PH AL, 22
SAG AR L (P<0.05), HAA L A M7 A fkis
bRz ogt it X (P>0.05), W& 1.

%F H PH 2 F19E PH 21 ECHO il RHC 4 % ¥, ™
2 H ) LVEF, ESRA, RVDd, TAPSE, PASP, TAPSE/
PASP.sPAP.dPAP.mPAP . PCWP .mRVP mRAP .mVCP,
PVR. CI W 2 5 ¥ A G it 2 5 X (3 P<0.05), W
%2,



AR I 42 (e s0) . 661 °

i

2026 4F 7 A5 34 %5 78] Chin J Hypertens, July 2026, Vol. 34 No. 7

21t 8.6(8.3, 8.8) A~ H IWKE T, Kkl 5 1, 2k
Vi bte ] 4 3.42%. PH 41 3L 11 4] /2 35 3R R 3544,
Horp 849 PHo0s oy o 0 T4 B, 4 ) H BT I
2 o it M s, 3 BT o A PH 2 4t 3 4 R 3
AN R, Hod 2 B0 g g PR BE, 161 BT

W ZE vk, 1 HIZE T . PH 4 B F 4k & A =g & Tk
PHA, HER TR IT¥E L (¥ P>0.05 £3), #
PH W41 7, Cpe-PH 241 1A R 5 F & A= R AR B0 I &

BT AR B SRR B, WA R 22 R T
Gt R

R TN R —BBOR
Table 1 Baseline data of the study population

2051 %k R () B [n(%)] REEA(mY) k45 E(mmHg)  #F9KE (mmHg) 0% (K/min)
Group n Age (years) Male BSA SBP DBP HR (beats/min)
3EPH non-PH 41 66.80+10.31 29 (70.73) 1.75+0.22 130.80421.45 79.15+14.79 75.39+13.76
PH 105 65.53+14.43 67 (63.81) 1.74+0.18 130.65+21.99 78.37%15.01 76.50+13.74
vz A -0.594 0.627 -0.198 -0.039 -0.281 0.437
PfH 0.554 0.428 0.843 0.969 0.779 0.663
- NYHAGIIES 4 [n(%)] I35 (n(%) ] 25 6 ML
4L NYHA functional class Classification of heart failure (mmol/L)
Group
1 m \% HFrEF HFmrEF HFpEF FBG
JEPH non-PH 35 (85.37) 6 (14.63) 0 6 (14.63) 9 (21.95) 26 (63.41) 5.18+1.82
PH 59 (56.19) 43 (40.95) 3(2.86) 33 (31.43) 20 (19.05) 52 (49.52) 5.23+1.30
vZifH -3.327 -1.863 0.143
PlE 0.001 0.063 0.886
. LT P2 MM S [
2051 HbAlc eGFR RDW
Grou (%) [mL/(min-1.73 m*)] (umol/L) (umol/L) (gL) %) (mmol/L)

P ’ ’ Creatinine Uric acid Hemoglobin ’ Total cholesterol
JiPHnon-PH  5.53+1.09 90.8 (86.3,100.2)  75.3(63.5,83.8)  371.88%+118.35 117.07+19.73 13.45+1.21 4724+1.08
PH 5.74+1.14 90.9 (84.0,963)  70.3(61.8,82.0)  367.04%99.08 113.7820.43 13.53+1.23 491£1.41
Yzl 0.659 -0.052 -1.093 -0.248 —0.883 0.129 0.905
PlE 0.511 0.958 0.274 0.805 0.379 0.897 0.367

Hh = ik QIR HEH
213 " HDL-C LDL-C BNP
(mmol/L) (mmol/L) (mmol/L) (g/L)
Group ) i (mmol/L) (mmol/L) . . . (ng/L)
Triglyceride Serum potassium  Serum sodium Albumin
JEPHnon-PH  1.8840.96 1.09£0.26 3.38+1.16 3.93+0.74 142.49+4.30 39.16+2.99 300 (201, 555)
PH 2314140 1.13 £0.29 3.28+1.35 3.7440.68 141.44+3.48 38.48+4.16 526 (330, 868)
vz Ma 1.799 0.442 -0.393 -1.251 —1.494 -1.037 -3.941
PlE 0.075 0.659 0.695 0.213 0.137 0.302 <0.001
. % 4 FR L WE PR I fe S5 MWy
ZH 7,
. ' [n(%)] [n(%)] [n(%)] [n(%)] [n(%)]
rou

P Smoking Hypertension Diabetes Dyslipidemia Atrial fibrillation

JEPH non-PH 11 (26.83) 14 (34.15) 8 (19.51) 13 (31.71) 10 (24.39)
PH 36 (34.29) 37 (35.24) 26 (24.76) 33 (31.43) 45 (42.86)
vZifH 0.751 0.015 0.455 0.001 4283

PlE 0.386 0.901 0.500 0.974 0.039

FEES AR BOR LA (X £9) 3R, AR IES 501 LU AL (Pos, Pro) 3278 o PHI ISl Ik o5 [ s NYHA 240 240 JIE 9 £33 HFeEF g 45 1t 43 e
AR A 0> ) 3 3ty 5 HFmeEF A 5 0L 43 8048 32 I A1 B4 > /3 8 985 5 HFpEF y S5 100 53 B B B0 7 5 5 BNPR Jii 1) PR 41 ik ; HbA 1oy Ak 1l 21 26 1 5
eGFRW Ak 55 A4 1B /NER I 1 35 RDW N 21 401 Jif 43 A i 15 5 HDL-C oAy 755 %5 32 Ji6 28 11 IR [ 185 ; LDL-C o0 fI% % 5 Jiig 2 1 JIHL 13 1t

Normally distributed continuous data are presented as ( X +s), while non-normally distributed data are presented as median ( Py, P.;) . Abbreviations: PH,
pulmonary hypertension; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; NYHA, New York Heart
Association; HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure with mildly reduced ejection fraction, HFpEF, heart failure with
preserved ejection fraction; FBG, fasting blood glucose; HbAlc, glycated hemoglobin; eGFR, estimated glomerular filtration rate; RDW, red blood cell
distribution width; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; BNP, brain natriuretic peptide.
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# 2 ECHO I RHC 24
Table 2 Comparison of ECHO and RHC parameters

2451 Tk LVEF IVST LAD LVDd ESRA RVDd
Group n (%) (cm) (cm) (cm) (cm?) (cm)
3EPH non-PH 41 55.00+£12.22 0.94 (0.83,1.06)  3.58 (3.45,3.70) 4.49 (4.29,4.64)  19.75+4.84 3.20%0.65
PH 105 46.48+£10.92 0.96 (0.88,1.14)  3.68 (3.52,3.96) 4.49 (4.28,4.66)  24.30+3.88 3.7940.40
v/ZfH -4.062 -0.139 -1.776 —0.394 5.908 5.437
PfH <0.001 0.889 0.076 0.694 <0.001 <0.001
415 TAPSE PASP TAPSE/PASP mBP sPAP dPAP
Group BE (mm) (mmHg) (mm/mmHg) (mmHg) (mmHg) (mmHg)
JEPHnon-PH  16.00+£9.10  18.00 (15.00, 19.50)  37.00 (25.00, 46.00)  0.46 (0.36,0.78)  97.14+15.50 24.63+3.83 13.0741.89
PH 17.2446.51 14.00 (12.50, 15.50)  47.00 (39.00, 54.00)  0.31(0.22,0.38)  94.70+14.22 48.66+22.45  25.06%10.07
vZfH 0.837 —5.444 —4.552 —5.470 -0.914 10.578 11.679
PfH 0.404 <0.001 <0.001 <0.001 0.362 <0.001 <0.001
51 mPAP PCWP mRVP mRAP mVCP PVR Cl
Group (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (Wood units) [L/(min‘m?)]
4EPH non-PH  16.93+2.43 8.93+3.30 10.4943.95 5.90+3.76 5.17+3.25 1.88+0.59 2.5540.45
PH 33.81413.85 21.204+6.46 21.73+9.59 9.774+4.33 8.2013.93 2584234 2.9240.57
vZfH 12.022 15.063 10.035 5.024 4383 2.858 3.572
PfE <0.001 <0.001 <0.001 <0.001 <0.001 0.005 <0.001

e ED A ROR L (X 29) FoR, AR IER AR LD AL (Py, Pro) FoR o ECHO S .0 31 18] RHCH A7 .05 B A 2 3 PHOW I 201 Ik &5 T 5
LVEF}y 76 % 5 1ML 43 455 IVST N % 8] W S B2 s LADR 72 .0 i N 4% 5 LVDAh 760 % &F 5k AW 9 4% 5 ESRAN 46 K W1 45 0 B T B RVDAK £ 0 %
ET SRR N AR5 B/E S A L i &7 i L 00 WA (30 5 A PR AT K 4005 B Y LU (B s TAPSES = R BT~ i W 45 ) 122 %% 5 PASP Wy Jii 5
Jok W 46 e ; mBP 2R V-3 30 Kk 5 sPAP A il 311 kS04 5 dPAP A il 3 ik &F 3K s 5 mP AP -3 fifi 0 ik & 3 PCWP2Ay fiti & 400 1fiL 45 B2 s mRVPy P 4445
03 s mRAPY F-3447 0 B F s mVCP2A P34 .0 # ik A 5 PVRg il 0487 BH 7 5 CR O IEHE 4K

Normally distributed continuous data are expressed as (X=+s) , while non-normally distributed data are expressed as median ( Py, Pys) . Abbreviations:
ECHO, echocardiography; RHC, right heart catheterization; PH, pulmonary hypertension; LVEF, left ventricular ejection fraction; IVST, interventricular septal
thickness; LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter; ESRA, end-systolic right atrial area; RVDd, right ventricular end-diastolic
diameter; E/E', the ratio of early diastolic peak velocity of the mitral flow to early diastolic velocity of the mitral annulus; TAPSE, tricuspid annular plane
systolic excursion; PASP, pulmonary artery systolic pressure; mBP, mean blood pressure; sPAP, systolic pulmonary artery pressure; dPAP, diastolic pulmonary
artery pressure; mPAP, mean pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; mRVP, mean right ventricular pressure; mRAP, mean
right atrial pressure; mVCP, mean vena cava pressure; PVR, pulmonary vascular resistance; CI, cardiac index.

£3 FERRARFMN 0 (%)]

Table 3 Major adverse clinical events

25 fo% AT IR R P 3 Pt s BeT:

Group n Adverse events Rehospitalization due to heart failure Respiratory failure Pulmonary encephalopathy Death
JEPH 41 3(7.32) 2(4.88) 1(2.44) 0 1(2.44)
PH 105 11 (10.48) 8(7.62) 4(3.81) 2(1.90) 3(2.86)
Vals! 0.073 0.050 0.001 0.001
PlH 0.787 0.822 >0.999 >0.999" >0.999
Pre-capillary PH 18 2 (11.11) 1(5.56) 2 (11.11) 1(5.56) 0
Ipc-PH 56 4(7.14) 4(7.14) 1(1.79) 0 1(1.79)
Cpc-PH 31 5(16.13) 3(9.68) 1(3.23) 1(3.23) 2(6.45)
K 1.727 0.314 3.274 2.661 2.204
PlH 0.422 0.855 0.195 0.264 0.332

AT OB L (X £5) R0k, JEIE 500 LU ALE (P, Prs) 7R o PHOY I 311K 55 1 5 Pre-capillary PHA B840 41 1M 4% if PH; Ipc-PH
oAy B4 T 40 104 JS PH; Cpe-PHA B 41 IfL 45 5 A 6 40 1fil 4 R VR & MEPH. % JH Fisherk B K5 45

Normally distributed continuous data are expressed as ( X £5), while non-normally distributed data are expressed as median ( P, Pys) . Abbreviations: PH,
pulmonary hypertension; Pre-capillary PH, isolated pre-capillary pulmonary hypertension; Ipc-PH, isolated post-capillary pulmonary hypertension; Cpc-PH,

combined pre-capillary and post-capillary pulmonary hypertension. ‘Fisher exact test.

2.2 ECHO 5 RHCByHH=xM44# NITA ECHO 5
RHC il & PASP A9 — (4, 2% [ Bland-Altman 43 .

ECHO it 1] ) PASP 5 RHC il £ ) PASP - ¥ {lg 22 N
6.3 mmHg(95%CI: 3.9~ 8.7 mmHg) , 95% — M FL B
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% 4 ECHO 5 RHC £ Wifiti sh ik i= FE 45 31
Table 4 Comparison of ECHO and RHC results in diagnosing

H—22.7~35.3 mmHg(& 3) . 2 96.6% B4 &4 T
—H0E B P . Shapiro-Wilk K5 36 i 7 25 18 IR M IE 245
AT (W=0.969, P=0.002), L RHC A4:tnifE, 9F PH 4
A 12 |5 ECHO 12— 2k, 29 4] ECHO 1 il PASP RHC it

pulmonary hypertension

ECHO
it ECHO F7 v B (IF % 2 24 N 18~25 mmHg)ﬁﬁ mPAP>20 mmHg mPAP<20 mmHg Total
¥ PH B IR2 N PH, I E A 15 70.73%; i PH 21 PAZP>§5 mmFlg 94 2 123
N N NN PASP<25 mmH, 11 12 23
94 ] 55 ECHO & Wi — %, 11 il $ ECHO W £ . oo
A1 Total 105 41 146

PASP [ SARE | 5 5 2 L BE RIS P 00006 2 )
89.52%, 29.27%, 76.42% 1 52.17%(3 4) .

iE: ECHO N #7503 [ RHC N A7 L 4 A 5 PASPHy i 3l fik
W4 1 s mPAPA - 34 Jiti 3 IO
Abbreviations: ECHO, echocardiography; RHC, right heart catheteri-

g% zation; PASP, pulmonary artery systolic pressure; mPAP, mean pulmonary

Ez 60 artery pressure.

Bo 40

ﬂﬂ\ 5 ¢ o ® . 4 - kY pjz) PN N N e

U S , 23 FEMERBISE R @ R i

05 . ] Mean bias=6.3 mmHg . R o N

L ofrggytv ™ e e PH 45 9F PH 4L IA) 70 A 22 S A it X

o o v ~ Ny N

P B (3 P<<0.05) ¥ 7E T K 722 ] ROC M2k, 4521 2

=5

é & -40f 7x, BNP, LVEF, ESRA, RVDd. TAPSE, PASP. TAPSE/

8g B0 PASP i) AUC(95%CI) 43 5l i 0.710 (0.619~ 0.801) .

56 10 30 50 70 90 110 130 150 170

w ECHOSRHCI1EHPASPEI & (mmHg) 0.685 (0.585~ 0.786) . 0.790 (0.692~ 0.889) . 0.785
=) Mean of PASP mesured by ECHO and RHC

(0.691~0.879) . 0.788 (0.708~0.876) . 0.743 (0.661~
0.825) . 0.792 (0.716~0.865), W.3& 5 fil &l 4, HTF#
B AE Bk B R T AR R, Hop
ECHO-PASP 11 f fFE#UBT 5K 46.5, RABE Jy 53.3%, F¢
SN 90.2%. # AR 1L 5 mPAP=25 mmHg AR,
ECHO-PASP 1) S (148 B sy 49.5, REKFE N 45.8%, ¢
SN 90.5%.

{E: ECHO 2y 75 0 3l 1815 RHC S 45 0 T4 #5 £5 5 PASP g Jifi ) ik
W4 I ; Mean bias 93 225 SD bnifi e

Abbreviations: PASP, pulmonary artery systolic pressure; ECHO,
echocardiography; RHC, right heart catheterization; SD, standard deviation.
& 3 Bland-Altman [&: ECHO 5 RHC /751 PASP (n = 146)
Figure 3 Bland-Altman plot: comparison of PASP measurements

between ECHO and RHC

RS T 146 0 ) wEE BH RRFIERE TR AR ROC TS 4K

Table 5 ROC curve parameters of characteristic indicators in 146 heart failure patients

A HEBRAIAS PR PlE 059%CI IR AT A REE EEaid
Variable AUC SE P value Optimal cutoff Sensitivity Specificity

BNP (ng/L) 0.710 0.046 <<0.001 0.619~0.801 358 0.695 0.659
LVEF (%) 0.685 0.051 0.001 0.585~0.786 54.5 0.561 0.752
ESRA (cm?) 0.790 0.050 <0.001 0.692~0.889 20.5 0.876 0.707
RVDd (cm) 0.785 0.048 <<0.001 0.691~0.879 3.26 0.962 0.561
TAPSE (mm) 0.788 0.043 <<0.001 0.708~0.876 16.5 0.610 0.867
PASP (mmHg) 0.743 0.042 <<0.001 0.661~0.825 46.5 0.533 0.902
TAPSE/PASP (mm/mmHg) 0.792 0.038 <<0.001 0.716~0.865 0.325 0.829 0.619

i : BNPA fisi F SR 44 ik s LVEFA /%8 55 1L 53 450 ESRASH W48 AR 1 47 .0 55 T A RVDA A7 0 % 7 SR AR W N 4285 TAPSESR = 2R 3% B4 - T Wi 4
W5 %% ; PASPH Jifi 5l ik W 45 T ; TAPSE/PASPA = I ¥ 13 B8 5 it 2l ok Wi 4 1 LU ABL; AUCSH i 27T T A1 ROCHN £y 32 il 3 AR R AR i £k

Abbreviations: BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction; ESRA, end-systolic right atrial area; RVDd, right ventricular end-
diastolic diameter; TAPSE, tricuspid annular plane systolic excursion; PASP, pulmonary artery systolic pressure; TAPSE/PASP, the ratio of TAPSE to PASP;
AUC, area under the curve; ROC curve, receiver operating characteristic curve.

24 MBOLHNREBEESHPHHSESER HH
B S N L S i
B A B W (A 17 — 435 BNP (>358 ng/L) . LVEF

(<54.5%) . ESRA (>20.5 cm?) . RVDd (>3.26 cm) .
TAPSE/PASP (<0.325 mm/mmHg) . 0> Eish, A £
Rl 3 . ou a8 85 01059 20 #r, AR P AH R 9 [ E R Bk T
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O WA 9T PH A FE I8 PF 40 A5 L . PH 3 43=0.185 x
I (BNP>358ng/L) +1.243 x I (LVEF<<54.5%) +3.580 x
I (ESRA>20.5 cm®) + 4.180 x I (RVDd>3.26 cm) +
2.883 x I (TAPSE/PASP<<0.325) + 1.965 x I (.l» J3 Bt
8l1)—6.865 [t 1(+) Sy 7= 1k R B, 251415 J2 1) B AE R
L, A0 01 % V43 % 17 A HE 3l P = PP (1 +
M) AR R 2 ROC T £k, S TR

1.0 —— =

08} J L

REE
Sensitivity
o
(o2}
W

o
N
T

'S fh£% kiR Source of the curve
— — BNP (nglL)
— ESRA (cm?)
0zr | RVDd (cm)
" PASP (mmHg)
— Reference

0 0.2 0.4 0.6 0.8 1.0
1-HRE
1-Specificity

AUC 4 0.955 (95%CI: 0.922~0.987) , DeLong 5 % i
N, SRR AUC T8 b6t BRI e e —F8 b
BLAL (¥ P<0.001) ., PH ZAEAHRL P (E i AR KT E
h 82.21%, I () R B K 80.00%(Bootstrap “F- 1
84.70) , ¢ 5 & SN 97.60%(Bootstrap F- 1 94.60), AUC
BB A 1Y B — 45 B (TAPSE/PASP) #2 /& 0.163( AAUC=
0.163, 95%CI: 0.078~0.242, P<<0.001) .

1.0

081

o
o

REE
Sensitivity

fhZE 3k Source of the curve
— LVEF (%)

TAPSE (mm)
—— TAPSE/PASP (mm/mmHg)
— Reference

o
s
=Sl
2
1

02 ‘J

0 0.2 0.4 0.6 0.8 1.0
1-FRE
1-Specificity

H: ROC [ 2kl 323 & B AR FRAE 1 28 BNP 4 [ F) FR &1 1K ; LVEF b 72 % 5 1 53855 ESRA A IR AR A7 0 5 T AL RVDd R A7 0 2 &7 ke R 4
N #2; TAPSE i = 2 31 T U 4 11 157 % ; PASP S fili 511 Bk U 45 1 ; TAPSE/PASP i = 2 e ¥ 3 8% 5 Jili 30 Kk W 45 FE LL 18 ; Reference h &% 4% .

Abbreviations: ROC curve, receiver operating characteristic curve; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction; ESRA, end-

systolic right atrial area; RVDd, right ventricular end-diastolic diameter; TAPSE, tricuspid annular plane systolic excursion; PASP, pulmonary artery systolic

pressure; TAPSE/PASP, the ratio of TAPSE to PASP.

4 LT 146 B0 ) v R E Y RFIEMESE BRI ROC £ 151

Figure 4 ROC curve for characteristic indicators based on 146 heart failure patients
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0 v L L L L
0 0.2 0.4 0.6 0.8 1.0
1-H5E
1-Specificity

11:: ROC M4 2 i # BAE R IR 42
Abbreviation: ROC curve, receiver operating characteristic curve.
B 5 LR A IR S bk s (PH) Y
Z R ROC 2k (n=146)
Figure 5 ROC curve of the multimodal model for

heart failure patients with pulmonary hypertension

DCA B, N A B 53 i g 8 1 2 A5 2 o 0 52 7

HEAT I R P 3 R 4 3R A5 LU AR5 B — 8 75 46 % (TAPSE/
PASP) 5 1% i 5 W (XF BT A 8 5 34 1 A7 B R AT
RHC) A 1 m Wy R ik 45 o WLl 6. ifF — 2D i i
2P NRIFI 1D PFAk 22485 24545 A AR 4% 1 24 iy e fE R —
i 7 48 45 (TAPSE/PASP) I BB R I o /3 Hr 45 R B
22 PE NRI A 1.305(95%CI: 1.026~1.584, P<0.001) .
IDI 4 0.434(95%CI: 0.298~0.570, P<<0.001) .
25 EEEWMBEMNXE NP HRNEABAILZ W
() PH 5 F8 35 il J5 A9 DGR, SR A Cox Lb A7) XU ] 15 452
AU, B 5 B U7 A ) N R RS (RGO
iy PR 6 . W S ol L R R S BB T ) B AR DG . 4h
RN, KRN RSB H AL P & Tk &
RN B FH AR B [P AL (P, Pos) s 91.27%(82.53%,
100%) H 69.87% (32.66%, 100%) 1, 22 5+ B A3 Gi il 4 &
(P<0.001) . #F—PERREA ML PHS DS
() OQ F, R A vy 1 0 DU ARE 28 55 AN R =42 XUy 185 o A
TERHC(HR=1.311, 95%CI: 1.150~1.494, P<<0.001) ,
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0.8

=07

% 06
I
s 05
#3204
TN 0.3 — ZEAHER (AUC=0.955)
"&; & Multimodal model
£3 5, "

g — B—ER  (AUC=0.791)

D 01 (TAPSE/PASP)

0 Single model

0 01 02 03 04 05 06 07 08 09 10
R
Threshold probability
i AUC g i 28 T T A5 TAPSE/PASP g = e #7377 -5 il 0 ik
W 4 FE EL A
Abbreviations: AUC, area under the curve; TAPSE/PASP, TAPSE

(tricuspid annular plane systolic excursion) to PASP (pulmonary arterial

systolic pressure) ratio.

Bl 6 LT 146 il L (Y AR B — R ) PSR 2%
Figure 6 Decision curve analysis of the multimodal model and

single model based on 146 patients

26 SESHEBAMIATIREIE A THEEK
UE Z AR ()2 Wi AL BE, W T — ANl 57 ) 36 E BA
G, ZBAFIYA 2025 4F 1 F 2 2025 4 4 H W84 B
[ 50 1910 7 0 f8 B BB E 432 T RHC AN
ECHO # # . H o 53 ¥ 39 ] (78%) , & RHC #fi i£
PH % 36 141 (72.0%) o 1 FH N YITZRBA S (n=146) 115 F]
SEZ N RN A /N W E K g N AR R E Fa T D7
% PH R HER (P{H) . LA P{E 2 ROC i £k
(7). G55 WIR, BEATE 5 UEBA S AR SR BA L 7
B2 Wit g AUC h 0.960 (95%CI: 0.912~0.999), 7E
T FE BT 1E 82.21% B, R U Sl 77.78%, ¢ 5 N

92.86%., ROC Hhi£k W&l 7.
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081 /
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> 06} 7
& 0n /
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9 04 &
e
/ ’
021 /
0 / L L L L
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1455
1-Specificity

{E: ROC M4k 2 32 1R F AR HRAE Hh £k, PH W sl bk i 1
Abbreviations: ROC curve, receiveroperating characteristic curve; PH,
pulmonary hypertension.
7 SRRSO ) R R E T PH R 2B Y
ROC ik (n=50)
Figure 7 ROC curve of the multimodal model for heart failure

patients with PH in the validation cohort

2.7 BHERAERRE PH TR hRRiE WA i
7, W RAEFAE J7 1, Pre-capillary PH, IpcPH & CpcPH =
AR AEAERS . PRSI BNP JKSF | B IR | R 3 AR
NYHA .0 U 9% . HDL-C L2 R A S ¥E X
(% 6) - ECHO 1 RHC %k 4} J7 Ifii , Pre-capillary PH,
Ipc-PH. Cpc-PH =4 345 7E E/E’, PVR, CI |1 2% &
Bt EE (¥ P<0.05) (£ 7).

&6 WM IR

Table 6 General characteristics of subgroups

il o HE PRF A (m?) Wi EPIkHE DR /min)
(; ’ n *) [n (%)] Body surface (mmHg) (mmHg) Heart rate
TOU]

P Age (years) Male area SBP DBP (beats/min)
Pre-capillary PH 18 68.11+13.12 8 (44.44) 1.69+0.15 133.56+£23.25 78.89+17.15 72.89+13.11
Ipc-PH 56 69.13+12.75 42 (75.00) 1.7940.17 129.30+20.34  76.25+13.92 77.43+13.36
Cpc-PH 31 57.55+15.24 17 (54.84) 1.69+0.18 131.39+24.55 81.90+15.42 76.90+14.82
F/Z/*fH 7.631 7.040 4.180 0.276 1.440 0.760
PlE <<0.001 0.030 0.018 0.760 0.242 0.470

o NYHALIIRESr 4 [n (%)] DI 5 R (n (%)) o

AUl NYHA functional classification Heart failure classification ZZ LA (mmol/L)

Group FBG

I m v HFrEF HFmrEF HFpEF

Pre-capillary PH 12 (66.67) 6(33.33) 0 2(11.11) 7(38.89) 9 (50.00) 5.50+2.06
Ipc-PH 36 (64.29) 20 (35.71) 0 20 (35.71) 6(10.71) 30 (53.57) 5.19+1.09
Cpc-PH 11 (35.48) 17 (54.84) 3(9.68) 11 (35.48) 7(22.58) 13 (41.94) 5154136
FIZiy 't 9.282 1.296 0.420
PlH 0.010 0.523 0.658
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Table 6 Continued

21151 %%ﬁii? %) eGFR JUEH (umol/L) JRER(umol/L)  ILZTEE I (g/L) RDW (%) S IA [ B (mmol/L)

Group hemoglobin [mL/(min-1.73 m?)] Creatinine Uric acid Hemoglobin Total cholesterol
Pre-capillary PH 5.99+1.69 91.05 (83.95, 99.45) 70.05 (60.38, 83.45) 364.79%£77.26  109.94+18.53 13.75+1.21 4.29+1.61
Ipc-PH 5.5940.97 91.45 (85.90, 96.80) 69.35 (61.30, 76.55) 360.72+94.62  114.02+21.87 13.54+1.29 5.05+1.38
Cpc-PH 5.87+1.03 90.50 (82.10, 95.55) 72.10 (62.80, 94.10) 379.75+118.29 115.58+19.08 13.38+1.14 5.03+1.28
F/zZ/fH 1.126 0.688 0.691 0.369 0.436 0.506 2.195
PlH 0.328 0.709 0.708 0.692 0.648 0.605 0.117

215 il =g (mmol/L) HDL-C LDL-C 11 #f(mmol/L)  IfiL4H(mmol/L) BNP

Group Triglyceride (mmol/L) (mmol/L) Serum potassium  Serum sodium (ng/L)
Pre-capillary PH 2.51+£1.57 0.91+0.16 2.6511.43 3.78+0.77 142.30+3.36 369.00 (253.75, 526.50)
Ipc-PH 2.15£1.31 1.184+0.29 3.45+1.35 3.63+0.67 140.69+3.41 496.00 (321.25, 774.50)
Cpc-PH 2.48+1.46 1.19+0.28 334+1.24 3.91£0.62 14228 +3.47 816.00 (436.00, 1887.50)
FIZi 1 0.767 7.441 2.505 1.803 2.848 1.960
PlH 0.467 <0.001 0.087 0.170 0.063 0.146

415 HEA@L) W 0] EIUE ()] R 0] IS [n (%) LBHE [n (%))

Group Albumin Smoking Hypertension Diabetes mellitus ~ Dyslipidemia Atrial fibrillation
Pre-capillary PH ~ 38.84%3.95 5(27.78) 6(33.33) 4(22.22) 5(27.78) 5(27.78)
Ipc-PH 37.77+4.13 15 (26.79) 19 (33.93) 9(16.07) 20 (35.71) 28 (50.00)
Cpc-PH 39.55+4.19 16 (51.61) 12 (38.71) 13 (41.94) 8(25.81) 12 (38.71)
F/Z/ME 10.676 5.867 0.234 7.240 1.043 3.056
PH 0.005 0.053 0.889 0.027 0.594 0.217

D ES AR TR L (Xhs) Fon, AEIE A0 LU AL B (P, P 7n o PH i 35 K 5 JE 5 Pre-capillary PH>A B 400 3B 41 1fil 4 1if PH;
Ipc-PHJy B 411 6 400 1fil 45 = PH; Cpe-PHZA %6 41 1L 45 J= R 6 40 148 15 R 45 14 PH; NYHAK 2 290 JIE B 2% 5 HEEF Ay 55 1l 43 550 A A9 .00 7 398
HFmrEF > 5 1L 53 505 B2 W AR 04 .0 77 32 38 ; HFpEF A 5 1l 43 B0 B2 (4.0 7 %2 38 5 BNP R i Rl JR 44 JIK s e GFRA Al 330 11 ' /N R 8 5 % ; RDW 2 41 4
4370 98 B2 s HDL-C2Hy e %% B2 g 2 11 JEL %1 95 LDL-C o fIR %5 B AR 2 11 JIEL 11 e

Normally distributed continuous data are expressed as (X £5s), while non-normally distributed data are expressed as median (P, P;s). Abbreviations: PH,
pulmonary hypertension; Pre-capillary PH, isolated pre-capillary pulmonary hypertension; Ipc-PH, isolated post-capillary pulmonary hypertension; Cpc-PH,
combined pre-capillary and post-capillary pulmonary hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; NYHA, New
York Heart Association; HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure
with preserved ejection fraction; FBG, fasting blood glucose; eGFR, estimated glomerular filtration rate; RDW, Red blood cell distribution width; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; BNP, brain natriuretic peptide.

%7 4119 ECHO Ml RHC ZH0xt Lt
Table 7 Comparison of ECHO and RHC parameters among subgroups

415 1k LVEF IVST LAD LVDd ESRA RVDd

Group n (%) (em) (cm) (cm) (em?) (em)
Pre-capillary PH 18 50.78 +£8.89 1.05 (0.97,1.25)  3.68 (3.47,3.76) 4.46 (4.30,4.69) 23.50+4.26 3.651+0.44
Ipc-PH 56 46.44+11.21 0.93 (0.88,1.06)  3.69 (3.59,4.05) 4.49 (4.28,4.69) 24.28+3.71 3.79+0.39
Cpc-PH 31 44.06+11.00 1.03 (0.90,1.19)  3.69 (3.48,4.02) 4.51(4.28,4.65) 24.79+3.99 3.871+0.36
F/ZIH 2212 5.728 1.932 0.007 0.624 1.706
PlE 0.115 0.057 0.381 0.996 0.538 0.187

215 B/E" TAPSE PASP TAPSE/PASP mBP sPAP dPAP

Group (mm) (mmHg) (mm/mmHg) (mmHg) (mmHg) (mmHg)
Pre-capillary PH 12.43+9.75 15.00 (12.75, 16.75) 48.50 (41.50, 53.00) 0.31 (0.26, 0.36) 96.701+15.26 43394945 22.56+4.97
Ipc-PH 18.161+4.71 13.50 (12.50, 15.00) 47.00 (39.75, 53.25) 0.29 (0.22, 0.36) 94.81+14.74 49.68+23.37 25.411+9.84
Cpc-PH 18.36£5.99 14.50 (13.00, 15.50) 45.00 (37.50, 58.50) 0.31 (0.21, 0.41) 93.35+12.91 49.87425.98 25.87+£12.47
F/ZIE 6.569 2.525 0.172 0.217 0.315 0.594 0.687
PlH 0.002 0.283 0.917 0.897 0.731 0.554 0.505
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Table 7 Continued
415 mPAP PCWP mRVP mRAP mVCP PVR CI
Group (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (Wood units) [L/(min'm?)]
Pre-capillary PH ~ 29.50%+6.42 14.614+0.70 19.61+6.18 10.67+5.25 8.67+£5.02 3.37+1.40 2.641+0.37
Ipc-PH 27.16+3.91 20.55+3.88 22.631+10.20 9.891+4.43 8.29+3.94 1.18+0.64 3.05+0.59
Cpc-PH 48.321+17.40 26.19+8.01 21.354+10.08 9.03+3.54 7.77+£3.24 4.66+2.93 2.86+0.59
FIZIH 0.967 0.424 0.442 2.405 0.309 6.874 14.827
PlH 0.384 0.656 0.644 0.095 0.735 0.002 <0.001

FES AR R LX) Fon, AEIER 53R UL A 5L (Pos, Prs) 278 o ECHON M 75 .0 8l Bl ; RHC K A7 0> 545 K 4 ; Pre-capillary PH
L0 20 10 5 HT PH; Ipe-PH 840 3B 41 101 487 PH; Cpe-PHA B 41 1L 45 J5 40 6 40 1 A% iR & PE PH; LVEF 26 % 5 1l 43 80 TVST Hy % 1] J B 5
LADZg 720> iy N 4% 5 LVDA 76 % 5 5K AR 0 42 5 ESRADG WA A A7 .00 b3 T AR s RVDADR A0 58 67 SR AR A% 5 B/E” 2 — I I 37 &7 5 17 40 e
(B TR B2 5 TR A BT 5K R 4012 Bh B Y LA s TAPSES = 2R BAF- M0 W 4 399 52 7% 5 PASP A Jili 3l ik Wi 4 e 5 mBPAy ¥ 44 3y ik e 5 sPAPA Jili 31y ik
Wi 45 s 5 dPAP S it 3l K &7 5K K s mPAP g - 44 fits 3l ok i s PCWP g fiti 6 40 1ffL %8 B2 % s mRVP ¥ 2547 .0 % s mRAPA V347 .0 Ji5 s mVCPA - 1
LK 5 PVRO Il L BEL D3 5 Lo JUE$5 %K

Normally distributed continuous data are expressed as (X =+s) , while non-normally distributed data are expressed as median ( Py, P;s) . Abbreviations:
ECHO, echocardiography; RHC, right heart catheterization; Pre-capillary PH, isolated pre-capillary pulmonary hypertension; Ipc-PH, isolated post-capillary
pulmonary hypertension; Cpc-PH, combined pre-capillary and post-capillary pulmonary hypertension; LVEF, left ventricular ejection fraction; IVST,
interventricular septal thickness; LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter; ESRA, end-systolic right atrial area; RVDd, right
ventricular end-diastolic diameter; E/E', the ratio of early diastolic peak velocity of mitral flow to early diastolic velocity of the mitral annulus; TAPSE, tricuspid
annular plane systolic excursion; PASP, pulmonary artery systolic pressure; mBP, mean blood pressure; sPAP, systolic pulmonary artery pressure; dPAP,
diastolic pulmonary artery pressure; mPAP, mean pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; mRVP, mean right ventricular

pressure; mRAP, mean right atrial pressure; mVCP, mean central venous pressure; PVR, pulmonary vascular resistance; CI, cardiac index.

Ry PEA I A A 1) 22 455 2502 I A R AN [ 5 B A B RS B2 Wbk RE, ROC i £k AUC A
BT PH () %8 51 RE 71, A 1 BAAE & BA 3] 1) PH 3V 2H 0.955(95%CT: 0.922~0.987) , & 3§ &}y 80.00%, 4 F J&F
AT TR AIE . R 8 R, IZ AR BRI AE SR PH 1 97.60%.

R 8 ZEICWIKITE AR PH R P A2 W fE

Table 8 Diagnostic performance of the multimodal diagnostic model in different subtypes of PH

i1 S HIRE (o LB (o
e Y ity Sty Aue (o341
PH 105 80.00 97.60 0.955 (0.922~0.987)
Pre-capillary PH 18 66.67 97.60 0.601 (0.472~0.730)
Ipc-PH 56 78.57 97.60 0.706 (0.624~~0.789)
Cpc-PH 31 90.32 97.60 0.692 (0.605~0.780)

3 : PHW W 30 ik 755 1 5 Pre-capillary PHy 2840 =6 41 1L 45 Fi PH; Ipc-PH>A 8441 56 4 1l 4% J5 PH; Cpe-PHN B 41 1L 45 15 5 6 40 1L % )= TR & 1E PH;
AUCHIME T B, REE . F5E LAUCH LA O S E KA R A S el . B R PHZL I # 8 4 82.21%. 45 W 4145 5 & 3% T A [l 1y
PHZ (n=41) 1%

Abbreviations: PH, pulmonary hypertension; Pre-capillary PH, isolated pre-capillary pulmonary hypertension; Ipc-PH, isolated post-capillary pulmonary
hypertension; Cpc-PH, combined pre-capillary and post-capillary pulmonary hypertension; AUC, area under the curve. Sensitivity, specificity, and AUC are
based on right heart catheterization results as the gold standard. The cutoff value for the overall PH is 82.21%. Specificity for each subtype is calculated based
on the same non-PH group (n=41).

FEANTR] PH B epr, #5578 (932 Wi S RE A7 7 — a2 25 Ipc-PH 0.706(95%CI: 0.624~ 0.789) , Pre-capillary PH
St o RN Cpe-PH Y  5l R B i /& (90.32%) 0.601(95%CI: 0.472~0.730) .
XT Ipe-PH Y 15 51 R 35 Ky 78.57%, 1Ml %t Pre-capillary
PH (14 3HU51 R SR AR 3R (66.67%) o 1 BRI AE T A 0. 3 it
TS B R B AR R T 5 A A 5 — B e S
(97.60%) . #5 # X 43 2 PH W % 5 4 PH (1 4% g 31 LDARBEPHHRITHEENX PHHLIIE
(AUC) 43 51 2 : Cpe-PH 0.692(95%CI: 0.605~ 0.780) , ¥ 22 [A] A7 7E & 2% B3 B A= P AZ B, Horb 2200 0%

-l
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FH5E PH /5 H 35 65%~80% ", 531 .0 ) 280 (3
A H, O J7 32 v 5 JF PH Y 4 PR BE T XURS: 38 1
23%2% 2022 4F RR Y L I 95 2% 25 (European Society of
Cardiology, ESC) 5 R FE 1 %% 4% (European Respiratory
Society, ERS) BX 45 16 7 #f mPAP 4t F 21~24 mmHg (¥
“Ilfi FL Tt A g A PH T, TR A R A AR
SLPAET KU Kz SR i RS [ R
FZWARAE R (mPAP>20 mmHg) 0> 77 %984 3 PH 114
AT AR /D o ARG s BoR, AR AL Gobn it
(mPAP=25 mmHg) , .0» JJ ¥ ¥y [ & h PH A I h
56.85%, AR BT ARIE, &I PH 09 U1K 2] 71.92%.

AR 5 0 Bl U A (R 7 B ) A 7 B (Pas, Pis)
1 8.6(8.3,8.8) I H 1 R, 01 EEA I PHEH
BN B3 & 2 R (10.48%) I 1 T4 PH L&
(7.32%), 1 PH 40+, Cpe-PH B # A R FH b kB R
(16.13%), BUA 35, $E7m X — e AU ] g H A5 3
ZW TG . AREARFR PTG 2 X, vl hg
2 B FAEAS f T Bt U (]
32 ECHO 5 RHCHytb & A #F 58 i — 20k 52
ECHO 5 RHC M 15 4 fifi 31 bk F 8] £7 76 A B 1) — 2
P ¥ 0 22 8 6.3 mmHg(95%CI: 3.9~ 8.7 mmHg) ,
95% — &Ik FLFR T ik —22.7~35.3 mmHg(/# 3) . R4
25 96.6% I B A T — B0k RBR N, HiX — 58 19 AL
B 9 6 4 s P i AE AR I B (B | 7T REAA AR R
25, HEEAER ™Y —80 FekEWE L T ECHO Y
Z W R BR 1 . ECHO £ 55 19 PASP 8 12 [ {11 RHC
HIE 52 JC PH Y R BH M 58 85 38 70.73%, & il (29/41) B
K FARAE (11/105), BM# ECHO PASP BAYEIR AT fE 17
1€ PH.

HRAE ROC M2 Fn 26 48 Ko AT R W1, 78 e A
{H 46.5 mmHg I R U AL 53.3%, 5 h 4w 2 850 T
B PASP AT 15 P AR & 37.5 mmHg, B AT fdf 5 450 ik
) 80%, H A 5 BERE 2R % 2 51.2%, Al fig 'S 80T
MR BH M 2R . PH 2 Wi b #E B2 37 )5 ECHO il 53 1
PASP (1 Fe A KTl 46.5 mmHg, 515 G bR T etk
T BT 49.5 mmHg AH 25 A K, HL 9 AIK # r (06 ™ &
5 4512 W S S5 PE . ESC/ERS 48 B L 45 1 20— fdi [
ECHO fifilli () PASP [#{f % ¥ PH %12, *I T PASP [
{ELE: 15 T ZE AR BT 12 W b v 20 47 038 H AT A 41,
ARG 45 A AR PASP {E

A BE 5T 38 A X B O g 5 b -PH 2 FC ) 5 -
Ak PH 41 (9 11 IR 0, & B0 W0 41 f 3 SE 46 A 0 s B
B 5 . BNP K P A 22 %, ECHO #l RHC 7£ LVEF,
ESRA. RVDd. TAPSE. PASP. TAPSE/PASP. sPAP,
dPAP. mPAP, PCWP, mRVP, mRAP, mVCP. PVR,
Cl b2 WA G X . Albani 252 Li % > [

WG R A7 0 % B3 AR AL 7 PH B A TP 50 )5
Uiy I % A2 2 Y AH DG, A58 v ECHO 1 ESRA. RVDd
febr AR L AR AL T PH A A O = R IR S8
e S W R, PH RS SO IETE 9,
O IEEIIARAGE W A7 0%, RS E I RE, ek
SR MR RE Y B, 5 1T 5 0 AR A T
AL A7 5 200 AR 0 1 598 45 3F PH A &1 XV BF
% 1 JC KA SE 1], A UHE 7R £ 48 ECHO Al 2 Wi
REA PR, ELYEIRG RIELE N ECHO £ 4545 |- & BUAEAE 22
o X — KRN RN & A0S 56
33 PHIEASDH FEARMIFEIW AL H, Cpe-PH 41 BNP
T HAB 40 (P<0.05), LVEF & T H M i 4, #2758
Cpe-PH {775 B 7™ 8 (.0 S DI RESZ B, A0 DI RE 2 i L
o, EIIE T <O -l A P R 1 5 B AR AL . AHIF S
KL, AN TE PH O YA I R 5 AE A7 7E b 2 5 ok
Pre-capillary PH, IpcPH & CpcPH =21 Hi & £ 0% | 1
S BNP 7K P | B PR G . AR R AL NYHA (O DI g 43
9% . HDL-C % J5 T A 7F 22 5 (41 Cpe-PH 4 BNP 7K -
f T IpcPH 2, IpcPH 45 T° Pre-capillary PH 41) .

ECHO 5 RHC Bt 20 748 7 T = 7 784 (1% OC 5t
fePr 25 5 . YIBE2# 4845 Ji 1H, Pre-capillary PH 41 E/E’
Il T IpcPH 44 #1 CpcPH 41, 487 J5 P4 0> % 5T 5Kk D) g
REAK o MU 3 ) 2% RRAE D5 T, CpePH 2 i 1L 487 BHL 77
FHA Y AL, 754 CpePH Y IfiL 37 36 F1 2% B A FEAE o IIf
PRFFAE & ECHO S804 M 7m0 J1 = 3 6 JF PH 40
V) 7 0 R S5 1

A58 WA 43 AT R, 1% £ 1A 12 T B R
Pre-capillary PH. Ipc-PH & Cpc-PH = Fli A [a] g 3 A= Bl
FA) PH B H TP HA — 2 E (R 5), JLH
£ Ipc-PH 5 Cpe-PH 4 1 SR L4 o SR, 458 AU 7
Pre-capillary PH 20 19 15 51l fig J7 AH XF A FR, H £ W41
AUC I TAA X 43 Bk PH 54F PH fU%AE(0.955) .
X U B 2 A5 A T T 0 A PH, 1 i — 20 2 ) 2R
PH LRI RE ST A FR o Rk T LAARSLY KAEAR &, IF2%
A R[] R AE I R AR AFE 5 ECHO 241 1 2 BLAY 57
P, L T TAE X PH IE B () S A5 R
34 BHESKEIESER RO 5T A U A
RUE A L2258 PHONHE, Qnsh Bkt PH. 12 M M A2 #2
SEVE PH 45242 F7 78 W5 IR 2R I R T, BRI T
e F7 3808 BB P 38 M o AR IR 9 A v SR A T
L £ N, it R G255 B BNP, LVEF, ESRA. />
F5 izl . RVDd, TAPSE. PASP. TAPSE/PASP % £ %
2 WiREE . ROC £k s BT KB, S —F8ARAE O ) 3
vy 4 JF PH 2 Wb 3 B A — @ 19 i (5 (AUC i T
0.684~0.792), H:H TAPSE/PASP 2 Wis it & Al (AUC=



i

AR R 4R (P8 s0) 2026 4F 7 748 34 %55 78] Chin J Hypertens, July 2026, Vol. 34 No. 7

* 669

0.792), {0 HAf 5 BEAL 61.9%, A75AS /& LA 2 I R RS 1
it oK o

AR AL O BIHT S T IR G 2RSS
0 v A I PH BB RS . 5@ S A A S B
FEAR T A5, AR 4% BNP(> 358 ng/L) . LVEF(<<54.5%) .
ESRA(>20.5¢m?). RVDd(>3.26 cm). TAPSE/PASP( <
0.325 mm/mmHg) . 5 F0> 5 B sh 1) 1 22 S 5O AL, H
& W &% fiE $2 T+ (AUC=0.955, 95%CI: 0.922~ 0.987) .
A A, ARBFSE AT DCA UEB T iR AR )32
(R IEG PR D5 B (T e Dy S8 R BB i g 25 . X
BRI K B= AR N BB AL 4R S R A UE AT A A
RHC K A B, A #4082 — 68 75 45 A ol 28 56 M o
5, e B A S0 S B IR 2 KU 5 R T A R 11 i
0. Ak, NRI Al IDI 45 48 it 45 dn itk — D it b T 24
BRI T2 —FE AR B AR Y . 742 NRI A £
1.305(P<<0.001), E IR H A BIIAE IE# 7 2 B
J7 AR T 130.5% 1B, IDI A 0.434(P<<0.001)
& R R A R AR R S AR T T 43.4%, i — 2R
b7 B B 7 A B — SR AR AT I AV T, 42
FET WEFE I R 156 R 7 052 FH A 1

HE— 2 Bt 17 43 At LR 17 15F 8] 5 S B (Pos, Pos) N 8.6
(8.3,8.8) ™ H 145 R s, PHE R PS5 A R F
CELHE O ) 3 0 P AR BE . PP 3 0 | il 44 fii o B 73R 3E)
3 IE A 26 (P<<0.05) , 5780 Fir U5 9 PH 5 XU R 2
Al RE S AN BTG AH G, HK A FF 76K R 11 R 1 TS A
FE gk — LI IE

AT A I PR S e v Sy o0 ) o 0 JRE B AL T I8
FiUH) 2754 0 PH RO T HL, B A 0B RHC, [7]
I FEAR PH By T2 KU o SRS A4 7R PH g U (A7
P{H >82.21%) B, [ i B PR B85 I PH, T @S A7
21 RHC K, S RS sh 25 . FARSEIR I it 4
BRG] 5, AT Bk B S R Y PE <
82.21% I}, PH Ay A REVERLAIR, X — R WA B T 75 3k
AN RHC A2 1 [F] B, B AR PH B9 T 2 XU, 1R
I IR YT 42

T BRI TR R, AR SEAEAE LT SR BR P (1A
A BRI AT AR S A BN AT (2) WA AR, R
il SV R S AR R AR A5 (3) AR A 7 AR R AZ 0
()& PH 2 W, H 5 W5 B RERAUN R R A . K
KT AR L I A R R TS AR AR Sk R4 PH X
O ) 3 R KIS R s

25 LTk, AR RSB T ECHO 5 RHC 7.0
J158 A IF PH AL th i U [FANE S5 R BR P o e
il b, AR WFIE LTI I B UE T — A% 4 T TAPSE/
PASP. .0 3B 29 B0 . BNP K AT OS5 S5 £
RIS WAL 120 70 B A% A o 1 S B0 ) o £

F PH [ TS 7 & (AUC = 0.955), A B T2 5 130
MR IR R R RHC K2, Mk I PR pe 5 42
HEZRWL ., O B T 5

B AR REAITAREAL TR R
(2025QNBO12) X #; ME A HH AN FE LT LA A
(2023Y9067) . #& 3 4 8 AA+F K £(2024101516) . #3#
A A ) R A0 B (2024Y9177) . AR E A B RA
& £ (2024J01558) . 2025 4 & = 91T T A 4 & AL A
#EK AR B (2025-S-046) A AT LB T X H K5
& X H, A

FImMRAER AL B AL G R

EERBAER #MFEH5HRE% 0 FTRIT . KBEM
A L MAGIEE ; 7 R IR EAT T R LASIT; H
EA. FER, EfE. B2 REM. TIE. FTRE,
B ER TR T A E46 RHAC; #Ea R i ¥
RERELSR T, Kt BELR T T # LAE
R, e #T4AEF. B ELHSREL 4. HAEHEHY
L FEMETRARE TR, MFERLEERNLRF—
Y HimAe T BIEA LR BAZEH

« A B 2 56 T B — A SR (I =R
e it RE o) Bl R 2 B (40 WHO I RE 70 4 ) 14
z38

o ¥ L 1 U A O PH R 5 20 B2 T A5
AU, AR ST BB AT T SR IE
s ZRLA 2 Wi BRI LE Pre-capillary PH, Ipc-PH &

Cpc-PH =ML H) PH (3 HH R B 2 Wik g

&% ik
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