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[ Abstract] Pulmonary hypertension (PH) is an independent risk factor for adverse clinical outcomes, especially in patients with
left heart disease (LHD). LHD is the most common cause of PH. Whether caused by systolic or diastolic dysfunction or valvular heart
disease, pulmonary hypertension associated with left heart disease has a high mortality rate and poor prognosis. This paper reviewed
the definition, hemodynamic diagnosis and classification, pathogenesis and therapeutic research progress of left heart disease

associated pulmonary hypertension (PH-LHD).

[Key words] Left heart disease; Pulmonary hypertension; Diagnosis

iz ik = & (pulmonary hypertension, PH) f&—Ff &
RN R AER A L PR R S S HEAT
PEO ML, 38 H R0 /380 (heart failure, HF) 46
T2 PHAER IR R L0 1%, 1665 % DL E i ABEF
209 10%° . R BAHLEPH NS4 (1) 5K P
sk & (pulmonary arterial hypertension, PAH) ; (2) A
OBIR AR R PE T Bl ik i [ (left heart disease associated
pulmonary hypertension, PH-LHD) ; (3) /iliEm 5l
AN () BECIRS ARSI PH;  (4) b i 20 fik P 28 58 il
IPH, &M PH; (5) WA ESEW
PH'™, J{rt, PH-LHD & IR FIi5# WK PH . JLJL
FEHTFEER Y], PH-LHD ()R R AR LR, HFUS A
BL. % 5% PH-LHD 7 AT LU S 36 7T A
HPI AR, N R E A IR S R . BRI, R
2 PH-LHD LI AT FU A B2 . AHE FT% PH-
LHD [)5E X« 7338 RIFHLEILL A6 T7 BiF 53k e 46 77 1
HATLRR
1 PH-LHD BJEX . 573

PH 2 —Fh a4 0 38 M2 i RS T 897 B i 5)
JikJE (mean pulmonary arterial hypertension, mPAH) >
20 mmHg(1 mmHg = 0.133 kPa) J4H4Ef2 7. PH Y
EA A3 AR (1) Ol E R, (2) A0k
(left atrial pressure, LAP) 4 011; (3) flizh kit 2€. flizh ik
I 2 1 e AL AN it 50 fok e 70 T vy, 38U 0 2 S 48 s AT
B M A BT . PH-LHD 1] % f & Fhdig i LAP i)

OEGIR S . DIIREAR Ay AL O 0 A A 5
FLAP Fh i[9 56K M i /& PH-LHD [ J5L R 1

PH-LHD "] 73 4 2 F: — o 0SL 1 6 40 I8 )
PH (isolated post-capillary PH, IPCPH), *5—#2&E41i
BRI B J5 B4 PH (combined pre-post-capillary
PH, CPCPH) """, *4mPAH =20 mmHg H ifi &l Ik # £
(pulmonary artery wedge pressure, PAWP) > 15 mmHg
W€ XNPH-LHD; 34 H /7 (pulmonary vascular
resistance, PVR) <3 WU M1 (&0) £75K itz ik & /ot
(diastolic pulmonary gradient, DPG) <7 mmHg#}, #{E
SCNTPCPH; *4PVR >3 WU Ail (87) DPG =7 mmHg i,
W€ X CPCPH"™, TPCPH M1 CPCPH 4 #7& mPAH
FPAWP T+ . £ KZHIPCPH EHH, mPAHFF&E AT
VAR T A D A B TR U B I R R, VB A
LHD i ] #4551k g Ui A g s 8 VY. 72141
b, BB MBIk A BEEHG IR, 3 30z v it 3 ik ) R
PEFRZE, BEJE PVRIEIN, #7455 CPCPH" . 1Ly #iZk
BObR 5 i 45 R G0 T 32 B A T i

PH-LHD (12 Wi fl IE# 73 28 BAT PR, HEHR 2 I
X 43 IPCPH I CPCPH 3 5 A7 FE 4 o a7,
2 PH-LHD K% f&E#HHI
2.1 Ji A PR s B S AR

JITs 50y ok OGRS P B AL AN I 20 Bk I g T, R AR A=
0 8 R = 0 LR L g T LR B S 1
el “Bani e N ) 3Ess” R3S, B N A



EZHATE 20254010 H154%248 42k

fitiit b JE A 2 G UK R YL ot P R
TR DR 7 A Wi i A 5 o I S R AR ELAE B
ST G AN R £ B ST R T A 40 B/ UL BT 4 i P 185
5. X RE N CPCPH S (KR B RE 1 FRAR MBI
A O i PR K S I g U S U T A 1
B YR IDBERERS . NO FT Pk BRI if 2 2y
22 DO E SR EE K S

FH T 7 40 5 5 7 40 3 78 4850 R0 o U At 1 30 T it o
BRI AL O TS B AR [F A 0 5 4 N
TE 03 FIRIBEIE ), & SEULE O TRekarg . &
O FEINAE N INE L D ERBIE S, AR
JE 0 B AT K N RERR RS, 3E AT RE T B0 B R Ak K A BR
WAL, FEL O EE S — 5 T AU R R
Tt s

HF BH [ LAPISMET &, B MIRIEYE O IER, 5
B s mBMLitk, &L AR BEER . A
J %o 25 BRI 7 B UK, K g AN 2% A e
SEORERAEE, BRI NOEOLERBE, OMHET
B YL et A N, N 2 0 S R i B ik 2 T
LR BRI R 1 G2 P (0 T BESZ A0, S 50 ok T 7 4 e A A fi
A AN, SEA LIhEEAR4E Y, SIPCPHAL,
CPCPH )47 0o 5 608 WU v, T 2 1O
2.3 IMAEREYIR 1A

ML B D) 82 77 Fi6 P 2 I 38 76 2 ik 075 P9 2 IF 7 A 1Y)
e BERE L I B G R R 4R B AR N O,
AR B2 ThRE . NOER—FhEZE MR, @iy
I BE 7 2 R A M 5h g2 Rads 0. s R i i 1
5 S0 i B D) I8 7 AR S B I A R YA O, X AT B
S PH-LHD %4k 2",
2.4  WNT I [XF 1 (WNT inhibitory factor 1, WIF-1)
HEA

WIF-1 & —Ffhgs & MBI WNT EA R ER, &
PWUETE WNTHS 572 — Y, Bifekm, WNTESES
TEVAT ML B RIEE AR T 1 ] B 7E
Fir PHAL )k e h R EAEH, X PTRERE R WNT{E 5 =2
PH (#3975 A BRI FE (X — 3600 ™0 BF LR ML, AN
A PH H WIF-1KFFh i, WIF-1 K85 B 4018 fif
PH UG B ZEAX Y Aoh—T iR, WIF-1/KF5
LHD-PH A 5%, FERT e Bh T S 9 =
2.5 RS -2 (aldehyde dehydrogenase-2, ALDH2) Z&4%

ALDH2{E ARk N 1) — K A AR, H IR e
THEACAC U 2 DL K B i N R M R R R I R R Y

ALDH2 rs671 4 s G B tH G NAR, ANEN
ALDH2 [R5 /K1 225 FAIK, AT o dfL 8 05 FR) XL
PO —IE R LR T R I, ALDH2 3 i i i
B VAN B ) 2R R R AR R A, 8D S A T ECPHL
KA, XPHHF &I MAE I PH-LHD 4L, KILHF &
JPH-LHD 2 ALDH2 574 Ll 5 7, ALDH2 JA8 9 Jin
T HF 3% %4 PH-LHD [ XU . 9974 ALDH2 /] g 2
PH-LHD I RYATT FO T LE T4 05 5

3 PH-LHD WJ;BFT

KEWFREW, T HF A7 8 2750 PH-LHD
J7 1 B A AE RN, PH-LHD (3677 Bk T LHD (#09% [ o
3.1 I B 55K 3R 52 44 I K I 40 ) 57 (angiotensin
receptor neprilysin inhibitor, ARNI)

Vb 12 LR A5y D HE JE - ARNI, 3 i 470041 i e ok g A 1,
ERIKERATI ZAGEME, ATl e B g 5, [F e
HEMAEBESTAT 44k, 76 LHD th R Bl B3 iy ™. —
TP T2 B, SF I 40 Hi B A ) HF J8 35 75 A AT 46 ARNI
BIT 6N AR, Ilsh bk 4 Tk 5 AR, TS B B
AT BT HRR ARNIL AT LA 1k A5 0o s AN R 3 %

32 AhEridEHE

7 eV d B — P RO A ATP I8 E OS5
WEIR —WRRG -3 H0I5R, BA NI, &7 9K i A4 i)
ORGP P S B R I R A e T o EVR T I B
7E 6 min PAT IO A B 20, X5 DRt n i i &9 7k
FIVRIT PHZGH AR FI A 24 B, AESE 7 /2 e vl o L 7E B
SR I 23 B ARG P HF S5 It 3 ko A o5 A O ZE D Re 7
T AR AR BT
3.3 44— % BE St [F ¥ d2 B 3 -2 (sodium-glucose
cotransporter-2, SGLT-2) Il

—BiE AL, AR 2 BURE SR A 12 3h 15 3 1) PH-
LDH & &, SGLT-2401| 775 4&% 511697 5 2 HAH L,
6™ H lE BRI, &AL RV, SR
JE R Z2 25 e it A ekt B B9 4 2R B SGLT-2 411
FURT AR P HF 2535 (it 3h ik s 77 303t il g B

UeAh, A — U TR UE S IR RESZ 44 (adrenergic
receptor, AR) shFHI7E O IMLE KRG, FIFEATIENO K
Y5 S 5T, FFAEENE VLM Na' /K -ATP g .
FEW, ARBSHFI 3 HF B 0k shke, IFiES
AN NI I 75k . AN, BT AIBR R — Rl
IR ZRIAEY), A6 T /MR R0 P Rz 20 i o S
Ak ERUESE R, AR L AN 4 B ifn A FH
TIER



EZHAL 2025510 #1545 %28 423K

Zr L&, PH-LHDZSET M HF {E e 1 F 45 b5,

TR RE A AR T E . AL HF VA7 2 H AT HERER
PH-LHD V897 J7%. DL E45 5L BA Y7 PH-LHD [ OG5 2
A FE RO JIR 5 1045 PR . PH-LHD S5 R i HAyT ik #%
ABR . AR R AR D Tk — 25 B A il 1f 5 5 2R 1) 40
BL, AR T 5 R0 AR SR )7 %, S PH-LHD &
EPRALHT IR T IR

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

S 30k
FUNK-HILSDORF T C, BEHRENS F, GRUNE J, etal. Dysregulated
immunity in pulmonary hypertension: from companion to composer [J].
Front Physiol, 2022,13: 819145.
LIU S F, YAN Y. Animal models of pulmonary hypertension due to left
heart disease [J]. Animal Model Exp Med, 2022,5(3) : 197-206.
AHMAD A, ZHANG P, LI L, et al. Editorial: advances in understanding
the mechanisms of pulmonary hypertension[J]. Front Cardiovasc Med,
2023,10:1249889.
TITZ A, MAYER L, APPENZELLER P, etal. Long-term outcome of
patients with combined post-and pre-capillary pulmonary hypertension [J].
Eur Heart J Open, 2023,3 (4) : 0oead069.
QAISER K N, ALMOUSHREF A, MEHTA A K, etal. Fluid loading
during the hemodynamic evaluation of pulmonary hypertension: a cross-
sectional study [J]. Cardiovasc Diagn Ther, 2023,13 (5) : 833-842.
BABU G, ANNIS J S, GARRY J D, et al. Clinical features do not identify
risk of progression from isolated postcapillary pulmonary hypertension to
combined pre-and postcapillary pulmonary hypertension [J]. Pulm Circ,
2023,13(2): e12249.
SIMONNEAU G, MONTANI D, CELERMAIJER D S, etal.
Haemodynamic definitions and updated clinical classification of pulmonary
hypertension [J]. Eur Respir J,2019,53 (1): 1801913.
CAMELI M, PASTORE M C, HENEIN MY, et al. The left atrium and the
right ventricle: two supporting chambers to the failing left ventricle [J].
Heart Fail Rev, 2019,24 (5) : 661-669.
VACHIERY J L, TEDFORD R J, ROSENKRANZ S, et al. Pulmonary
hypertension due to left heartdisease [J]. Eur Respir J, 2019,53 (1) :
1801897.
HUMBERT M, KOVACS G, HOEPER M M, etal. 2022 ESC/ERS
Guidelines for the diagnosis and treatment of pulmonary hypertension [J].
Eur Heart J, 2022,43 (38) : 3618-3731.
LEE F, MIELNICZUK L M. Pulmonary hypertension due to left heart
disease-a practical approach to diagnosis and management [J]. Can J

Cardiol, 2021,37 (4) : 572-584.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

SALLBERG A E, HELLEBERG S, AHMED 8, et al. Plasma tumour
necrosis factor-alpha-related proteins in prognosis of heart failure with
pulmonary hypertension [J]. ESC Heart Fail, 2023,10 (6) : 3582-3591.
XIAOM Z,LAID S, YU Y M, etal. Pathogenesis of pulmonary
hypertension caused by left heart disease [J]. Front Cardiovasc Med,
2023,10: 1079142.

FERNANDEZ A I, YOTTI R, GONZALEZ-MANSILLA A, etal. The
biological bases of group 2 pulmonary hypertension [J]. Int J Mol Sci,
2019,20(23): 5884.

JANG A'Y, PARK S J, CHUNG W J. Pulmonary hypertension in heart
failure [J]. Int J Heart Fail, 2021,3 (3) : 147-159.

VAN DE VEERDONK M C, ROOSMA L, TRIP P, etal. Clinical-
imaging-pathological correlation in pulmonary hypertension associated
with left heart disease [J]. Eur Respir Rev, 2024,33 (171): 230144,
ADLER J, GERHARDT F, WISSMULLER M, et al. Pulmonary
hypertension associated with left-sided heart failure [J]. Curr Opin
Cardiol, 2020,35(6) : 610-619.

LTAIEF Z, YERLY P, LIAUDET L. Pulmonary hypertension in left heart
diseases: pathophysiology, hemodynamic assessment and therapeutic
management [J]. Int J Mol Sci, 2023,24 (12) : 9971.

GUAZZI M, GHIO S, ADIR Y. Pulmonary hypertension in
HFpEFandHFrEF [J]. J Am Coll Cardiol, 2020,76 (9) : 1102-1111.
OMOTE K, SORIMACHI H, OBOKATA M, et al. Pulmonary
vascular disease in pulmonary hypertension due to left heart disease:
pathophysiologic implications [J]. Eur Heart J, 2022,43 (36) : 3417-3431.
AL-OMARY M S, SUGITO S, BOYLE A J, etal. Pulmonary
hypertension due to left heart disease: diagnosis, pathophysiology, and
therapy [J]. Hypertension, 2020,75 (6) : 1397-1408.

LEE J H, PARK J H, HWANG I C, etal. Decreased peak left atrial
longitudinal strain is associated with persistent pulmonary hypertension
associated with left heart disease [J]. J Clin Med, 202211 (12) : 3510.
XUY, YANG B W, HUI J J, etal. The emerging role of sacubitril/
valsartan in pulmonary hypertension with heart failure [J]. Front
Cardiovasc Med, 2023,10: 1125014.

HEPSL, EhE BIRE, . Z0 3B ARG B K Rt Tk
J& 0], HEm R, 2024,63 (1): 113-120.

GOUDOT G, VAN KAMPEN A. Wall shear stress: the challenges of
a rising imaging marker in current clinical practice [J]. J Thorac Dis,
2023,15(5): 2371-2373.

BARTOLO M A, QURESHI M U, COLEBANK M ]J, et al. Numerical
predictions of shear stress and cyclic stretch in pulmonary hypertension
due to left heart failure [J]. Biomech Model Mechanobiol, 2022,21 (1) :

363-381.



£ 26 - E#HATE 2025410 H15A5208 %z

[27] YANY Z, XIONG J C, XU F F, et al. SDF-1a/CXCR4 pathway mediates [36] BURKHOFF D, BORLAUG B A, SHAH S J, etal. Levosimendan

hemodynamics-induced formation of intracranial aneurysm by modulating improves hemodynamics and exercise tolerance in PH-HFpEF: results

the phenotypic transformation of vascular smooth muscle cells [J]. Transl of the randomized placebo-controlled HELP trial [J]. JACC Heart Fail,
Stroke Res, 2022,13 (2) : 276-286. 2021,9(5): 360-370.

[28] UELAND T, ABRAITYTE A, NORUM H, etal. Circulating regulators [37] HUY S, WEI Z, ZHANG CYY, et al. The effect of levosimendan on right
of the wingless pathway in precapillary pulmonary hypertension [J]. ventricular function in patients with heart dysfunction: a systematic review
Respirology, 2021,26 (6) : 574-581. and meta-analysis [J]. Sci Rep, 2021,11: 24097.

[29] KANIA K, AHMED A, AHMED S, et al. Elevated plasma WIF-1 levels [38] KAYANO H, KOBA S, HIRANO T, etal. Dapagliflozin influences
are associated with worse prognosis in heart failure with pulmonary ventricular hemodynamics and exercise-induced pulmonary hypertension
hypertension [J]. ESC Heart Fail, 2022,9 (6) : 4139-4149. in type 2 diabetes patients: a randomized controlled trial [J]. Circ J,

[30] ZHANG J, GUO Y Y, ZHAO X K, etal. The role of aldehyde 2020,84(10): 1807-1817.
dehydrogenase 2 in cardiovascular disease [J]. Nat Rev Cardiol, [39] KING N E, BRITTAIN E. Emerging therapies: the potential roles SGLT2
2023,20(7) : 495-509. inhibitors, GLP1 agonists, and ARNI therapy for ARNI pulmonary

[31] ZHAOY, WANG B L, ZHANG J, et al. ALDH2 (aldehyde dehydrogenase hypertension [J]. Pulm Circ, 2022,12 (1) : €12028.

2) protects against hypoxia-induced pulmonary hypertension [J]. [40] BUNDGAARD H, AXELSSON RAJA A, IVERSEN K, etal.
Arterioscler Thromb Vasc Biol, 2019,39 (11) : 2303-2319. Hemodynamic effects of cyclic guanosine monophosphate-dependent

[32] CHANG S C, WU J, JIN J F, et al. Aldehyde dehydrogenase 2 (ALDH2) signaling through B3 adrenoceptor stimulation in patients with advanced
elicits protection against pulmonary hypertension via inhibition of heart failure: a randomized invasive clinical trial [J]. Circ Heart Fail,
ERK1/2-mediated autophagy [J]. Oxid Med Cell Longev, 2022,2022: 2022,15(7) : €009120.

2555476. [41] GARCIA-ALVAREZ A, BLANCO I, GARCIA-LUNAR I, etal.

[33] ABUMAYYALEH M, EL-BATTRAWY I, BEHNES M, et al. Current B3 adrenergic agonist treatment in chronic pulmonary hypertension
evidence of sacubitril/valsartan in the treatment of heart failure with associated with heart failure (SPHERE-HF): a double blind, placebo-
reduced ejection fraction [J]. Future Cardiol, 2020,16 (4) : 227-236. controlled, randomized clinical trial [J]. Eur J Heart Fail, 2023,25(3):

[34] MOON M G, HWANG I C, CHOI W, etal. Reverse remodelling by 373-385.
sacubitril/valsartan predicts the prognosis in heart failure with reduced [42] WANG P W, DENG J X, ZHANG Q Y, etal. Additional use of
ejection fraction [J]. ESC Heart Fail, 2021,8 (3) : 2058-2069. prostacyclin analogs in patients with pulmonary arterial hypertension: a

[35] SHARIFI KIA D, BENZA E, BACHMAN T N, etal. Angiotensin meta-analysis [J]. Front Pharmacol, 2022,13: 817119.

receptor-neprilysin inhibition attenuates right ventricular remodeling in

pulmonary hypertension [J]. J Am Heart Assoc, 2020,9 (13) : €015708.



