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Abstract

Pulmonary hypertension (PH) is a disease characterized by a progressive increase in pulmonary vas-
cular resistance, with a very high disability and mortality rate. Congenital heart disease-associated
with pulmonary arterial hypertension (PAH-CHD) is an increase in pulmonary artery pressure
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caused by left-to-right shunt congenital heart disease (CHD). Right heart catheterization is still the
gold standard for measuring pulmonary artery pressure, however, its widespread implementation
is challenging due to its invasive nature. In recent years, more and more studies have shown that
biomarkers are of great significance for the early diagnosis, disease severity assessment, treat-
ment plan selection, treatment effect evaluation and prognosis judgment of CHD-PAH. This article
reviews some of the current biomarker studies on CHD-PAH.
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1. 51§

ifi 5 ik 73 [ (pulmonary hypertension, PH) e — 4 it 1 722995, FEARF Ak & iy i 25 BEL 3 A 3 ik I 7
BETEIN, RAFECAOEBILT. PHIGIK L8 5 K3, BFESNKE PH (pulmonary arterial hyper-
tension, PAH): /o /Ui TS PH; il A (sR) R EUFTEL PH; 8V A2 A8 ZEME PH I (30) 3L A it 3 ik
PH2EPEIRAZ TR PH: ARBAAI(E0) 2 &= B PH. PAH 7 LL%% K A% 0 I 9% (congenital heart disease, CHD)
FHOE PAH. 8L PAH. Z54)F1EE0AH ¢ PAH 5 .. fEPJTEIZK, i 50%0F) PAH & R . 8%
PESZY1% PAH, #AT, CHD-PAH 2&3%[E PAH & ILAJEAI[1] [2]. CHD-PAH 2484 - fiti7r i 2
CHD Frsl 2Rt sk Tt m, i T R B K ARIE B Ik - I imids, %% CHD BHEA I
PAH ik FARNL . = BWIHSKANAST, PAH BE KA REAR. ik, FHEH R T2
s PAH BEKAAER, QB IUNEE,

AOSERA L HTSH PAH 1&hrdE, (AR NMERR, 76 CHD ity KA J5 B U7 A% 5 58
i B JIE R BT TE QAL MU B K 77, (B2 4% RARAE M B Lk, Hah T RER
HEFA[2], HARALKHE PAH /KSFPPA AT PAH 7 H R B K 005 R BT R e o DRI, R 2R — L8 T0 Al
B A Phr EP RN CHD-PAH RIS W, i M BEREE Al . JRI7 7 I 1697 RN Tl fE
FIWTEE AT S . A0 CHD-PAH AH K AEWIhR £ 850 .

2. CHD-PAH & 3% 4 M55
2.1. $1T 6 $Y$hIEES (6MWD)

6MWD S5 PAH fIZET-FAH5, —HBERN TR K M2 3] fEJLRE 6MWD #l g Sk
TRBILIIZBNT &, S5 A Eh ks IS 2 ) LR TARLE SO s MWD AFouia 7 HFs[4]. £ 7
Z UL LU, 6MWD #EfE PAH 255 (3R AN FEAR[5] [6]. J6)7ITaaEkT 4 Ja 6MWD (1 5GE Al fig
W T3S BRI RIALIE B RO, TR TRy ORI TS . ANE X MG YT SR M BeE & 5 Rk 7
PAH LT R HIFFR[7] [8]. fH7E, 6MWD KN HITE LRI BRG], H5nl2 7 5 LR LE.

2.2. FISARK
FIEARE 2 PH AN O B e ir S, e EZE i olaw, EBEHAIR. FlaN. &5k
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BLOMEE R - MR ER - BRI R GRS A RGO PE, AT I 7 = AR A A Y R I A
F o o0 R IR (ANP) TG R AR R (BNP) 2 FIENIE R 1) B AR 51 . K ZHOC T RIBARKAE PAH A
HEEHFTE BNP S oK Fr B NT-proBNP o BNP HHO WL e, FEARHE QLR . 3545 F sk i (g FE S
i, f2 PPl PAH I PR ™ B BE AT T (4 B 2 A Wihe 54 D08 B, 13 BNP 5 i 50 ik 735 & (mean
pulmonary artery pressure, mPAP) 2 IEAHSG, AIENTIM CHD-PAH ik e FITS (18 72 A Mbn B[] -
NT-proBNP (1] 420 & 5 PAH-CHD 505 /™ B FE B AN T 5 4 %, HoK 5 g A0 T2 3R HAT w5 74 [10]
[11]. —TRRGIEM AL R B, NT-proBNP Al BNP /K-FTHm 5 PAH H A0 T B RS H XU 189 0
FHOG, XM AR E AT AT PAH B35 B 73 2 [12] [13]. 5 BNP AHEL, NT-proBNP BAH K
MR, Enfee B S T, AT CAFRE AT O ThREA 4 S 4H SR A2 B 140 % 7 TN PAH F8 2 3
TG VAL, FF0T TP a7 80RO OB T 3 A BE 5, 7RI PR SE B LT BNP.
SR, FREVEENIJE, NT-proBNP /KFi: BNP 1] & 52 4E M4 & 15 ThRE s mi 56 K [2] [14] [15].

2.3. FRE§

JREZ(UA) &R AU 1 I 2771, oA I & PR A 2B AR 5 . — U 838 9, UA ] LL
T CHD-PAH i P EARRE, A ¥ Ziias7 G, UA KRR, 1fiE UA Af{ER PAH-CHD H# 5
Jod 7 AR FEANETT RS AR FR[1]. FERAFILE S, JREKF i CAIE B 50T 338 A 6. UA K
PR R PRFIRE S Z R R . FERN PAH B, T4 AR RS A A ) A
FE(WR R, B ThREA AR 5 R HEPUEE), BRIk UA TERON PAH B3 N B RIR, SRIM, XA
HRETEJLEE PR/ WL, BRI I UA ARy ) LR EE AR 35 53 14 (9 70 A 04 B4 [15] [16].

2.4. WALANSSER

OIS E A | (cTnl) 2 LU bR S8, HTHEim i iUaE A R[17]. /£ PAH &, 4
O 5 S AT SR N SRR O WLSRIMLAIER BT, BUA o5 BE 5K J 738 T 51 RS o TR 24 m] S B, 22
Thise —THEERY], cTnl KFEEE mPAP & 2 BT, H5.O0URERRE TR, HACHELR
PPl PAH-CHD [ b eI L, s RIA T R BUKIE[18]. 2RI, LUV R A 5 32 2 Sk e ik 2R &
ik B IHREANELERIFENT, HAE PAH BRI R, SOASREAE - 5 J sl Fik s - vt B4 U 26420

2.5, M/MRGEHERIRE

M /MRANGE T MR R, BRI 7 AR T SORER S 0E T i i & 40 e it PH
KA K, AT 5N A EK) NEDD9 Hr A ZHBE AR AR MR T80 AR s A ot LA 3 ATk
PG MIBALE PH R B AR BEPORIEMEI[19]. 20U AR, PH BF AN M/ IMUEE . TSR —2
BAZ . SEE LN R (MPVY) I /N2 A5 55 B2 (PDW) AL /NSRS AR (PCT) A& S I /N T BE R A 4 £
BT b5 . MPV BB /MR IBOE T3GI0,  OK BIL/INGR B /N R I/ NBSORG PR PE B 5, TR 25 5 SR B .
MPV (138 I s e T KL/ o BRAR B8], AT 5 B0 AS: T J i) AU 389 1 [20] . MPV. PDW R IfIL /MR
JERUKF SR 2 A0 MR TS A EE R X, HAKP R ERERRTEAR . AR ER
MPV. PDW FIfL /M EFRZK 5 PAH B EFEFEARDC, HIKFRITHE 2 PAH BE A RS 12 4~ H
AEAE R ST TN R 2R [21] [22]0 /MR DECER . TR ROE RS PH RAE. RIBZEVIMESS, FHEr
MPV. PDW FTIfIL /MR AR KT AT DO A 545 0 SR TGV T B E S5 8, nIE R e AE bR
BV TVEG PAH P EFR R RIWT TG o SR, A0 R IR A2 AT A B Sl R P o J 9 e 50 fok s s
JLIT MPV 1 PDW ZK-FH0t BRAAAIC[23],  Z#7 J R PT RS RO HOR s Ot 7, RBEAR R, HBE U

DOI: 10.12677/acm.2024.142507 3635 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.142507

MRCE, XeatE

WA, /NI 3845 F T PAH VA% 4 35 3E 47 58 2 (R 92
2.6. TS HEE

ZT A 43 A 6 BE (RDW) & A A T H B S 502 —, Ok oy 2 40 B R R R84k, RDW T s R R 4L
YHM RN, B R R T MR B R AW . I AE Z U AR B, RDW 5.0 Ih R UIAR DG, RERE Tl O
IR L (0 F3 35 8 R 3 A TG [24] o W U RS, 7K1 RDW 2 B8 & AR O IR AN R AR IR fE I PR 2R [25]
TE o MBI B AR s M2 JORE SN S8 B R 4 22 8 2 B RS A A2 RDW T i) 32
HLH . WFFERY, RDW JER A PAH B TS EVAs £, SEHMITEREA, REEITE
PIBST TR T~ B 3 — 300 5 L3 CHD-PAH AHICHE 7t 45 B ok RDW & kR W7 CHD-PAH J5i 1% (1)
fatrz—, 5 PAH EJLMRIE ™ ERE &G % VIMOE, /& CHD-PAH &AL S fER R F . 481,
— T2 T RDW 7£ JLE PAH TR HIBF 5L R, RDW /KF5 PAH ) LIRS (23 BU%Ab) 3+ TE B B AR
KM, 3T IR R AT e 2 ROW VR N — R ARARe M pm 54, 25 5 52 22 P DR 3R 520, 49 0 3 10LFN 28 0 S5 [26] [27]
RDW fEN—/MHi I PEfl CHD-PAH A5 E4), 7ETI CHD-PAH 35 S0 T S FIG R A4 75 T A 45 EE AN
B, MFEEAT R 2 0 ORI HAE N PAH EDbR EXIINE -

2.7. BRI 4R

TEIR P B 4 R (CEC) A& P B 35 b 54 e AR BRI B AR AE R, A/ L w00 281 £ 1t 5 P 2 4
fa[28]. CoMEB PN R AT DA S B e T S RN AEE LT, R I PN R 4 M T R . K
JE 74 110 P 7 200 B N LY A9 B 5 B /K 2 3 488 o il 0y ik e (PAP) T i mT LA 55 it 50 ok & el o /5% B 1)
1, TSN B 40 L BE O RITE . fE PAH-CHD S iR fE /e DT EER, O IFSITEOR, e
K, CECs/K-Filliimi[13]. WHFLRM, AR 40K 5 Ifa ki e LA P 3 Il s ik 5 0828 IEAE DG &R
[29]. P4 B 4 7K P 1) M 00 e s B P R 54 (0 7 EERR BE, mTVE S PAH FITERI RTSEM2E bR 4, v CHD
£ PAH B3 IR PR 2 Wi AG TT S (R B AR A .

28. IE%E-1

W R-1 (ET-1)2& —Fhm 2 s v i g Wieda 5, A Bh T IV A2 98, I Sl 48 P R 4 P )
ThaeRAs, Hosd g/ o AR B BT A A 5 . I AR B SORESE 2 5 PAH BIRBIbLAE . B
THER-LET-)EMEEBHWZOSE, KPR — BN B PAH 75N I UG I B0 1)
TEAEAGIE TG A 0br EA[30] . — I PAH-CHD B35 A& bk L 4 B2 2R -1 7K-F BOBIE 7 o, i ikl 4
JEAE AN K 3 5 ET-1 KF RAEADS, X n] Be-5 Hk 0 S 8 42 a4 IR A 5 S, i 2ok,
SEUB RS KR 5, AT FEET-1 20 0. B 7R ET-1 A/ {E>N PAH-CHD 38 A Yis £,
N PAH-CHD 83 (2 W K37 SR A58 A I R B [13] AH A WF R R W ET-1 5 PAH #5005 ™ HF2 & 54E
ToATERIR[31] [32]. ET-1 /275 AT LA PAH-CHD i PAH VAl b3 640 B Ll PR R FA AN ELATS 75 2t
— .

2.9. NEHIE

R 2 — A 3 Il 3 Bk P R 4 B g A ) I A R, B AA T HKE RS, AEE
IR BK ANl k& R G . TS R FT K BN P B 30 25 78 0 ) 22 560 95 175 7™ B2 B AN T00Ja 4 T A EL S L)
G RAE[33]. —BIGRF AR R, WEINZEYES CHD-PAH R ™ ERAEE . KW BGERN ARG L
[34]. P EZINZ 2 PAH ZET-R BT 56 RS0 K F, B AN 2980 PAH XU TI0 53 1 v B3 PAH
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WS PPAL [35]
2.10. MicroRNA

MIRNA 2 —R A EHEARBIIEEH/NE B RNA, TS EEEIL, EMERET . MEsE s
SRR R EEEIER . 8 R MU P R A S LA BT . SR SR T, R P R AN T R
Rl ST L AE B 3 B A% 46 55 07 30, 7E PAH 52 2R 1) BRI o A 3 B 220 44 I [36] . — Bl &
CHD-PAH 7t i [fliE miR-27b ¥4tz ik £ (mPAP) & IEAH S, 1 IfLiE miR-451 5 H B FAHK,
miR-27b. miR-451 & CHD-PAH HJMA fEf R ER, 5 PAH = EEL R EMR, WHEKRE X EHREE
WEEWNME, AT{E N CHD-PAH 2B Al A 045 E[37]. BT miRNA R TARIHENZ, )
ATAEA R Z R FN R IE R AAH G T, BEAE B FEABIRN, miRNA BB FIEK PAH &35
. W, IR Y ERR .

2.11. MESTHELA Box-1

T A R 2 4 B1 (high-mobility group box 1, HMGB1) Al PLIE i % Fh & AL LR 3 JORE M o B
YIsEe on, 1SS AT SURZ K S S 5RO S T SO B ke R OB, FE e B i
HEEHM T HMGBL THisy; B HESARTE PH /NREIHT HMGBL Hifkiayy, oA O side ik ot o
FENEAFRNNGE, F ARSI RE R T BRI EE F(TNF) . B 3-18 (IL-18)FI4H i Py K5 F 2 --1
(ICAM-1)F+ 5, XK HMGBL 5 %85 K N B DhRE R ELAHOC[38]. — I8 T CHD-PAH st 8, I
i HMGBL Kk /5 55 [l s ik A il 1 BEL ) 2 2 A2, HMGB1 /KPRl 5 CHD-PAH )™ B FE 5 5 1EAH
%, H HMGB1 AJfEAT Bh T U AR SR L S A MR . BRI 40724 HMGB1, 7E7% S kLA 1E
B, MARMERSE HMGBL /K FFHE . AR, HMGBL /KP4 & B2 vh st A ARG T SO F b &
Yy, W LIE HMGBL 7K-F-F BT CHD-PAH B (1B U7 1TA4 [39] . 212 %5 N B 7 K BIE CHD-PAH i,
& HMGBL 5470 3 A fa b5 mPAP. RVP R£IEMSE, [MiE HMGBL1 Al {EN CHD-PAH 357 1 ™
HFEE VPSR AR, 1E— e R R BT B0 ik 77 R BRI AR ) 29 IE ST ROR NIRRT A& R
FeFR[38]. LR, HRZMWIREW HMGBL 7£ PH IR LR B s —E/E /M, (Es28etE PH R
Jrr, $Em HMGBL E7R 1 — @ iigae. B BANISIMA M, FEE- SRR EHRE, WnE
Uf. WA HhiE TR R

212. FER

AEIE F (Survivin) 2 T30 E A (AP) KR — 51, 255 4 M 8 5 AN 20 Bl 1o 200t 164 e R 4 e o 1
Z BN ANT AT it 2l ik e i (PAH) R R IR Bk Atk . AT 78 il I %% CHD S A A BRI fL9E Survivin
AKPRAEAL, BT Survivin 5 PAH-CHD HIC %, S5RRMIMLTE Survivin AKCFEFRE N, HALE
5 it kY4 . (PASP)—2, ##7~ Survivin 1] REZ5 CHD ' PAH MR AERE. @i 54K CHD
BFANE ML Survivin ACFAR, I F LT AT PAH IR, AT fERE & CHD 697 1— S8t

FEIR 2 () (F~F47, BHLIE 7 i S R R, TR 7 PAH fRE e R o A7 O S 52 . X 3% B )
Survivin B fERCN —FE I TE R PAH JA7T J79%[41]. PAH-CHD & 4NEE KL Survivin /K5 AR5
PAP 2 IEAHZS, KM Survivin /KP4 B F3¥45 CHD &I EE PAH BEFARIT . HirE S E
VIbs EXDAIE S PAH-CHD BRI PEARDG, (RATBEAHE) Z #e52 m] F0l PAH A7 10 14 14 8 A B4,
ERZ SAMRFET REREZ K, Survivin £ 7 CHD-PAH w] 1014 5 T B G 1R K I EN i [42] -

DOI: 10.12677/acm.2024.142507 3637 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.142507

BROCE, Xipade

13

3. B&

G

AILLFR T CHD-PAH [ANIAR SIELIR TS Wr . 0 ™ SR L 350 I W 5 T (i e, AR o8
CHD-PAH # Rlscis Sk & i) — &7, XEEAEMIREM A ﬁ%M\%% TifE ARRZEYEML A, XT3
15 CHD-PAH S35 L7238 AR A7 R A UK S ARTAT, IXEA b S R 225 T PAH K It 3L
TREA LR, IR SV PR A AE B JRPRIE . H TR T PAH AEWbR S0 T 7 45 18
WANGE—, T B 2 W FORMIE IR B 2EWhs SO0 H R I PR S B R I e i & TR0

&E 3k

[1] Luo,J., Li, Y., Chen, J., Qiu, H., Chen, W., Luo, X., Chen, Y., Tan, Y. and Li, J. (2023) Evaluating the Role of Serum
Uric Acid in the Risk Stratification and Therapeutic Response of Patients with Pulmonary Arterial Hypertension Asso-
ciated with Congenital Heart Disease (PAH-CHD). Frontiers in Pharmacology, 14, Article 1238581.
https://doi.org/10.3389/fphar.2023.1238581

[2] TPREE A IR A Oy o ik 2 5 0 A A A, v I 2 U e R 2 T ) < il 2 5 il AL 08 AR % R 4,
41 itk 28 5 I ML E R B e e, 2. T E ke R e SR T 18R (2021 R) [J]. ARESRE, 2021
101(1): 11-51. https://doi.org/10.3760/Cma.J.Cn112137-20201008-02778

[3] Parikh, K.S., Rajagopal, S., Arges, K., Ahmad, T., Sivak, J., Kaul, P., Shah, S.H., Tapson, V., Velazquez, E.J., Douglas,
P.S. and Samad, Z. (2015) Use of Outcome Measures in Pulmonary Hypertension Clinical Trials. American Heart
Journal, 170, 419-429.e3. https://doi.org/10.1016/j.ahj.2015.06.010

[4] Rosenzweig, E.B., Abman, S.H., Adatia, |., Beghetti, M., Bonnet, D., Haworth, S., lvy, D.D. and Berger, R.M.F. (2019)
Paediatric Pulmonary Arterial Hypertension: Updates on Definition, Classification, Diagnostics and Management. Eu-
ropean Respiratory Journal, 53, Article ID: 1801916. https://doi.org/10.1183/13993003.01916-2018

[5] Lammers, A.E., Munnery, E., Hislop, A.A. and Haworth, S.G. (2010) Heart Rate Variability Predicts Outcome in
Children with Pulmonary Arterial Hypertension. International Journal of Cardiology, 142, 159-165.
https://doi.org/10.1016/j.ijcard.2008.12.087

[6] Douwes, J.M., Hegeman, A.K., Van Der Horst, M., et al. (2014) Six-Minute Walk-Test in Childhood Pulmonary Ar-
terial Hypertension: Walking Distance and Decrease in Oxygen Saturation Provide Additional Prognostic Information.
European Heart Journal, 35, 174-175.

[71 Lammers, A.E., Diller, G.P., Odendaal, D., Tailor, S., Derrick, G. and Haworth, S.G. (2011) Comparison of 6-Min
Walk Test Distance and Cardiopulmonary Exercise Test Performance in Children with Pulmonary Hypertension. Arc-
hives of Disease in Childhood, 96, 141-147. https://doi.org/10.1136/adc.2009.169904

[8] Ploegstra, M.J., Douwes, J.M., Roofthooft, M.T., Zijlstra, W.M., Hillege, H.L. and Berger, R.M. (2014) Identification
of Treatment Goals in Paediatric Pulmonary Arterial Hypertension. European Respiratory Journal, 44, 1616-1626.
https://doi.org/10.1183/09031936.00030414

[91 Li, X.Y., Zheng, Y., Long, Y., Zhang, X., Zhang, L., Tian, D., Zhou, D. and Lv, Q.Z. (2017) Effect of lloprost on
Biomarkers in Patients with Congenital Heart Disease-Pulmonary Arterial Hypertension. Clinical and Experimental
Pharmacology and Physiology, 44, 914-923. https://doi.org/10.1111/1440-1681.12796

[10] Said, F., Haarman, M.G., Roofthooft, M.T.R., Hillege, H.L., Ploegstra, M.J. and Berger, R.M.F. (2020) Serial Mea-
surements of N-Terminal Pro-B-Type Natriuretic Peptide Serum Level for Monitoring Pulmonary Arterial Hyperten-
sion in Children. The Journal of Pediatrics, 220, 139-145. https://doi.org/10.1016/j.jpeds.2020.01.001

[11] Jin, N., Yu, M., Du, X., Wu, Z., Zhai, C., Pan, H., Gu, J. and Xie, B. (2023) Identification of Potential Serum Bio-
markers for Congenital Heart Disease Children with Pulmonary Arterial Hypertension by Metabonomics. BMC Cardi-
ovascular Disorders, 23, Article No. 167. https://doi.org/10.1186/s12872-023-03171-5

[12] Hendriks, P.M., Van De Groep, L.D., Veen, K.M., Van Thor, M.C.J., Meertens, S., Boersma, E., Boomars, K.A., Post,
M.C. and Van Den Bosch, A.E. (2022) Prognostic Value of Brain Natriuretic Peptides in Patients with Pulmonary Ar-
terial Hypertension: A Systematic Review and Meta-Analysis. American Heart Journal, 250, 34-44.
https://doi.org/10.1016/j.ahj.2022.05.006

[13] Li, X., Qiu, J., Pan, M., Zheng, D., Su, Y., Wei, M., Kong, X., Sun, W. and Zhu, J. (2015) Correlation between Conge-
nital Heart Disease Complicated with Pulmonary Artery Hypertension and Circulating Endothelial Cells as Well as
Endothelin-1. International Journal of Clinical and Experimental Pathology, 8, 10743-10751.

[14] TG, R, W ke RN A EWE]. PR IR E, 2020, 47(1): 9-13.
[15] Ploegstra, M.J. and Berger, R.M.F. (2021) Prognostic Biomarkers in Pediatric Pulmonary Arterial Hypertension. Car-

DOI: 10.12677/acm.2024.142507 3638 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142507
https://doi.org/10.3389/fphar.2023.1238581
https://doi.org/10.3760/Cma.J.Cn112137-20201008-02778
https://doi.org/10.1016/j.ahj.2015.06.010
https://doi.org/10.1183/13993003.01916-2018
https://doi.org/10.1016/j.ijcard.2008.12.087
https://doi.org/10.1136/adc.2009.169904
https://doi.org/10.1183/09031936.00030414
https://doi.org/10.1111/1440-1681.12796
https://doi.org/10.1016/j.jpeds.2020.01.001
https://doi.org/10.1186/s12872-023-03171-5
https://doi.org/10.1016/j.ahj.2022.05.006

BROCE, Xibeae

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

diovascular Diagnosis and Therapy, 11, 1089-1101. https://doi.org/10.21037/cdt-20-374

Cerik, 1.B., Dindas, F., Koyun, E., Dereli, S., Sahin, A., Turgut, O.0. and Gul, I. (2022) New Prognostic Markers in
Pulmonary Arterial Hypertension: CRP to Albumin Ratio and Uric Acid. Clinical Biochemistry, 100, 22-28.
https://doi.org/10.1016/j.clinbiochem.2021.11.004

Moccaldi, B., De Michieli, L., Binda, M., Famoso, G., Depascale, R., Perazzolo, Marra, M., Doria, A. and Zanatta, E.
(2023) Serum Biomarkers in Connective Tissue Disease-Associated Pulmonary Arterial Hypertension. International
Journal of Molecular Sciences, 24, Article 4178. https://doi.org/10.3390/ijms24044178

VEER, X0, B o kMO IR & R sh ks ) LIfE H-FABP. NT-ProBNP. CTnl 284k M Iifs AR 2= X [J].
IR R iR12 G, 2022, 35(9): 90-96.

FlkT, W, XU, S MMRAETEK R R R R AR R EALAI). BRI 4k &, 2022,
42(19): 1491-1497. https://doi.org/10.3760/Cma.J.Cn131368-20220320-00211

Park, Y., Schoene, N. and Harris, W. (2002) Mean Platelet Volume as an Indicator of Platelet Activation: Methodo-
logical Issues. Platelets, 13, 301-306. https://doi.org/10.1080/095371002220148332

Mese, T., Guven, B., Yilmazer, M.M., Karadeniz, C., Ozdemir, R. and Doksoz, O. (2018) Platelet Activation Markers
in Children with Congenital Heart Disease Associated with Pulmonary Arterial Hypertension. Congenital Heart Dis-
ease, 13, 506-511. https://doi.org/10.1111/chd.12616

Awad, A., Elnemr, S., Hodeib, H. and EI Amrousy, D. (2022) Platelet Activation Markers in Children with Pulmonary
Avrterial Hypertension Associated with Congenital Heart Disease. Pediatric Cardiology, 43, 1264-1270.
https://doi.org/10.1007/s00246-022-02847-7

Arslan, D., Cimen, D., Guvenc, O., Kaya, F., Sert, A. and Oran, B. (2013) Platelet Distribution Width and Mean Plate-
let Volume in Children with Pulmonary Arterial Hypertension Secondary to Congenital Heart Disease with Left-to-
Right Shunt: New Indices of Severity? Pediatric Cardiology, 34, 1013-1016.
https://doi.org/10.1007/s00246-012-0600-5

Trygve, S., Ellingsen, T.S., et al. (2017) Red Cell Distribution Width Is Associated with Future Risk of Incident Stroke.
Thrombosis and Haemostasis, 115, 126-134.

R, T, E, 5 Sk ST BUA O U SE LT 40 4 A 5 5 I /INI EL 26 1 AR 4K, 1 3L 5z 0 L 5
IR R[] PR R, 2020, 22(3): 150-153

KB, ANAA AR 8 AR S0 R I A S I 30 ik v R RR L A VA AR I PRSP AL[I]. H P R 45 60 i
9% 2% &, 2020, 18(1): 131-133.

Zuk, M., Migdal, A., Dominczak, J. and Brzezinska-Rajszys, G. (2019) Usefulness of Red Cell Width Distribution
(RDW) in the Assessment of Children with Pulmonary Arterial Hypertension (PAH). Pediatric Cardiology, 40, 820-
826. https://doi.org/10.1007/s00246-019-02077-4

Smadja, D.M., Gaussem, P., Mauge, L., Israél-Biet, D., Dignat-George, F., Peyrard, S., Agnoletti, G., Vouhé¢, P.R.,
Bonnet, D. and Lévy, M. (2009) Circulating Endothelial Cells: A New Candidate Biomarker of Irreversible Pulmonary
Hypertension Secondary to Congenital Heart Disease. Circulation, 119, 374-381.
https://doi.org/10.1161/CIRCULATIONAHA.108.808246

Budhiraja, R., Tuder, R.M. and Hassoun, P.M. (2004) Endothelial Dysfunction in Pulmonary Hypertension. Circula-
tion, 109, 159-165. https://doi.org/10.1161/01.CIR.0000102381.57477.50

Giaid, A., Yanagisawa, M., Langleben, D., Michel, R.P., Levy, R., Shennib, H., Kimura, S., Masaki, T., Duguid, W.P.
and Stewart, D.J. (1993) Expression of Endothelin-1 in the Lungs of Patients with Pulmonary Hypertension. The New
England Journal of Medicine, 328, 1732-1739. https://doi.org/10.1056/NEJM199306173282402

Rubens, C., Ewert, R., Halank, M., Wensel, R., Orzechowski, H.D., Schultheiss, H.P. and Hoeffken, G. (2001) Big
Endothelin-1 and Endothelin-1 Plasma Levels Are Correlated with the Severity of Primary Pulmonary Hypertension.
Chest, 120, 1562-1569. https://doi.org/10.1378/chest.120.5.1562

Latus, H., Karanatsios, G., Basan, U., Salser, K., Miiller, S., Khalil, M., Kreuder, J., Schranz, D. and Apitz, C. (2016)
Clinical and Prognostic Value of Endothelin-1 and Big Endothelin-1 Expression in Children with Pulmonary Hyper-
tension. Heart, 102, 1052-1058. https://doi.org/10.1136/heartjnl-2015-308743

TREF, EA WEMER. /MR R E E-1 K 51800 71 2R I X R A L] WIREE 20T 515 52, 2022,
7(27): 15-18. https://doi.org/10.19347/J.Cnki.2096-1413.202227004

Daly, C.M., Griffiths, M., Simpson, C.E., Yang, J., Damico, R.L., Vaidya, R.D., Williams, M., Brandal, S., Jone, P.N.,
Polsen, C., vy, D.D., Austin, E.D., Nichols, W.C., Pauciulo, M.W., Lutz, K., Nies, M.K., Rosenzweig, E.B., Hirsch,
R., Yung, D. and Everett, A.D. (2021) Angiostatic Peptide, Endostatin, Predicts Severity in Pediatric Congenital Heart
Disease-Associated Pulmonary Hypertension. Journal of the American Heart Association, 10, e021409.
https://doi.org/10.1161/JAHA.120.021409

DOI: 10.12677/acm.2024.142507 3639 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142507
https://doi.org/10.21037/cdt-20-374
https://doi.org/10.1016/j.clinbiochem.2021.11.004
https://doi.org/10.3390/ijms24044178
https://doi.org/10.3760/Cma.J.Cn131368-20220320-00211
https://doi.org/10.1080/095371002220148332
https://doi.org/10.1111/chd.12616
https://doi.org/10.1007/s00246-022-02847-7
https://doi.org/10.1007/s00246-012-0600-5
https://doi.org/10.1007/s00246-019-02077-4
https://doi.org/10.1161/CIRCULATIONAHA.108.808246
https://doi.org/10.1161/01.CIR.0000102381.57477.50
https://doi.org/10.1056/NEJM199306173282402
https://doi.org/10.1378/chest.120.5.1562
https://doi.org/10.1136/heartjnl-2015-308743
https://doi.org/10.19347/J.Cnki.2096-1413.202227004
https://doi.org/10.1161/JAHA.120.021409

MRICE, X

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

Simpson, C.E., Griffiths, M., Yang, J., Nies, M.K., Vaidya, R.D., Brandal, S., Martin, L.J., Pauciulo, M.W., Lutz, K.A.,
Coleman, A.W., Austin, E.D., Ivy, D.D., Nichols, W.C., Everett, A.D., Hassoun, P.M. and Damico, R.L. (2021) The
Angiostatic Peptide Endostatin Enhances Mortality Risk Prediction in Pulmonary Arterial Hypertension. ERJ Open
Research, 7, 00378-2021. https://doi.org/10.1183/23120541.00378-2021

FhEXL, ZEI. MicroRNA TE it 3 ik v e os BEAL ) o i i e kR [0 I Brist A% 528 &, 2021, 44(2): 117-123.
https://doi.org/10.3760/Cma.J.Cn231536-20201026-00107
Long, L., Xiao, Y., Yin, X,, Gao, S., Zhou, L. and Liu, H. (2020) Expression of Serum MiR-27b and MiR-451 in Pa-

tients with Congenital Heart Disease Associated Pulmonary Artery Hypertension and Risk Factor Analysis. Experi-
mental and Therapeutic Medicine, 20, 3196-3202. https://doi.org/10.3892/etm.2020.9042

TR, B, KRS, 55 Jo RO NEm A SR sh ik i R B 3 s mE R R AR A Bl A L H IR AR = L[]
rh [ sz AR &, 2018, 38(4): 364-369. https://doi.org/10.19538/J.Nk2018040114
Huang, Y.Y., Su, W., Zhu, ZW., Tang, L., Hu, X.Q., Zhou, S.H., Fang, Z.F. and Li, J. (2016) Elevated Serum

HMGBL1 in Pulmonary Arterial Hypertension Secondary to Congenital Heart Disease. Vascular Pharmacology, 85,
66-72. https://doi.org/10.1016/j.vph.2016.08.009

Bied, MR, Ol SR MO IR SR A5 SN A7 S R A OC R[], SEAIBR S 4% K, 2010, 26(17): 3140-
3141.

Blanco, I., Marquina, M., Tura-Ceide, O., Ferrer, E., Ramirez, A.M., Lopez-Meseguer, M., Callejo, M., Perez-Viz-
caino, F., Peinado, V.l. and Barberd, J.A. (2023) Survivin Inhibition with YM155 Ameliorates Experimental Pulmo-
nary Arterial Hypertension. Frontiers in Pharmacology, 14, Article ID: 1145994,
https://doi.org/10.3389/fphar.2023.1145994

Li, G., Zhang, H., Zhao, L., Zhang, Y., Yan, D., Liu, Y., Su, J. and Fan, X. (2019) The Expression of Survivin in Irre-
versible Pulmonary Arterial Hypertension Rats and Its Value in Evaluating the Reversibility of Pulmonary Arterial
Hypertension Secondary to Congenital Heart Disease. Pulmonary Circulation, 9, 1-11.
https://doi.org/10.1177/2045894019859480

DOI: 10.12677/acm.2024.142507 3640 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142507
https://doi.org/10.1183/23120541.00378-2021
https://doi.org/10.3760/Cma.J.Cn231536-20201026-00107
https://doi.org/10.3892/etm.2020.9042
https://doi.org/10.19538/J.Nk2018040114
https://doi.org/10.1016/j.vph.2016.08.009
https://doi.org/10.3389/fphar.2023.1145994
https://doi.org/10.1177/2045894019859480

	先天性心脏病相关肺动脉高压的生物标志物及其意义
	摘  要
	关键词
	Biomarkers of Pulmonary Hypertension Associated with Congenital Heart Disease and Their Significance
	Abstract
	Keywords
	1. 引言
	2. CHD-PAH评估相关生物标志物
	2.1. 步行6分钟距离(6MWD)
	2.2. 利钠肽
	2.3. 尿酸
	2.4. 心肌肌钙蛋白
	2.5. 血小板活化相关标志物
	2.6. 红细胞分布宽度
	2.7. 循环内皮细胞
	2.8. 内皮素-1
	2.9. 内皮抑素
	2.10. MicroRNA
	2.11. 血清高迁移率组Box-1
	2.12. 存活素

	3. 总结
	参考文献

