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Abstract

Bronchopulmonary Dysplasia (BPD) is a common chronic respiratory disease in preterm infants,
particularly those with very low birth weight. Pulmonary Hypertension (PH) is one of its severe
complications with a poor prognosis, significantly increasing the risks of mortality, long-term cardio-
pulmonary impairments, neurodevelopmental disorders, and other adverse outcomes. It has become
an increasingly prominent clinical concern. Bronchopulmonary dysplasia-associated pulmonary hy-
pertension (BPD-PH) is a severe complication in extremely preterm infants with a poor prognosis,
and its treatment has always been a major clinical challenge. In recent years, the management strat-
egy for BPD-PH has evolved from single supportive care to a comprehensive system including targeted
therapy with vasodilators in acute and chronic phases, and exploration of novel therapies. This article
systematically reviews the latest advances in the treatment of BPD-PH, focusing on the application
status and challenges of targeted drugs such as inhaled nitric oxide (iNO), phosphodiesterase type 5
inhibitors (sildenafil), endothelin receptor antagonists, and prostacyclin analogs, and looks for-
ward to the potential of emerging therapeutic strategies like stem cell therapy. The aim is to provide
areference for optimizing individualized treatment plans for BPD-PH in clinical practice.
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Table 1. Recommended dosages of common drugs for pediatric pulmonary arterial hypertension
=1 )L EMmbkEEERAYTEETE

E—
T 18 e FELAL IR Mﬁ%ﬁggﬁ%
L
i 20ppm, HHHE5-6  RSHERIMC 6 kg oo SR

iNO /PN ppm. MR 15 K. B, U1 CGMP, ME. ALER PP;N N
WAPTAL, BRRB I IIE Sbts, g PN

i (572 L) - "
3 OSAMOKGI e ms o WL I EIRRAEA L
0 Motk SH 35 34': (PDE-5)IfIFI, AR, fRILE. ¥ PDE-5i. fEME—{E
R 15 R g o Rl cOMP BB, IR, BZE. & JLE PAH ST

& >20kg: 20 mg/ik, %

H 3 0. SR H5E NO J&E % 1M Téﬁﬂi%‘&lﬂﬁﬁ?ﬂﬁi L Bl ATL X ARG
Y >3 myl(kgd) ¥iktEH BZNSINES L) 25
DOI: 10.12677/acm.2026.1631094 2919 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1631094

e, i

N/ ‘bc - K
B e EAREEH ARSI
2195 k. ﬁazﬁ' (ETAETB)EHT  BETtm(FEH M REM— 3L
WA 1 25 Mark oL MBI EL W), SIS PAHSERTEME

20~40 kg: 62.5 mg/ik,

5 2 . >40 kg: SRR A, K. K I 254)

125 mg/tk, &H 2 K. i e
7o) B R 25 W AN 5 B 2= Efe PAH B LI
K, Flin: HKETHIEE(V): — Rk, AP

#IE 1~3 ng/kg/min, 4EHF  BUSIRTEERIAME O SESERAIAOM. Sk IBRIAIE TR TR
50~80 ng/kg/min. HiRT#  EE, B0 cAMP, . bl BB, RUEOIEREAR
JE/R(IVISQ): #24f 1.25~2 SEIMEFKIM TAUR. WL, & PAH %R, W
ng/kg/min, 447 50~80  HIM/MREEAIM  fE. ZHRA AL INO. {HIERZ

HIBIAZ BRAKIEC R
R AR

ng/kg/min. WA R4 BHHEY Pilkid)] JLE RCT il ##,
#: 2.5~5 pglik, fH H 28R G
6~9 Ko JLEE & MIE

4.1, MAME—ELRE(NO)

ARGl A B AR A NIRRT, B 2 R AR TE iR AR IR NG
BT B M A N [16], M N2 B A A BERR & (CGMP), fa st s P L, U i 4
Ko INO SZIEFEIEMIM A Y 5K, 2 PH R —Z 2. RIAFIEIEH Y 10~20 ppm [17], F2E)
AR . IR SEEC, INO WS D R PU AR ARIC A . AR T INO f B . ART, BT INO iRT
A R Bk = . Kitaoka H %5 (2025) ol R4 VFHHE HE, INO BEC s BPD-PH & LIS & ALY
215, (HERIHE 5 2 20 TORM E KA as ARE[18].

4.2. 5 B — BeHg(P DE-5)#1HI5

PG I R PSS FH B )32 0 IR I 254 Bt ] cGMP [ BR AR R 1458 NO T I 208
Meta /3T iEoR, HiAYT 1 % 6 A H Il 69.3%01 &) LIt sh Bk B 20% LA 1, HEIA B R N2 RG H
KIIBE TR R, o B LRREEAZ 2 L7 IEY), BEAMEREERKRK, Raia ONEHEs)
ARE, BANFENLEFEUERE . T 3UVEMKE AR RAE NSk s & (BPD-PH) &L, % &
K FbRHER E I FE AR ARG YT . 2~3 mg/(kg-d), 24 /NS 3~4 IREEZ, TERMFEEA R KN AT
I S E B R B, KT (>2 4F) T REAE M AL ARG IN[19] . UT4EK, AL PDESI fiik i
JERIRE H — ks 2 BRIV I 52 30 9CTE . — 00 2024 1) [ PE T 52 7R, 78 BPD-PH 22 )L, f FH I
fikFiAEFIE S T mglkg/H, it 520 R 47[20], H 2808 ) LG S k& S 11 eI 1% 2 3% BPD-PH )
K BRI 7R £

4.3. AR FEZAFEHT(ERAS)

PEMRImAR R AREHEE ERAL RV HAE 56 [ £ il 24 i M B 2R (FDA) R L & MEAE 2 £ 10t
>3 % )LE MK E, HOBEEHTHT BPD-PH MiGY7 . —SeHLAPK I AE S BPD-PH HIMIERIATT
HAxsf &N 2mglkg, & HPR. BHFTRR, PEHUIRIRER & A G 7 ATk — 20 oas 580 LB I R AT M 5h
TR0 [21]. SR, BEARSEAEE TR RS, TR A VI AT Bk [22]. B —1C ERA WSy s IH, KIHAT
B RS BAR H I OBk, AT REE AR A N TS, {HAE BPD-PH AR ALK M. EfS

DOI: 10.12677/acm.2026.1631094 2920 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1631094

e, i

TERRE, BRE T (W va R IR & 2 B ) RO PH Cli& %, xR TE BPD-PH HhRE R 410
A, H)LEEETT RSN HFRR.

4.4. BIFEFRAEY

AR, AIAIIR R A AN ETHE RIS B0 Je /R« 4K Al 51 ) DR T B 4 ke i L 2
F RV, T S K 6 B A moe HAR IR T SR MEANEE R BPD-PH (L, IR AR B I
HlZ, HA R MY EER, AT PH E%, HEREE K CRERZE[12]. Bkell FiE
SRR R AP 2R A (G i 5 SR ZR) RIS T8 PH, EL R 15 AT A I Rl U R R AN S BUR SR
M [23]. XEELGYN LR RIMERIBIL, 8% RN =R BaasT .

5. AR HSATTRE
5.1. F4RpasT

XA A ARSI AW RN R, S S 5 U IR T A R, 2
L BPD-PH B K. 18] 785 T 240 B(MSC) B H AR FE FE [24], 78I PR ATAR Y b 2 7 tH B 52 i 6 225 4 A
ARl B YR A ABCR, 2 TR (NCT03857841. NCT06279741)4K 2 MSC A1 A Jc 4 i B
RITIE,  BRAR S e M AN R AR o e PR ATHIF 73R W [25] [26], MSC B 73Uk 1) 4% AR 55 77 52 (CM) B4 i
A (MSC-exos) B 8 11 =1 2175 F 1) BPD BB i i i ity a4 . 842 i L B 28 A0 PH. - Willis GR 51
WHoTiE— 4R 7 MSC-exos AJ g i i i 15 ELWR A M 2 Y (FH AR & ML [0 98 M2 % 4 R A% S i TR 15 G
JTIER27].

# & 2026 4F 2 H, ClinicalTrials.gov y3 Mt HI3CAE & B A R (BPD) T4 iy 7 240 G AR R Ee £
15 Wi, Hrh 8 WUEAEHHTH, HA DML, 4Rk 25 4 T 785 T-41Hu(MSCs), 52 i
5 1M1 K Y5 (hUCB-MSCs) Al i i AL UK JE(hUCT-MSCs), R FAE WA 2 h BB E, BT BT .
LA CYPPIESS: 2001 MR, A8 ARk MSCs £ 57 ) L 2 e R, RUEEH|™
HA R, 2~5 KM VT AR RIS K G BTFIR R G 5 o AT 3407 7 7£ NCT01828957 (PNEU-
mostem® |1 #)4, 23~24 JH V4™ & BPD K4 M 53%[&E 19%, i 25~28 JH T 5 & i, #ntl
F2 ) UAT e w52 o NHE

EIA) 78 o T 40 M ya 7 U3 G 1 2 Pk, s RS aifh. fEfF RIS K 7 R MHRSL[28]. 40
RNA 74 AR GBS IR 5 B A AN [R5 2 Ak, Ik B (AR TE S IGME S Il R B A R A R I BRI 3R
JTI% 71[29]

{1 BPD-PH HIZiWiaI7 T LA SR M 3, 38 D) 75 BLIE I 7™ 1 1) 1 AR 36 SR Bf S2AS [/ 254 1) 30N
Ao IR VR YT RIS T B A O A MR T T R ARG T ). A, BA MSC AR I FRAE B2 2297
%9 BPD-PH ik 1A H, (H NS5 5 [l s PR (1) B A0 4TS 75 s iR i 22 Bkl

5.2. {&5MRFE & (ECMO)

Xof T RIS 4 (O > 40) R AT TC R HIAMEVA T IR 25 A PH, ECMO 236 B2 fir ) B 4 B [30].
HN IR ™ 4%, @ ERAGE >34 &, AE >2kg, HIE™HEEESRE @0 H ).

6. RESRE

£R Lfrik, BPD-PH 2 NZRE. ZHHRSENIIN, MR, BUEEZE, FHHRA. RiE2E
LI R BCE UA -8, IR, WG Z R A HLEIERR . S oAl AET X7 255 05 T

DOI: 10.12677/acm.2026.1631094 2921 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1631094

e, i

Wfs 7 R ERE . 2AT BPD-PH IV ST V57 £ BRI L FoR . RZBHEL R 2548 577 ) L J& T vt B
PR, $hZ KT RCT UEHE o« AR AT AT RIS I6IT 7 % WHAS R 2K = eV 597 3
PA SRR I T A Wbn AL 3N /0 2 R R ARG THEVR 7 SR

A, T A LA A 7 RS 20 0 2 (A ) 78 o 2 S 4 ) AR R B A 25 (0 IL-1 B2 A3 BL5)

TEAE T i PR Al m 353l PRAIT FE B B AR 1 AR D VR T 3877 1) » B 2 % BPD-PH AR AL (BL A5 4% |
FMIAL F e ) LR IR) AR IER N3], T P AN 301 191 5 s A AR AR - 0ok — e 1 735

SE

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

Dumpa, V. and Bhandari, V. (2021) Non-Invasive Ventilatory Strategies to Decrease Bronchopulmonary Dysplasia—
Where Are We in 2021. Children (Basel), 8, Article 132.

Li, B., Qu, S.S., Li, L.X., Zhou, N., Liu, N. and Wei, B. (2024) Risk Factors and Clinical Outcomes of Pulmonary
Hypertension Associated with Bronchopulmonary Dysplasia in Extremely Premature Infants: A Systematic Review and
Meta-Analysis. Pediatric Pulmonology, 59, 3117-3129. https://doi.org/10.1002/ppul.27220

Nagiub, M., Kanaan, U., Simon, D. and Guglani, L. (2017) Risk Factors for Development of Pulmonary Hypertension
in Infants with Bronchopulmonary Dysplasia: Systematic Review and Meta-Analysis. Paediatric Respiratory Reviews,
23, 27-32. https://doi.org/10.1016/j.prrv.2016.11.003

Mascarenhas, D., Al-Balushi, M., Al-Sabahi, A., Weisz, D.E., Jain, A. and Jasani, B. (2025) Pulmonary Hypertension in
Preterm Neonates with Bronchopulmonary Dysplasia: A Meta-Analysis. Archives of Disease in Childhood—Fetal and
Neonatal Edition, 110, 344-352. https://doi.org/10.1136/archdischild-2024-327547

Nawaytou, H., Hills, N.K. and Clyman, R.I. (2023) Patent Ductus Arteriosus and the Risk of Bronchopulmonary Dys-
plasia-Associated Pulmonary Hypertension. Pediatric Research, 94, 547-554.
https://doi.org/10.1038/s41390-023-02522-4

Gentle, S.J., Travers, C.P., Clark, M., Carlo, W.A. and Ambalavanan, N. (2023) Patent Ductus Arteriosus and Develop-
ment of Bronchopulmonary Dysplasia—associated Pulmonary Hypertension. American Journal of Respiratory and Crit-
ical Care Medicine, 207, 921-928. https://doi.org/10.1164/rccm.202203-05700c

van Westering-Kroon, E., Hundscheid, T.M., Van Mechelen, K., Barto$, F., Abman, S.H. and Villamor, E. (2025) Sex
Differences in the Risk of Bronchopulmonary Dysplasia and Pulmonary Hypertension: A Bayesian Meta-Analysis. Pe-
diatric Research, 98, 1687-1695.

Wang, D., Huang, S., Cao, J., Feng, Z., Jiang, Q., Zhang, W., et al. (2024) A Comprehensive Study on Machine Learning
Models Combining with Oversampling for Bronchopulmonary Dysplasia-Associated Pulmonary Hypertension in Very
Preterm Infants. Respiratory Research, 25, Article No. 199. https://doi.org/10.1186/s12931-024-02797-z

Wang, C., Ma, X., Xu, Y., Chen, Z., Shi, L. and Du, L. (2022) A Prediction Model of Pulmonary Hypertension in Preterm
Infants with Bronchopulmonary Dysplasia. Frontiers in Pediatrics, 10, Article 925312.
https://doi.org/10.3389/fped.2022.925312

Stenmark, K.R., Fasules, J., Hyde, D.M., Voelkel, N.F., Henson, J., Tucker, A., et al. (1987) Severe Pulmonary Hyper-
tension and Arterial Adventitial Changes in Newborn Calves at 4300 m. Journal of Applied Physiology, 62, 821-830.
https://doi.org/10.1152/jappl.1987.62.2.821

Fike, C.D. and Kaplowitz, M.R. (1994) Effect of Chronic Hypoxia on Pulmonary Vascular Pressures in Isolated Lungs
of Newborn Pigs. Journal of Applied Physiology, 77, 2853-2862. https://doi.org/10.1152/jappl.1994.77.6.2853
Hansmann, G., Koestenberger, M., Alastalo, T., Apitz, C., Austin, E.D., Bonnet, D., et al. (2019) 2019 Updated Consen-
sus Statement on the Diagnosis and Treatment of Pediatric Pulmonary Hypertension: The European Pediatric Pulmonary
Vascular Disease Network (EPPVDN), Endorsed by AEPC, ESPR and ISHLT. The Journal of Heart and Lung Trans-
plantation, 38, 879-901. https://doi.org/10.1016/j.healun.2019.06.022

Fike, C.D. and Aschner, J.L. (2023) Pharmacotherapy for Pulmonary Hypertension in Infants with Bronchopulmonary
Dysplasia: Past, Present, and Future. Pharmaceuticals, 16, Article 503. https://doi.org/10.3390/ph16040503

Malloy, K.W. and Austin, E.D. (2021) Pulmonary Hypertension in the Child with Bronchopulmonary Dysplasia. Pedi-
atric Pulmonology, 56, 3546-3556. https://doi.org/10.1002/ppul.25602

Migdat, A., Sadel-Wieczorek, A., Ryciak, E., Mirecka-Rola, A., Brzezinska-Rajszys, G. and Zuk, M. (2021) Children
with Bronchopulmonary Dysplasia-Associated Pulmonary Hypertension Treated with Pulmonary Vasodilators—The
Pediatric Cardiologist Point of View. Children, 8, Article 326. https://doi.org/10.3390/children8050326

Mourani, P.M., Ivy, D.D., Gao, D. and Abman, S.H. (2004) Pulmonary Vascular Effects of Inhaled Nitric Oxide and

DOI: 10.12677/acm.2026.1631094 2922 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1631094
https://doi.org/10.1002/ppul.27220
https://doi.org/10.1016/j.prrv.2016.11.003
https://doi.org/10.1136/archdischild-2024-327547
https://doi.org/10.1038/s41390-023-02522-4
https://doi.org/10.1164/rccm.202203-0570oc
https://doi.org/10.1186/s12931-024-02797-z
https://doi.org/10.3389/fped.2022.925312
https://doi.org/10.1152/jappl.1987.62.2.821
https://doi.org/10.1152/jappl.1994.77.6.2853
https://doi.org/10.1016/j.healun.2019.06.022
https://doi.org/10.3390/ph16040503
https://doi.org/10.1002/ppul.25602
https://doi.org/10.3390/children8050326

e, i

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Oxygen Tension in Bronchopulmonary Dysplasia. American Journal of Respiratory and Critical Care Medicine, 170,
1006-1013. https://doi.org/10.1164/rccm.200310-14830c

Sherlock, L.G., Wright, C.J., Kinsella, J.P. and Delaney, C. (2020) Inhaled Nitric Oxide Use in Neonates: Balancing
What Is Evidence-Based and What Is Physiologically Sound. Nitric Oxide, 95, 12-16.
https://doi.org/10.1016/j.niox.2019.12.001

Kitaoka, H., Kobayashi, R., Tanaka, K., Watanabe, M. and Isayama, T. (2025) Inhaled Nitric Oxide for Bronchopulmo-
nary Dysplasia-Associated Pulmonary Hypertension: A Systematic Review and Narrative Synthesis. Neonatology, 122,
467-476. https://doi.org/10.1159/000545034

THEEZHE NS ILBE TR S, FIEESRS)RES SR A, FIRESES )RR S S H A LF 4%
TAREMEEARPJLEE T IR PRt A LRHIE R 42 £, 2022. 37(20): 1527-1538.

Kiskaddon, A., Dang, T. and Mauriello, D. (2024) Tadalafil in Neonates and Infants with Pulmonary Hypertension Sec-
ondary to Bronchopulmonary Dysplasia. The Journal of Pediatric Pharmacology and Therapeutics, 29, 140-143.
https://doi.ora/10.5863/1551-6776-29.2.140

Kadmon, G., Schiller, O., Dagan, T., Bruckheimer, E., Birk, E. and Schonfeld, T. (2017) Pulmonary Hypertension Spe-
cific Treatment in Infants with Bronchopulmonary Dysplasia. Pediatric Pulmonology, 52, 77-83.
https://doi.org/10.1002/ppul.23508

Sullivan, R.T., Raj, J.U. and Austin, E.D. (2023) Recent Advances in Pediatric Pulmonary Hypertension: Implications
for Diagnosis and Treatment. Clinical Therapeutics, 45, 901-912. https://doi.org/10.1016/j.clinthera.2023.07.001

Abman, S.H., Hansmann, G., Archer, S.L., lvy, D.D., Adatia, I., Chung, W.K_, et al. (2015) Pediatric Pulmonary Hyper-
tension: Guidelines From the American Heart Association and American Thoracic Society. Circulation, 132, 2037-2099.
https://doi.org/10.1161/cir.0000000000000329

Zhang, S., Mulder, C., Riddle, S., Song, R. and Yue, D. (2023) Mesenchymal Stromal/Stem Cells and Bronchopulmonary
Dysplasia. Frontiers in Cell and Developmental Biology, 11, Article 1247339.
https://doi.org/10.3389/fcell.2023.1247339

Augustine, S., Avey, M.T., Harrison, B., Locke, T., Ghannad, M., Moher, D., et al. (2017) Mesenchymal Stromal Cell
Therapy in Bronchopulmonary Dysplasia: Systematic Review and Meta-Analysis of Preclinical Studies. Stem Cells
Translational Medicine, 6, 2079-2093. https://doi.org/10.1002/sctm.17-0126

Hansmann, G., Fernandez-Gonzalez, A., Aslam, M., Vitali, S.H., Martin, T., Mitsialis, S.A., et al. (2012) Mesenchymal
Stem Cell-Mediated Reversal of Bronchopulmonary Dysplasia and Associated Pulmonary Hypertension. Pulmonary
Circulation, 2, 170-181. https://doi.org/10.4103/2045-8932.97603

Willis, G.R., Fernandez-Gonzalez, A., Anastas, J., Vitali, S.H., Liu, X., Ericsson, M., et al. (2018) Mesenchymal Stromal
Cell Exosomes Ameliorate Experimental Bronchopulmonary Dysplasia and Restore Lung Function through Macrophage
Immunomodulation. American Journal of Respiratory and Critical Care Medicine, 197, 104-116.
https://doi.org/10.1164/rccm.201705-09250¢

Gilfillan, M.A., Kiladejo, A. and Bhandari, V. (2025) Current and Emerging Therapies for Prevention and Treatment of
Bronchopulmonary Dysplasia in Preterm Infants. Pediatric Drugs, 27, 539-562.
https://doi.org/10.1007/s40272-025-00697-3

Cyr-Depauw, C., MiZik, 1., Cook, D.P., Lesage, F., Vadivel, A., Renesme, L., et al. (2025) Single-Cell RNA Sequencing
to Guide Autologous Preterm Cord Mesenchymal Stromal Cell Therapy. American Journal of Respiratory and Critical
Care Medicine, 211, 391-406. https://doi.org/10.1164/rccm.202403-05690c

Hilgendorff, A., Apitz, C., Bonnet, D. and Hansmann, G. (2016) Pulmonary Hypertension Associated with Acute or
Chronic Lung Diseases in the Preterm and Term Neonate and Infant. the European Paediatric Pulmonary Vascular Dis-
ease Network, Endorsed by ISHLT and DGPK. Heart, 102, ii49-ii56. https://doi.org/10.1136/heartjnl-2015-308591

Hocq, C., Vanhoutte, L., Guilloteau, A., Massolo, A.C., Van Grambezen, B., Carkeek, K., et al. (2022) Early Diagnosis
and Targeted Approaches to Pulmonary Vascular Disease in Bronchopulmonary Dysplasia. Pediatric Research, 91, 804-
815. https://doi.org/10.1038/s41390-021-01413-w

DOI: 10.12677/acm.2026.1631094 2923 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1631094
https://doi.org/10.1164/rccm.200310-1483oc
https://doi.org/10.1016/j.niox.2019.12.001
https://doi.org/10.1159/000545034
https://doi.org/10.5863/1551-6776-29.2.140
https://doi.org/10.1002/ppul.23508
https://doi.org/10.1016/j.clinthera.2023.07.001
https://doi.org/10.1161/cir.0000000000000329
https://doi.org/10.3389/fcell.2023.1247339
https://doi.org/10.1002/sctm.17-0126
https://doi.org/10.4103/2045-8932.97603
https://doi.org/10.1164/rccm.201705-0925oc
https://doi.org/10.1007/s40272-025-00697-3
https://doi.org/10.1164/rccm.202403-0569oc
https://doi.org/10.1136/heartjnl-2015-308591
https://doi.org/10.1038/s41390-021-01413-w

	支气管肺发育不良相关肺动脉高压的治疗策略进展与展望
	摘  要
	关键词
	Advances and Prospects in Therapeutic Strategies for Bronchopulmonary Dysplasia-Associated Pulmonary Hypertension
	Abstract
	Keywords
	1. 引言
	2. BPD-PH的流行病学与危险因素 
	3. BPD-PH的综合管理基础
	4. 靶向肺血管的药物治疗进展
	4.1. 吸入性一氧化氮(iNO)
	4.2. 5型磷酸二酯酶(PDE-5)抑制剂
	4.3. 内皮素受体拮抗剂(ERAS)
	4.4. 前列环素类药物

	5. 前沿与新兴治疗展望
	5.1. 干细胞疗法
	5.2. 体外膜肺氧合(ECMO)

	6. 总结与展望
	参考文献

