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ABSTRACT

Pregnancy complicated with pulmonary hypertension is a severe and dangerous condition. Due to changes in the mater-
nal cardiovascular system, the symptoms of pulmonary hypertension during pregnancy may be more severe compared
with those in non-pregnant women. This review describes effective treatment methods, including preconception counsel-
ing and monitoring, overall care, labor and postpartum care, contraception, maternal and fetal outcomes, and principles of
diagnostics and management. The review was performed in line with the PRISMA guidelines across eLibrary and PubMed
databases in 2024. The search queries were neroyHas apTepuanbHasi TUNepTeH3us y 6epeMeHHbIX (pulmonary hypertension
in pregnancy), 0CnoXHeHWUsi bepeMeHHOCTM W poLi0B MPM SIEFOYHON apTepuanbHoi runepteHsum (complications of pregnancy
and labor in pulmonary hypertension), nperpaBugapHas NOAroToOBKa Y MaLMEHTOK C NIErOYHON apTepuanbHON UNepTeH3m-
en (preconception care in patients with pulmonary hypertension), KoHTpaLenuMs y NaLMEHTOK C NEroYHOl apTepuanbHoM
runepteHsmeit (contraception in patients with pulmonary hypertension), aHecTesusi npu pogopaspelleHu BepeMeHHbIX
C JIeroyHon apTepuanbHoii runepTeH3unent (anesthesia in labor in pregnant women with pulmonary arterial hypertension).
The review included the studies of any design published in these databases over the past decade. The initial search identified
235 articles, yielding 89 titles after removal of duplicates, abstracts, and summaries without an available full-text version.
After removal of 56 articles that did not meet the inclusion criteria, 33 full-text articles were analyzed and included in the
review. It was found that pulmonary hypertension in pregnancy is a rare condition associated with a high complication rate
and mortality. The study data obtained in recent years demonstrate better survival rates in the patients with such condition.
The management and delivery of pregnant women with comorbid pulmonary hypertension are difficult. For successful out-
comes, they require a personalized and multidisciplinary approach. All women with pulmonary hypertension should avoid
pregnancy due to the high risk of maternal mortality. Close maternal and fetal observation by a multidisciplinary team during
pregnancy and labor is recommended in case of pregnancy maintenance. There is no current consensus on drug and dose
selection for women with pulmonary hypertension. The choice of the abortion time, labor time, and anesthesia is based on
individual needs and risk assessment. The possible association between pulmonary hypertension and pre-eclampsia deserves
special attention and further study.
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AHHOTALIMSA

bepeMeHHOCTb, OCNOXHEHHAA NIEroYHON apTepuanbHoOl rMnepTeH3nel, ABAETCS TAXKENbIM U ONacHbIM COCTOsHMEM. M3Me-
HeHWs B CepL,EeYHO-COCYAMCTON CMCTEMe MaTepu MpeAnonaraioT, YTo JIeroyHas apTepuanbHas rMnepTeH3us Bo Bpems be-
PEMEHHOCTU MOXKET MPOSBNIATLCA 6oniee TAXENbIMA CUMMTOMaMM MO CPAaBHEHMIO C TaKOBbIMU y HebepeMeHHbIX. B aaHHOM
0630pe ocBeLLeHbl 3bDdEKTUBHBIE METObI JIEYEHHS, BKIIHOYAsA KOHCYNbTUPOBAHWE M MOHUTOPWHI Ha NperpaBuAapHOM 3Tane
HabnoaeHus, 06LLMIA yxo[, POLbl U NOCNEPOAO0BbIN NEPUOL, BONPOCHI KOHTPALLENLMW, UCX0Abl A1S MaTepy U Niofa, NpUHLM-
Mbl AMarHOCTUKM 1 BefeHus. lpoBeaeH 063op nuTepaTypbl B COOTBETCTBUM C pekoMeHaauusamMm PRISMA. 063op nybnukauuii
nposeneH B 2024 r. B 6a3ax eLibrary u PubMed. Mcnonb3oBanuch cnepytolime NoMcKOBbIe 3anpochbl: «fleroyHas apTepu-
anbHas runepTeH3ns y 6epeMeHHbIX», «OCIOXKHEHUs BepeMeHHOCT M POJLOB MPW JIETOYHON apTepuanbHOW rnepTeH3uN»,
«nperpaBuiapHas MOAroTOBKAa y MaLMEHTOK C JIErOYHOW apTepuanbHONM TMMepTeH3Mei», «KOHTpaLUenuus Y MauueHToK
C JIero4HOM apTepuasibHOM TUMepTeH3Mel», «aHecTes3us NMpu pofopaspeLleHnn DepeMeHHbIX C JIer0YHOW apTepuasnbHoil
runepTeH3meii». B 0630p BKIOYEHbI MCCNefoBaHWA Noboro Au3aiiHa, onybnMKoBaHHbIE B YKa3aHHbIX Dasax 3a mocnefHue
10 ner. lepBuyHo Bbino oTobpaHo 235 paboT, U3 KOTOpbIX Mocne yaaneHus Ay6nMKaToB, TE3UCHBIX MybNMKaLuiA U pestoMe
cTateit 6e3 OCTynHOW NOAHOTEKCTOBOM Bepcuu ocTanock 89. Mocne ynanexus 56 ctateit, KOTOpble HE COOTBETCTBOBAJIN KpU-
TepUsM BKJIIOYEHMs, Bbl10 MpoaHann3upoBaHo 33 MOSHOTEKCTOBbIX CTaTeid. YCTaHOBMEHO, YTO NIeroyHas apTepuanbHas runep-
TeH3us BO BpeMs bepeMeHHOCTH BCTpeyaeTCs PefKo M CBA3aHa C BbICOKOW YacTOTON OCNOXHEHWUA U NneTanbHoCTU. [TonyyeHbl
LaHHble 00 ynyulieHy BbIKMBAEMOCTU TaKMX MaLMEHTOK B MocnefHue rofbl. bepeMeHHble ¢ cOnyTCTBYHOLLEN naTonoru-
e/l B BapuaHTe JIEr04YHON apTepuanbHOM MUNepTEH3UM CNOXHBI B BEIEHUM U POJ0pa3peLLeHuy, TpebyioT MHANBUAYaNbHOTO
W MyNbTUOMCLMNIIMHAPHOMO NoAXoAa A1 JOCTUKEHUS YCMELUHbIX pe3ysbTaToB. Bce naumMeHTKM ¢ NeroyHoi aptepuanbHoi
rUNepTeH3neil AOMKHbI M3beratb bepeMeHHOCTU BBUAY BbICOKOTO PUCKA MATEPUHCKOW CMepTHOCTU. [pu NposoHrMpoBaHuu
bepeMeHHOCTV MOKa3aHo TiiaTenbHoe HabmofeHWe 3a MaTepbio W NIOAOM BO BpeMsi BepeMeHHOCTH U B POAaX MHOMOMpo-
(uUIbHOM KOMaHZoM cneumanucToB. B HacToswee BpeMs HET eAMHOr0 MHEHWS M0 BbIBOPY JIEKapCTB U [LO3MPOBKU [J1S1 KeH-
LUMH C NIEroYHOi apTepuanbHoil runepTeH3vel. Cpoku npepbiBaHus bepeMeHHOCTH, POLOB M BbIBOp aHecTe3wu 0bycroBrieH
WHAMBULYaNbHBIMU NOTPEOHOCTAMM M OLIEHKOI pUCKa. MoTeHUManbHas CBA3b MEXY NIEFOYHON apTepuUanbHOl r1nepTeH3uel
W Npe3KIaMICcUeN 3acnyKMBaeT 0c000ro BHUMaHWS W AaNbHEMLLEr0 U3YYEeHMS.

KnioueBble cfioBa: bepeMeHHOCTb; NeroyHas apTepuanbHas rMnepTeH3Ns; MaTeEPUHCKas CMEPTHOCTb; OLLEHKA PUCKa;
NpesKnamncus; NposIoHrMpoBaHue bepeMeHHOCTH; NpepbiBaHue bepeMeHHOCTH.
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INTRODUCTION

The incidence of cardiovascular disease during preg-
nancy continues to increase and is one of the most com-
mon causes of maternal mortality. Pulmonary arterial
hypertension (PAH) is a high-risk pathology associated
with a 3-year mortality rate and an incidence rate of 55%.
PAH is extremely rare, treatment-resistant, and more
frequently affects women, particularly those of repro-
ductive age. In a recent review of cardiac diseases during
pregnancy, PAH accounted for only 1% of cases but had
the highest mortality rate. Advances in pulmonary va-
sodilator therapy, combined with earlier recognition and
treatment of conditions such as congenital heart disease
(CHD), have improved life expectancy, enabling most af-
fected women to reach reproductive age [1].

Pregnancy induces physiological changes in the car-
diovascular system, including a 45% increase in circulat-
ing blood volume and cardiac output, decreased systemic
vascular resistance, and heightened maternal volume re-
ceptor sensitivity and sympathetic activation, resulting in
a 25% increase in heart rate [2].

Hemodynamic changes during pregnancy are influ-
enced by hormonal shifts; progesterone activates the
renin—angiotensin—aldosterone system, which leads to
sodium retention and volume expansion, inducing addi-
tional strain on the cardiovascular system [3].

The physiological effects of pregnancy on pulmonary
circulation are similar to those observed in systemic cir-
culation under normal conditions. Increased progesterone
levels promote pulmonary vasodilation and recruitment
of previously unperfused pulmonary arterioles. In PAH,
the thin-walled and compliant pulmonary vasculature be-
comes thickened and chronically vasoconstricted. These
maladaptive pulmonary arteries are unable to accom-
modate increased cardiac output and plasma volume,
resulting in further increase of pulmonary vascular re-
sistance (PVR) and right ventricular (RV) deformation,
making the RV susceptible to ischemia and failure. Con-
sequently, left ventricular dysfunction may occur due to
interventricular dependence and compression related
to cardiac chamber remodeling. In PAH, the most criti-
cal period before delivery is between 20 and 30 weeks
of gestation, when cardiac output peaks. During labor,
sympathetic stimulation related to pain, fluid shifts, and
changes in intrathoracic pressure from the Valsalva ma-
neuver in the second stage further increases PVR. This
may cause rapid preload-dependent RV changes, po-
tentially leading to catastrophic cardiovascular collapse
[1-3].

In pregnant patients with PAH, the risk of RV failure
significantly increases during labor and the early postpar-
tum period, influenced by physiological changes in pres-
sure and volume in the cardiovascular system. During
labor, each uterine contraction displaces up to 500 mL of
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blood into the maternal circulation, increasing circulating
blood volume, cardiac output, and arterial pressure by
up to 25%. In the postpartum period, cardiac output may
further increase due to autotransfusion from uterine in-
volution and reabsorption of physiologic edema from the
lower extremities. Additional cardiovascular strain may
be caused by obstetric bleeding, anesthesia, analgesia,
or purulent-septic complications. Mortality risk in PAH is
highest immediately postpartum, whereas normalization
of physiological parameters may take 3—6 months [3].
This study aimed to analyze the available literature on
optimizing management of pregnant patients with PAH.

METHODS

The study was conducted in two stages. The first stage
involved a literature search in eL/BRARY.RU and PubMed.
The following search queries were used: neroyHas
apTepuanbHas runepteHsus y bGepeMeHHbIX (pulmo-
nary arterial hypertension in pregnancy), 0CnoXHeHus
DepeMeHHOCTW u POAOB NpW NEro4Hol apTepuanbHoi
runepteHsun (pregnancy and delivery complications
in pulmonary arterial hypertension), nperpaBugapHas
NOArOTOBKA y NAUMEHTOK C NEroyHoil apTepuanbHoi
runepTeH3ueii (preconception care in patients with pulmo-
nary arterial hypertension), KOHTpaLeNu1s y NaLUMEHTOK
C NeroYyHoi apTepuanbHOM runepTeH3uen (contracep-
tion in patients with pulmonary arterial hypertension),
and aHecTesus npu popopaspelieHns 6GepeMeHHbIX
C NeroYHoi apTepuanbHOM runepTeHsuen (anesthesia
for delivery in pregnant women with pulmonary arte-
rial hypertension). Studies of any design published in
the specified databases over the past 10 years were re-
viewed. Initially, 235 publications were identified. After
removing duplicates, conference abstracts, and article
summaries without full-text availability, 89 publications
remained.

The second stage comprised reviewing the publica-
tions and excluding those that did not meet the inclusion
criteria. Eligible studies addressed the management of
patients with PAH during preconception care, pregnancy,
labor, and the postpartum period and those examining
the feasibility of pregnancy and contraception in this
population.

RESULTS
Pathophysiology and Classification

When the pathological cycle of PAH begins, it becomes
difficult to interrupt. Three primary processes contribute
to increased PVR: sustained pulmonary vasoconstriction;
cellular proliferation within the intimal, medial, and ad-
ventitial layers of the pulmonary vasculature; and in situ
thrombosis that impedes pulmonary capillary flow. Con-
sequently, vascular remodeling reduces the availability
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of endogenous vasodilators, namely, nitric oxide and
prostacyclin, while promoting overexpression of endo-
thelin-1, a potent vasoconstrictor. These changes lead to
RV dilation, increased afterload, and abnormal ventricular
remodeling. Ultimately, RV dysfunction and failure devel-
op, which are the principal survival determinants in PAH.
An adaptive mechanism that may counteract these chang-
es is preserved RV function. In the absence of therapy for
PAH, the RV cannot compensate for the increased venous
return, which leads to its dilation [4].

According to the 2022 Russian clinical guidelines for
pulmonary hypertension, including chronic thromboem-
bolic pulmonary hypertension, PAH (or pulmonary hyper-
tension [PH]) is a hemodynamic and pathophysiological
condition characterized by a mean pulmonary arterial
pressure (mPAP) =25 mmHg at rest, measured by right
heart catheterization. In 2022, the European Society of
Cardiology (ESC) and European Respiratory Society (ERS)
updated their clinical guidelines and defined PAH as
mPAP >20 mmHg. Additional diagnostic criteria include
a pulmonary artery wedge pressure <15 mmHg and PVR
>2 Wood units [5].

The disease corresponds to risk category 4 in the
modified World Health Organization (mWHO) classifica-
tion for cardiovascular complications in pregnant women
with heart disease. It is associated with high maternal
and perinatal mortality; therefore, pregnancy is contra-
indicated in patients with PAH. Although advancements
in PAH therapy have led to decreased maternal mortality,
the rate remains high, requiring a highly individualized
approach in managing such pregnancies [4, 6, 7].

In an analysis of 125 pregnancies in women with PAH
between 1978 and 1996, maternal mortality was 36% in
those with Eisenmenger syndrome, 30% in those with pri-
mary PAH, and 56% in those with secondary PAH [8]. Over
the past decade, maternal mortality in patients with PAH
has decreased to 3.6%—7.2%; however, the highest rates
are still observed in patients with Eisenmenger syndrome
and secondary PAH. Considering the high risk of adverse
outcomes, pregnancy is contraindicated in patients with
PAH. Upon diagnosis, pregnancy termination or early de-
livery should be considered based on gestational age and
maternal condition [8].

Despite these risks, the number of pregnancies in
women with PAH has increased in recent years. This is
primarily attributed to improved treatment options, which
have enabled more women with PAH to survive into re-
productive age [2, 9].

Moreover, there has been an active search for predic-
tors of adverse outcomes to enable individualized risk
assessment in patients with PAH. This is particularly
relevant for pregnant women with PAH because it helps
estimate the possibility of maternal and fetal complica-
tions and informs clinical management strategies. In ad-
dition to well-established risk factors, predictors of poor
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outcomes in PAH include first pregnancy (odds ratio [OR],
3.70; 95% Cl, 1.15-12.5; p=0.03), general anesthesia use
(OR, 4.37; 95% CI, 1.28-16.5; p=0.02), rapid progression
of PAH-related syndromes (OR, 3.044; 95% CI, 1.042-
8.895; p <0.05), brain natriuretic peptide plasma level
>300 pg/mL (OR, 5.543; 95% Cl, 1.403-21.896; p <0.05),
severe PH with mPAP =80 mmHg (OR, 6.769; 95% ClI,
2.748-16.677; p <0.05), mWHO functional class 3-4
(OR, 6.053; 95% CI, 2.638-13.886; p <0.05), and a his-
tory of pulmonary hypertension prior to pregnancy (OR,
5.434; 95% Cl, 1.298-22.738; p <0.05). However, these
predictors were identified in studies with small sample
sizes [10].

In addition, systolic pulmonary arterial pressure has
been recognized as an independent risk factor, with a
threshold value of 56 mmHg. In a multivariate analy-
sis of 249 pregnant women (214 with PAH and 35 with
PH due to left heart disease), preexisting PH, delivery
at =28 weeks of gestation, and severe disease with
pulmonary arterial pressure >80 mmHg were identi-
fied as independent predictors of cardiac complications
[7, 10].

Preconception Counseling

Preconception counseling is critical in managing wom-
en of reproductive age with PAH, as it directly contributes
to risk mitigation. Patients with PAH should be advised
to use reliable and safe contraception; however, difficul-
ties may be encountered in clinical practice. Combined
hormonal contraceptives are associated with increased
risk of venous thromboembolism (VTE) and may be used
only in patients with PAH receiving anticoagulant therapy.
Progestin-only contraceptives, which are recommended
for this population, involve risks. In a meta-analysis by
Mantha et al. in 2012 (8 randomized controlled trials),
injectable progestins were associated with a twofold
increased risk of VTE compared with oral formulations,
indicating the need for further research regarding their
safety. Additionally, patients using progestin-only contra-
ceptives and receiving bosentan—an endothelin receptor
antagonist—should use additional contraception meth-
ods because the drug decreases the area under the curve
of estrogen and progesterone concentrations by 14% and
31%, respectively [1, 3, 7].

Insertion of intrauterine contraceptive devices may
cause vasovagal reactions, which can result in serious
adverse events such as acute reductions in cardiac output
and cardiovascular collapse in women with PAH. Barrier
methods are unreliable, and sterilization, although effec-
tive, is irreversible and carries anesthetic risk [7].

Women with PAH who are planning to get pregnant
should undergo genetic screening and counseling, as rec-
ommended by the 2022 Russian clinical guidelines on the
management of normal pregnancy and ESC/ERS clinical
practice guidelines. If a patient has heritable PAH and
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BMPR2 gene mutation is identified, the risk of the child
inheriting this mutation and developing PAH should be
discussed with her. Moreover, it is crucial to consider the
etiology of PAH in women who are planning pregnancy
or are already in early gestation, as treatment of the
underlying disease may involve drugs with teratogenic
effects [11].

If PAH is diagnosed or suspected, patients should be
referred to a specialized cardiology center for further
evaluation and treatment. The multidisciplinary team
should comprise obstetrician—gynecologists, cardiolo-
gists, and anesthesiologist—intensivists. During labor,
these patients require the involvement of hematologists,
cardiac anesthesiologists, intensive care specialists,
neonatologists, and extracorporeal membrane oxygen-
ation (ECMO) teams. Antenatal anesthetic planning should
include documentation for planned and emergency de-
liveries.

Terminating pregnancy in patients with PAH may be
decided at any stage of gestation [12—14]. Medical termi-
nation of pregnancy in the first trimester of pregnancy is
considered the safest. It is critical that women are part of
the overall decision-making process during counseling.
Patients who decide to continue the pregnancy require
regular follow-up by a cardiologist in collaboration with
an obstetrician—gynecologist, with increasing frequency
as gestation progresses [15].

Diagnosis

Functional status is a crucial component of assess-
ment. The World Health Organization functional class
(WHO-FC) is the most reliable prognostic indicator of
survival in PAH, and any deterioration in functional sta-
tus should prompt immediate evaluation. Other prognos-
tic indicators include the 6-minute walk test, which is
simple to perform and interpret. Additionally, it is rec-
ommended to assess perceived exertion using the Borg
scale at the end of the test [14, 15].

Brain natriuretic peptide (BNP/NT-proBNP, a peptide
hormone and its inactive N-terminal fragment) is the
most commonly used biochemical marker in PAH. BNP
levels typically double during pregnancy but usually re-
main within the normal range, making BNP an indica-
tor of worsening cardiac function. Although no specific
biochemical marker for PAH has been identified, BNP
remains the most prognostically informative biomarker
(12, 14].

Transthoracic echocardiography (TTE) is the first-line
noninvasive test for PH diagnosis. Doppler measurements
and the modified Bernoulli equation are used to calculate
tricuspid regurgitation velocity and estimate PAP in sus-
pected PH. Tricuspid valve blood flow velocity and other
TTE parameters are used to evaluate the probability of
PH [9, 15]. Regular TTE monitoring is crucial for evaluat-
ing PAH-related outcomes, including right atrial and RV
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function, the degree of tricuspid regurgitation, and left
ventricular remodeling and dysfunction. These findings
support treatment planning and delivery management in
comprehensive care. The frequency of echocardiographic
assessment increases in the third trimester, depending
on the patient’s functional status, and is performed by a
cardiologist [15].

In most patients, PAH is diagnosed before delivery.
Diagnosis may be challenging because symptoms are
often nonspecific and subtle, leading to delayed recog-
nition. Particular attention should be given to pregnant
women with a family history or comorbidities such as
coronary artery disease, HIV infection, or connective tis-
sue disease. Caution should be exercised in patients com-
plaining of excessive exertional dyspnea, fatigue, or signs
of right heart failure. These patients should be urgently
referred to specialized cardiology centers for further
evaluation.

Electrocardiography (ECG) may be normal, particularly
in mild cases of PAH. In more severe cases, ECG may
show RV dilatation and hypertrophy or supraventricular
arrhythmias such as atrial fibrillation or atrial flutter.
Ventricular arrhythmias rarely occur in PAH. The diag-
nostic workup include identifying the presence, severity,
and etiology of PH and evaluating the extent of right heart
dysfunction [13, 15].

According to ESC/ERS guidelines, echocardiographic
assessment of PH probability should include findings
from at least two different categories (types A and B).
Structural abnormalities observed on TTE in severe PAH
include RV hypertrophy, right atrial enlargement, tricus-
pid regurgitation, and interventricular septal displace-
ment. Moreover, echocardiography allows differentiation
between PH and PAH with CHD findings and for excluding
signs of left heart disease. To exclude lung diseases or
thromboembolic diseases, spirometry and ventilation-
perfusion (V/Q) scanning or pulmonary computed tomog-
raphy angiography should be performed [16, 17].

Right heart catheterization remains the gold standard
for diagnosing PAH. It allows for establishing the diag-
nosis, assessing disease severity, and determining thera-
peutic interventions. Particularly, it is useful in patients
with mixed-etiology PH, which is common especially
in CHD. The risk of complications from catheterization
during pregnancy is low when performed at specialized
cardiology centers. To minimize fetal radiation exposure,
appropriate shielding should be employed, fluoroscopic
exposure should be limited to focused areas, and radial
artery access should be preferred over femoral access to
avoid pelvic irradiation [1, 3, 16, 18].

Treatment Methods

Targeted therapies have improved the survival and
life expectancy of patients with PAH. These therapies
act on three biological pathways. Endothelin-1 causes
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vasoconstriction of the vascular smooth muscle by bind-
ing to endothelin-A receptors. Bosentan, ambrisentan,
and macitentan are widely used endothelin receptor
antagonists. However, they are contraindicated in preg-
nancy owing to teratogenicity and their category X clas-
sification [3, 7, 13].

The nitric oxide and prostacyclin (PGl,) pathways are
downregulated in PAH, resulting in decreased production
of cyclic guanosine monophosphate and cyclic adenosine
monophosphate (cAMP), respectively. This promotes va-
soconstriction and abnormal cellular proliferation. Phos-
phodiesterase-5 (PDE5) inhibitors target the nitric oxide
pathway. Studies have recommended sildenafil, an oral
selective PDE5 inhibitor, as a first-line agent in preg-
nant patients with WHO-FC1/2 and preserved RV function.
Studies have shown that sildenafil improves exercise ca-
pacity and hemodynamic parameters and is available in a
parenteral formulation. Riociguat, a newer drug that also
targets the nitric oxide pathway, is contraindicated during
pregnancy [4, 6, 13].

Prostacyclin analogs target the PGI, pathway. These
agents are administered parenterally (epoprostenol), via
inhalation (iloprost), or subcutaneously (treprostinil).
Studies have demonstrated that epoprostenol improves
symptoms and physical capacity and decreases morta-
lity in nonpregnant patients with idiopathic PAH. Initiat-
ing therapy is decided by a cardiologist, with the primary
goal of preserving RV function. Epoprostenol has a short
half-life (3—5 min), and abrupt discontinuation can lead
to a rebound effect. Treatment requires long-term tun-
neled venous access and should be administered with
caution owing to the risk of septic complications. Inhaled
iloprost has been successfully used during pregnancy;
however, its requirement for multiple daily doses may
be inconvenient for patients. Another concern with epo-
prostenol is increased risk of bleeding due to inhibition of
platelet aggregation. There have been reports of wound
hematomas, thrombocytopenia, and severe postpartum
hemorrhage associated with epoprostenol use during
pregnancy in patients with PAH. No cases of neuraxial
hematoma during regional anesthesia have been reported
(3, 16].

In addition to targeted therapy, antenatal care includes
risk assessment of anticoagulation therapy. Idiopathic
PAH is associated with an increased risk of thrombosis.
Evidence indicates improved survival when such patients
are treated with anticoagulants. Conversely, patients with
Eisenmenger syndrome are at a higher risk of bleeding
due to intrinsic deficiencies of vitamin K-dependent clot-
ting factors and a predisposition to thrombocytopenia.
Therefore, anticoagulant therapy in pregnant patients
with PAH requires individualized risk assessment. Pa-
tients receiving warfarin or direct oral anticoagulants
should be switched to low-molecular-weight heparin
[19-21].

Tom 44,N° 1, 2025

00l hitps://doi.org/ 1017816/ rmmaré4316]

V138ecTua Poccuiickonm
BOCHHO-MEAVILIHCKOV aKaaemum

Decompensated right ventricular failure in patients
with PAH results in fluid retention, increased central ve-
nous pressure, hepatic venous congestion, ascites, and
peripheral edema. Diuretic therapy may be used carefully
when needed to avoid adverse fetal effects. Furosemide
is the first-line agent, whereas spironolactone is contra-
indicated in pregnancy owing to its teratogenicity. When
diuretics are used, renal function and serum biochemistry
should be closely monitored to detect hypokalemia and
prerenal insufficiency [20, 21].

Iron deficiency is common in patients with PAH. Ane-
mia should be corrected and monitored to optimize the
oxygen-carrying capacity of blood [13, 20, 21].

Delivery

According to expert consensus, cesarean section is
preferred for pregnant patients with PAH; however, sup-
porting evidence is limited. The advantages of cesarean
delivery over vaginal birth include avoidance of physio-
logical stressors associated with labor, particularly pain-
induced catecholamine release and the Valsalva maneu-
ver. These stressors may be mitigated through epidural
anesthesia and operative vaginal delivery. Several case
series have reported successful vaginal births in patients
with PAH. However, in primigravidas with severe PAH,
the risk of maternal decompensation during prolonged
labor induction should be considered. The mode of deliv-
ery should be individualized based on obstetric and peri-
natal indications, PAH severity, and patient preference.
When vaginal delivery is planned, scheduled induction
facilitates timely cessation of anticoagulation therapy,
appropriate monitoring, neuraxial anesthesia, and timely
cesarean section if warranted [14, 21, 22].

Several medications, diagnostic procedures, and
therapeutic interventions are not readily available in de-
livery units, and transfer to the intensive care unit may
be delayed in the event of sudden maternal or fetal de-
terioration. Delivery in a tertiary care center by a multi-
disciplinary team is optimal for these patients, ensuring
prompt operative delivery or medical intervention, includ-
ing ECMO if needed [7, 22].

The optimal timing of delivery is considered to be at
34 weeks of gestation; however, individual clinical sce-
narios may require a personalized approach. PAH during
pregnancy is associated with a high risk of preterm birth
and an increased incidence of neonatal complications.
The timing of delivery should balance the maternal risk
of clinical deterioration with the benefits of pregnancy
prolongation for neonatal outcomes [22, 23].

Intrapartum hemodynamic goals include preventing
increases in pulmonary vascular resistance and RV af-
terload while maintaining systemic vascular resistance.
This requires preventing hypoxia, hypercapnia, acido-
sis, elevated airway pressures, and pain. Nonpharma-
cologic strategies should include supplemental oxygen
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and careful fluid management to avoid volume overload.
Furthermore, oxytocin should be administered in a con-
centrated solution to reduce the risk of fluid overload
during labor induction [6, 23].

Neuraxial anesthesia is the recommended method
for vaginal delivery and cesarean section in patients with
PAH. Slowly titrated epidural analgesia initiated before
labor induction minimizes hemodynamic instability, re-
lieves pain, and allows a smooth transition to regional
anesthesia for cesarean delivery if required. Alternative
analgesic modalities, such as nitrous oxide and patient-
controlled opioid analgesia, should be avoided owing to
risk of increased circulating blood volume and potential
worsening of hypoxia and hypercapnia [24, 25].

Adequate regional anesthesia for cesarean delivery
requires a dermatomal block to the T5 level. Single-shot
spinal anesthesia is contraindicated in patients with PAH
because of the risk of rapid hemodynamic shifts, particu-
larly vasodilation, which may impair RV perfusion. Epi-
dural anesthesia allows for cautious titration but may not
provide sensory blockade required for cesarean section.
Combined spinal and epidural anesthesia is considered
favorable because low-dose spinal anesthesia achieves
a denser block without the risk of rapid hemodynamic
instability [24, 25].

General anesthesia may be required in cases of
cardiopulmonary decompensation or ongoing antico-
agulation. However, it may result in impaired cardiac
contractility, increased heart rate due to laryngoscopy,
decreased preload, and increased PVR due to positive-
pressure ventilation. General anesthesia further reduc-
es functional residual capacity and causes atelectasis,
thus worsening hypoxia and hypercapnia. Bedard et al.
showed that pregnant patients with PAH who received
general anesthesia were four times more likely to
die compared with those who received regional anes-
thesia. Conversely, Bonnin et al. described a case se-
ries demonstrating favorable outcomes with general
anesthesia, although the number of cases was small
[26, 27].

Continuous ECG and pulse oximetry monitoring should
be maintained throughout labor. Invasive blood pressure
monitoring through intra-arterial catheter and central
venous access is recommended. The use of pulmonary
artery catheters (PACs) remains controversial owing
to well-documented associated risks. There have been
reports of uncomplicated PAC use, allowing for direct
measurement of pulmonary pressures and therapeutic
adjustment. However, placement of PACs may be chal-
lenging in patients with RV dilation or CHD, but can be
employed in selected clinical cases [28].

The use of uterotonic agents in pregnant patients
with PAH may affect PVR, decrease systemic vascular
resistance, and induce tachycardia, potentially precipi-
tating acute cardiovascular collapse. Large bolus doses
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of oxytocin should be avoided; oxytocin should be ad-
ministered by slow intravenous infusion with continuous
cardiovascular monitoring until adequate uterine tone is
achieved. Carry et al. presented two cases of maternal
death associated with bolus administration of oxytocin.
Carboprost, a prostaglandin F2a analog, increases PVR
and thus should be avoided. Ergometrine is also not
recommended because of its hypertensive effect. None-
theless, the use of uterotonics in pregnant patients with
PAH should not be contraindicated in cases with a high
risk of postpartum hemorrhage. Misoprostol is safe
to use, although it is less effective in managing post-
partum bleeding. The use of specific uterotonic agents
should be determined ahead in the event of postpartum
hemorrhage, with early consideration of hysterectomy
[23, 29].

The primary goal of hemodynamic support is to mini-
mize PAR and preserve RV function. Pulmonary vasodi-
lators such as prostacyclin analogs should be continued
during labor. Low-dose dobutamine may be administered
for additional inotropic support. Adverse effects include
peripheral vasodilation and tachyarrhythmias. Milrinone
has inodilatory properties, but is more difficult to titrate.
Its adverse effects include vasoplegia and renal insuffi-
ciency. Low-dose epinephrine improves RV contractility,
but may increase myocardial oxygen demand and cause
tachyarrhythmias at higher doses. Norepinephrine is used
to preserve RV perfusion by counteracting the vasodila-
tory effects of neuraxial and inodilatory agents. At low
doses, norepinephrine has minimal impact on pulmo-
nary circulation and is associated with more favorable
fetal outcomes than other vasopressors. Phenylephrine
should be avoided for patients with PAH because it may
worsen PVR. Vasopressin induces potent systemic va-
soconstrictive effects with minimal influence on pulmo-
nary circulation and has been successfully used post-
partum in cases of clinical deterioration due to idiopathic
PAH. However, it should be administered with caution
before delivery owing to its potential uterotonic effect
(30, 311.

There are no unified guidelines for ECMO use in preg-
nant patients with PAH. The decision to perform ECMO
depends on right heart dysfunction severity and its
functional status. ECMO should be considered in cases
of acute decompensation and in heart-lung transplan-
tation. In cases of clinical decompensation, venoarterial
ECMO is most commonly used for ventricular failure. This
may involve micropuncture cannulation and placement
of ECMO on standby prior to attempted vaginal delivery,
with ECMO ready for immediate initiation in the event of
acute decompensation. However, the heparinization re-
quired for ECMO complicates neuraxial anesthesia use.
Additional risks include thrombosis, hemorrhage, and
lower limb ischemia. ECMO has been reported in six pa-
tients with PAH, none of whom survived beyond 3 months
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postpartum. A later systematic review described a 50%
survival rate among 28 patients with PAH. Clinical report
studies describing ECMO use in this population are lim-
ited. Nonetheless, hospitalization in specialized cardiol-
ogy centers with ECMO capability should be considered

for such patients [31, 32].

An acute pulmonary hypertensive crisis possibly oc-
curs in the immediate postpartum period. Clinical fea-
tures may include chest pain, dyspnea, rales, oxygen
desaturation, hypotension, or syncope. Right ventricu-
lar failure is the most probable differential diagnosis
(26, 28].

Emergency management of acute pulmonary hyper-
tensive crisis should include the following [31]:

1. Correction of precipitating factors such as hypoxia, hyper-
capnia, acidosis, elevated airway pressures, arrhythmias,
and pain

2. Therapy with pulmonary vasodilators

RV support with dobutamine or milrinone

4. Maintenance of RV perfusion using norepinephrine or va-
sopressin

5. Reduction of RV preload with diuretics
A specific treatment plan for acute decompensated

PAH (acute pulmonary hypertensive crisis) should be es-

tablished early, with emergency medications and special-

ized equipment readily available prior to delivery [33].
The risk of complications in PAH is highest immedi-

ately after delivery, with the highest mortality occurring

during the first month postpartum. Right ventricular fail-
ure remains the leading cause of death. Patients should

be monitored in an intensive care unit for at least 24-48 h

postpartum and may require continued RV support. How-

ever, because RV failure is the most common cause of
death, other etiologies such as sepsis, thrombosis, and
hemorrhage should also be considered. Patients with

PAH are susceptible to thromboembolic complications in

the postpartum period. Management includes oral antico-

agulant therapy. Additionally, contraception counseling is

w
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comes.
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