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Abstract: Pulmonary hypertension (PH) is a heterogeneous disease characterized by an elevated mean pulmonary artery pressure of
20 mm Hg or above. PH is a prevalent condition among women of reproductive age and is linked with poor prognosis during
pregnancy. Pregnancy is a stressful event and complicates the management and prognosis in patients with PH. In this review, we
discuss the pathogenesis, clinical presentation as well as therapeutic options for PH during pregnancy. We also highlight knowledge
gaps to guide future research.
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Introduction
Cardiovascular diseases are one of the leading causes of preventable maternal morbidity and mortality in developed
countries, including the United States (US).1 Pulmonary hypertension (PH) among pregnant women carries a high
mortality risk for both the mother and fetus, with some data suggesting that the maternal mortality rate is as high as 30–
56%.2 In recent years, studies have shown a decline in maternal mortality among pregnant women with well controlled
PH, with mortality rates ranging from 9–25%.3–5 Primary pulmonary arterial hypertension (PAH) is the most prevalent
type of PH among women of reproductive age, and it is 2–4 times more common among women compared with men,6,7

with a median survival rate of 2.8 years among untreated non-pregnant women.8,9 Societal guidelines recommend against
pregnancy in patients with PH because of the high maternal mortality.10,11 Despite these recommendations, a number of
women with PH decide to become pregnant while others might be diagnosed with PH for the first-time during pregnancy.
In one study, 1 out of 4 women with PH associated with congenital heart disease (CHD) and 16% of primary PAH were
diagnosed for the first time during pregnancy.12 In this review, we provide an overview for the pathogenesis, clinical
presentation as well as therapeutic options for PH during pregnancy.

Classification
PH is a heterogenous disease that could be primary or secondary to other conditions. It is defined as a mean pulmonary
arterial pressure (mPAP) ≥20 mmHg at rest.13,14 However, using a threshold value for PAP alone might not be sufficient
to characterize PH. To better define PH, the values of both pulmonary capillary wedge pressure (PCWP) and pulmonary
vascular resistance (PVR) are helpful, thus right heart catheterization (RHC) is usually indicated to confirm the diagnosis,
especially among non-pregnant women. The 6th World Symposium on PH proposed a cut off value for PVR ≥3 Wood
Units (WU) and PCWP >15 mmHg to further classify PH.13 Accordingly, PH is classified hemodynamically into pre-
capillary, post-capillary, and combined pre- and post-capillary PH.

Clinically, PH is classified into 5 main groups: i) group 1: PAH; ii) group 2: PH secondary to left-sided heart disease;
iii) group 3: PH secondary to lung disease and hypoxia; iv) group 4: PH due to PA obstruction; and v) group 5: PH with
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unclear mechanism.13 As such, pre-capillary PH would be characterized by mPAP ≥20 mmHg, PCWP ≤15 mmHg and
PVR ≥3 WU corresponding clinically with groups 1, 3 and 4. Group 2 PH secondary to left-sided heart disease is
distinguished by high PCWP >15mmHg together with elevated mPAP >20 mmHg. Depending on PVR, it can be further
subclassified as isolated post-capillary PH or mixed pre- and post-capillary PH. Isolated post-capillary PH with PVR <3
WU and combined pre- and post-capillary PH with PVR ≥3 WU. Group 5 PH is a miscellaneous group of diseases with
unclear multifactorial mechanisms that leads to PH which can manifest with either hemodynamic change (Table 1).

Burden of Disease and Underlying Etiology
The most common causes of PH during pregnancy are PH associated with CHD and PAH (ie, group 1). In a systematic
review of 13 studies with 272 pregnancies with PH between 2008 and 2018, the common underlying etiologies were PH
associated with CHD (64%), of which 30% had Eisenmenger syndrome, followed by PAH (22%).15 In another single
tertiary center from China including 93 pregnant women with PH associated with CHD, 30 women had Eisenmenger
syndrome, 51 had PH associated with systemic-to-pulmonary shunts, and 13 had PH with repaired CHD.16 In an analysis
of a US administrative database, which included 1519 hospitalized pregnant patients with PH between 2003 and 2012,
the majority (59.6%) had isolated PH, of which 5.8% were idiopathic and 3% associated with Eisenmenger syndrome,
while the remaining (40.3%) had underlying cardiac disease, most commonly valvular heart disease (18.1%) and CHD
(10.7%).8 However, this study was limited by the use of administrative codes which are subject to misclassification and
the absence of PH classification. In developing countries, the epidemiology of PH in pregnant women is unknown due to
lack of registries for pregnant women with PH. The cause of PH in such countries might differ from developed countries
due to the higher prevalence of other conditions that are considered risk factors for PH.17 Unrepaired CHD and
Eisenmenger syndrome account for most cases and contributes significantly to the overall disease burden of PH in
developing countries, as opposed to PAH and valvular heart disease in developed countries.17

Pathophysiology of PH During Pregnancy and Delivery
During pregnancy, pulmonary blood flow increases significantly. However, PAP remains unchanged secondary to
hormonal changes and recruitment of the pulmonary microvasculature which leads to a reduction in PVR.18 These
compensatory mechanisms are compromised in patients with pulmonary vascular disease, which in turn increases the risk
of right ventricular (RV) failure. Furthermore, the increased levels of progesterone and estrogen during pregnancy, both
of which have vasodilatory effects, exacerbate the decrease in systemic vascular resistance (SVR) and result in
a significant drop in diastolic blood pressure.19 Besides the hormonal changes, there are other changes that occur as

Table 1 Clinical and hemodynamic classification of pulmonary hypertension (PH) using the World Health Organization’s 6th
Symposium classification system

WHO
Group

Etiology of PH PVR PCWP

1 PAH Increased Normal

2 PH secondary to left heart disease Isolated post-

capillary

Combined pre- and post-

capillary

Increased

Normal Increased

3 PH secondary to lung disease and hypoxemia Increased Normal

4 Chronic thromboembolic PH (CTEPH) Increased Normal

5 PH with unclear and/or multifactorial

mechanisms

Normal or increased Normal or

increased

Notes: To further classify PH, a cutoff value of PVR ≥ 3 Wood Units and PCWP >15 mmHg is proposed by the WHO.
Abbreviations: PVR, pulmonary vascular resistance; PCWP, pulmonary capillary wedge pressure.
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a result of the mechanical compression on the surrounding organs. For example, the gravid uterus compresses the inferior
vena cava in supine position, reducing venous return.20,21 Accordingly, SVR drops during pregnancy to almost 10–30%
below the pre-pregnancy level between 20–26 weeks.22,23 The reduction in blood pressure further leads to the activation
of the renin-angiotensin-aldosterone system, resulting in salt and water retention and increased plasma volume.24

Collectively, this results in a 20–30% increase in stroke volume.23 Moreover, there is mild dilation and stretching of
all cardiac chambers secondary to the increased plasma volume.25 As such, the LV mass increases slightly; however, the
ratio of wall thickness to ventricular radius remains constant.26 This cardiac remodeling during pregnancy is believed to
be secondary to an increase in myocardial angiogenesis without cardiac fibrosis.

These alterations might not be well tolerated among patients with PH. The normal pulmonary circulation is a low-
pressure high compliance system. In PH, there is a reduction in compliance, leading to inability to adapt to the increased
cardiac output and pulmonary blood flow.28 This results in an increase in RV afterload and end diastolic volume and
ultimately RV dysfunction. The decrease in RV ejection fraction is considered the most important determinant of survival
among patients with PH.29,30 The gradual increase in PAP allows the RV to adapt and leads to RV hypertrophy. However,
the hemodynamic changes during pregnancy occur as early as 6–8 weeks of gestation, which might lead to the rapid
deterioration of the RV function.31 Furthermore, acute hemodynamic changes are common during the delivery process.
The associated stress and exertion during this period result in changes in blood pressure, heart rate, and cardiac output.
During labor, 300–500 mL of blood circulates back from the placenta to the systemic circulation with each
contraction.32,33 After delivery, stroke volume and cardiac output are enhanced due to the autotransfusion from the
uteroplacental and a decrease in aortocaval compression.19 All these changes increase the risk of hemodynamic
compromise and cardiogenic shock (Figure 1). PAH secondary to CHD has a better prognosis than other subtypes
among non-pregnant women. This could be explained by the ability to maintain cardiac output with right to left shunting
at the expense of systemic desaturation .27

During pregnancy, clotting factors, except for factors XI and XIII, are increased up to 50%.34,35 Moreover, fibrin
degradation is halted, and anticoagulant factors including antithrombin III and protein S are reduced.34,35 This

Figure 1 Pulmonary hypertension (PH) during pregnancy can lead to right ventricular stress and failure. PH causes a reduction in pulmonary compliance and an increase in
pulmonary vascular resistance. Normal physiological changes during pregnancy, such as an increase in plasma volume, heart rate (HR), stroke volume, cardiac output,
hypercoagulability, and inferior vena cava (IVC) compression by the uterus, as well as a decrease in blood pressure (BP) and systemic vascular resistance (SVR), are not well
tolerated in patients with PH and can result in right ventricular (RV) failure. This figure was created with BioRender.com.
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hypercoagulable state might predispose pregnant and post-partum women to thromboembolic events. Concurrent venous
thromboembolism and PH are detrimental. PAH associated with CHD and connective tissue diseases has also been linked
with increased risk of pre-eclampsia.5,36,37 Pregnant women with pre-eclampsia might have a mildly elevated RV systolic
pressure, and evidence of RV diastolic dysfunction as well as a reduced strain pattern. In the background of PH, where
the RV function is compromised, PH increases the likelihood of RV failure among women with pre-eclampsia.38

Diagnosis and Risk Stratification
Non-specific symptoms such as fatigue and dyspnea, which might occur with normal pregnancy, are common presenta-
tions among patients with PH and might contribute to the delay in diagnosis. Syncope might also be a manifestation of
low cardiac output. Hepatomegaly, ascites, and ankle edema, which are signs of RV failure, might also be obscured by
pregnancy.39

The World Health Organization (WHO) functional class (Table 2) is a helpful tool in guiding the prognosis of patients
with PH, not only at the time of diagnosis, but also during follow-up. However; this tool has not been validated among
pregnant women.40 A worsening functional class is considered a sign of disease progression.41,42 In pregnant women,
functional classification may aid in risk stratification, as the majority of functional class I and II have favorable outcomes
if well-controlled.4 In one study, the maternal mortality rate was 3.6%, and all deaths occurred in patients with functional
class IV.43 Thus, symptoms and functional status should be monitored monthly in the first and second trimesters and then
weekly during the third trimester.19 This could be further tailored if the woman is at higher risk of decompensation.

Risk assessment tools such as the REVEAL risk score might be used to assess the prognosis. However; these tools
have not been validated in pregnancy.44 Echocardiography is a safe tool during pregnancy for determining and
monitoring the RV ejection fraction .45 In PH, the RV ejection fraction is a surrogate marker of RV function, although
it might be difficult to measure . The tricuspid annular plane systolic excursion assesses the longitudinal component of
RV contraction, and the RV fractional area change assesses both the longitudinal and transversal components.46

Additionally, RV tissue Doppler imaging is a non-invasive tool that allows the measurement of the peak systolic velocity
and the RV myocardial performance index, allowing for the evaluation of RV dysfunction in PH.47 RHC is an invasive
procedure that carries a small risk of radiation to the fetus and is not generally recommended during pregnancy.48 The
role of BNP and NT-proBNP has been investigated in this setting since BNP/NT-proBNP levels are associated with
myocardial dysfunction and could provide prognostic information both at the time of diagnosis and during follow-up.49

Since these assays are not specific to PH, they should be interpreted in the clinical context. Additionally, monitoring lab
tests for end-organ damage such as creatinine and bilirubin levels might be helpful during follow up.50

Counseling
As previously noted, pregnancy is generally not recommended among women with PH due to the considerable mortality.
Women with PH should be counseled on reasonable means of contraception. In women with cardiovascular disease, long-
acting reversible contraceptives, such as intrauterine devices and progestin-only subcutaneous implants, are safe and
effective, and generally carry a low risk of thromboembolism.51 Tubal ligation is a permanent procedure, but does come
with some procedural risks.19 Women who wish to become pregnant are advised to have their condition as reasonably
controlled as possible, with plans for close monitoring at a tertiary care center with a multidisciplinary team. Preconception
counseling on the teratogenicity of some of the medications is also important. Echocardiography, and cardiopulmonary

Table 2 World Health Organization functional class description of patients with pulmonary hypertension

I No limitation of usual physical activity; ordinary physical activity does not cause dyspnea, fatigue, chest pain, or presyncope

II Mild limitation of physical activity; no discomfort at rest; but normal activity causes increased dyspnea, fatigue, chest pain, or presyncope

III Marked limitation of activity; no discomfort at rest but less than normal physical activity causes increased dyspnea, fatigue, chest pain, or
presyncope

IV Unable to perform physical activity at rest; may have signs of RV failure; symptoms increased by almost any physical activity
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exercise stress tests are beneficial in establishing a baseline anatomical and functional status as part of the pre-pregnancy
examination.52 Genetic counseling might be considered for patients with confirmed or suspected hereditary PAH as well as
PAH associated with CHD, since some of these conditions have been linked with genetic disorders.53 Although society
guidelines recommend offering pregnancy termination after shared decision making during the first trimester, some recent
data suggests that maternal mortality among patients with PH is lower than previously observed.19 Maternal mortality is
partly related to the underlying etiology of PH as well as the baseline functional capacity. Early clinical deterioration, severe
RV dysfunction, elevated BNP, and functional class III or IV have been linked with worse outcomes.19 If a woman decides to
proceed with the pregnancy, she needs to be counseled about the potential risks of pregnancy continuation.

Non-Pharmacological and Pharmacological Management
For women who decide to continue with the pregnancy, the overall treatment strategy is to optimize therapy, close
monitoring, avoid teratogenic drugs, and incorporate a multidisciplinary team approach. Treatment is generally tailored to
the individual patient, with an emphasis on preserving euvolemia and preventing systemic hypotension, hypoxemia, and
acidosis.54 Women are advised to lie on their side whenever feasible to minimize obstruction by the inferior vena cava.

Pharmacological therapies are broadly categorized as anticoagulation and specific PH therapies. Anticoagulation
with low molecular weight heparin or unfractionated heparin is recommended for idiopathic and hereditary PAH, as
well as chronic thromboembolic pulmonary hypertension (CTEPH).10 Low-dose aspirin might also be considered to
lower the risk of pre-eclampsia.55 In patients with a positive vasodilator test, long-term treatment with high dose
calcium channel blockers (CCB) is associated with a sustained hemodynamic response and improved survival.56,57

CCBs are generally well-tolerated during pregnancy and are not associated with a teratogenic risk.58 The other
medical therapies focus on targeting one of the following pathways: prostacyclins, endothelin-receptor antagonists,
phosphodiesterase type-5 inhibitors (PDE5i), and guanylate cyclase stimulators. However, only prostacyclins and
PDE5i can be considered during pregnancy since the other two classes are teratogenic.59 Furthermore, women who are
chronically on medications with potential teratogenic effects prior to pregnancy are advised to switch to a different
class. Prostaglandins are indicated for WHO functional class III or IV with reduced RV function because of the
vasodilator effect, which in turn might improve the RV function. Parenteral prostaglandins are recommended for
pregnant women with WHO functional class IV and severe RV dysfunction. While the use of intravenous epoprostenol
in pregnant women has not been investigated, a few case reports have shown that this therapy can be used
successfully.54,60,61 Inhaled iloprost62 and intravenous treprostinil combined with sildenafil could be used in
pregnancy.63 Sildenafil, not tadalafil, has been shown in some case series to be effective in conjunction with
prostaglandins.63,64

Delivery and Post-Partum Care
Ideally, patients would benefit from referral to specialized PH facilities with extracorporeal membrane oxygenation
(ECMO) and transplant capabilities around the time of delivery.65 The timing of delivery should take into consideration
both the maternal risk and fetal health, and planned before the expected delivery.66 Multidisciplinary teams involving
maternal fetal medicine, neonatal intensive care, pulmonology, cardiology, obstetric and cardiac anesthesiologists, critical
care medicine, pharmacy, and the ECMO team are recommended in the delivery planning. In the event of RV dysfunction
and hemodynamic instability at any point, an emergency delivery should be considered. Elective delivery is generally
recommended around 34–36 weeks of pregnancy.67 Cesarean section is considered the preferred mode of delivery.19

However, vaginal delivery is considered safe in some patients with PH associated with CHD .68 Vaginal delivery can also
be considered in patients with functional class I or II who are well controlled. If vaginal delivery is planned, assisted
vaginal delivery could be considered to shorten the delivery time and mitigate the risks of a protracted delivery.33

Valsalva, vasovagal response, and discomfort associated with vaginal birth, might contribute to cardiac decompensation.
There is also a theoretical risk of paradoxical air embolism upon placental exposure during vaginal delivery or iatrogenic
intravenous injections in patients with a patent right-to-left intracardiac shunt.54 If cesarean section is considered,
epidural anesthesia is preferred due to the negative effects of spinal and general anesthesia on myocardial function
and increased PVR .12,19
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During delivery, routine PA monitoring is not generally recommended, but careful monitoring of vital signs, ECG,
and pulse oximetry, preferably in an intensive care setting, is important. Complications during delivery include
arrhythmias, heart failure, pre-eclampsia, eclampsia, preterm delivery, as well as fetal demise, obstetric and postpartum
bleeding. Vasopressors and positive inotropes might be considered in the event of RV failure, although there has been no
data on the appropriate inotrope in this setting. Oxytocin for the prevention of postpartum hemorrhage may precipitate
a pulmonary hypertensive crisis with marked systemic hypotension due to the increased PVR and sudden reduction in
SVR. A slow and low-dose oxytocin intravenous infusion or intrauterine injection is recommended when hemostasis is
necessary, while other agents such as ergometrine or prostaglandins are contraindicated given their vasoconstrictive
effects on the pulmonary vasculature.69

The first 24–36 hours of the post-partum period is a critical time, carrying the highest risk of maternal morbidity
and mortality.5 Anticoagulation is usually preferred during the first postpartum week in PH patients, especially if they
are confined to bed and non-ambulant. Those already on anticoagulation should resume therapy once hemostasis is
achieved.70,71 If appropriate, medications with potential teratogenic effects such as endothelin-receptor antagonists
may be re-introduced promptly after delivery. Breastfeeding is encouraged in the postpartum period. Breastfeeding
while on sildenafil, treprostinil and bosentan has been anecdotally reported, however; strong safety data are lacking.72

Patients might benefit from follow up with PH specialists following hospital discharge.73

Knowledge Gaps and Future Directions
The true prevalence of pregnant PH patients remains unknown, and further epidemiological studies are needed to better
understand the prevalence and mortality related to pregnancy in PH. It is important to encourage centers from developing
countries to contribute to such registries to better understand the underlying causes and outcomes in these countries
to develop better management strategies. Given the recent advances in PH therapies, future research should focus on risk
stratifying women with PH in order to better identify the subgroup of women with PH who can safely endure pregnancy.
PH treatment has evolved in recent years with the introduction of newer agents, however; the safety of these medications
during pregnancy and breastfeeding should be further investigated. Future studies are also encouraged to evaluate the
safety and effectiveness of some of the novel therapeutic drugs that target PA remodeling, such as inflammatory
pathways, endothelial cell development and death, and platelet-derived growth factor signaling.74

Summary
PH is an uncommon yet potentially fatal disease in pregnant women. Screening and early identification of PH among
pregnant women is crucial due to the non-specific nature of the symptoms. Advancements in non-invasive imaging
modalities such as echocardiography are helpful in the early diagnosis of PH among pregnant women. Society guidelines
advise against pregnancy and recommend considering termination if a PH woman becomes pregnant. A multidisciplinary
decision-making approach regarding the optimal treatment options and alternatives to teratogenic medications should be
considered if the women decides to continue with the pregnancy.
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