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Pulmonary arterial hypertension (PAH) is a rare and devastating disease characterized by
progressive increases in pulmonary arterial pressure and pulmonary vascular resistance
which eventually leads to right ventricular failure and death. PAH inflicts most commonly
women, majority of who are of childbearing age. Pregnancy in the setting of PAH is abso-
lutely contraindicated due to high maternal fetal morbidity and guidelines do not exist for
the management of such cases. A MEDLINE/PubMed search was performed identifying all
relevant articles with ‘‘pulmonary arterial hypertension’’ and ‘‘pregnancy’’ in the title. Six
case series were reviewed as well as our own center’s experience outlined. Though there
exists generalized treatment measures that are followed in such cases, management varies
among different national centers as well an on an international level. At our center patients
are managed using a multidisciplinary approach at a high risk obstetric center with pref-
erence for intravenous prostacyclin therapy. Women of child bearing age with possible
signs and symptoms of PAH must be promptly diagnosed and managed expectantly with
an emphasis on maternal–fetal safety.

� 2015 International Society for the Study of Hypertension in Pregnancy. Published by
Elsevier B.V. All rights reserved.
Introduction

Pulmonary arterial hypertension (PAH) is a rare and
devastating disease characterized by progressive increases
in pulmonary arterial pressure and pulmonary vascular
resistance which eventually leads to right ventricular fail-
ure and death [1]. It may be idiopathic in nature or associ-
ated with connective tissue diseases, congenital heart
disease, portal hypertension, HIV or drug induced [2].
PAH affects mostly women, the majority of whom are of
childbearing age [3]. Due to the high maternal fetal mor-
bidity and mortality of pregnancy in PAH, the only guide-
line that exists is that it is absolutely contraindicated and
has early termination [4].

Pregnancy in women with pulmonary vasculopathies is
rare with an incidence estimated at 1.1 per 100,000 preg-
nancies [5]. There are a number of physiological changes
that occur during pregnancy within the pulmonary and
cardiovascular systems [6] that create an increased syner-
gistic stress, further aggravating PAH, which may lead to
maternal and fetal demise. However, with advances in
diagnostic modalities and a greater understanding of this
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disease, an increasing number of women are electing to
continue with pregnancy. The aim of this article is to
review PAH in pregnancy and discuss cases of pregnancy
with PAH that we have handled at our center.
Methods and materials

A search was conducted of the National Library of Med-
icine’s MEDLINE/PubMed with the objective of identifying
all articles published in English language between January
1979 and May 2014 with ‘‘pregnancy’’ and ‘‘pulmonary
hypertension’’ in the title. Combinations of medical subject
heading terms including ‘‘pulmonary arterial hyperten-
sion,’’ ‘‘pregnancy’’ and ‘‘management of pulmonary hyper-
tension in pregnancy’’ were used. We mainly selected
recent publications, but did not exclude any older works
that were widely referenced. We also searched the refer-
ence lists of all articles identified by this search strategy
and selected those we judged to be relevant. All pertinent
reports were retrieved and the relative reference lists were
systematically searched in order to identify any potential
additional studies that could be included. All data were
accessed between January and May 2014.
Pulmonary arterial hypertension and pregnancy

Two systematic reviews of the literature described the
outcomes of pregnancies in women with PAH in the setting
of Eisenmenger’s syndrome to have a maternal mortality at
rates of 36% and 28% respectively [7,8].
Table 1
World health organization’s classification of pulmonary hypertension [2].

Group I – Pulmonary arterial hypertension (PAH)
Idiopathic PAH
Heritable PAH (BMPR2, ALK1, ENG, SMAD9, CAV1, KCNK3, unknown)
Drug and toxin induced
Associated with (i) Connective tissue disease, (ii) HIV infection, (iii) Portal
Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiom
Persistent pulmonary hypertension of the newborn

Group II – Pulmonary hypertension due to left heart disease
Left ventricular systolic dysfunction
Left ventricular diastolic dysfunction
Valvular disease

Group III – Pulmonary hypertension due to lung diseases and/or hypoxia
Chronic obstructive pulmonary disease
Interstitial lung disease
Other pulmonary diseases with mixed restrictive and obstructive patterns
Sleep-disordered breathing
Alveolar hypoventilation disorders
Chronic exposure to high altitudes
Developmental lung disease

Group IV – Chronic thromboembolic pulmonary hypertension (CTEPH)

Group V – Pulmonary hypertension with unclear multifactorial mechanisms
Hematologic disorders: chronic hemolytic anemia, myeloproliferative disor
Systemic disorders: sarcoidosis, pulmonary histiocytosis, lymphangioleiom
Metabolic disorders: glycogen storage disease, Gaucher’s disease, hypothyr
Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure, s

5th World Symposium on Pulmonary Hypertension, Nice, France 2013.
BMPR: Bone morphogenic protein receptor type II; CAV1: Caveolin-1; ENG: End
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Pulmonary hypertension is defined hemodynamically
as a mean pulmonary artery pressure (mPAP) greater than
or equal 25 mmHg. Pulmonary arterial hypertension (PAH)
has the added criteria of a pulmonary capillary wedge
pressure (PCWP) less than or equal to 15 mmHg which
must be confirmed by right heart catheterization (RHC)
[9]. The World Health Organization (WHO) has proposed
a classification system for pulmonary hypertension based
on common clinical features (Table 1) [2].

The physiologic changes of pregnancy that are normally
well tolerated in healthy individuals, in the setting of PAH,
may further increase cardiopulmonary stress and expedite
right sided heart failure. Pulmonary changes are both of
the anatomical and functional nature (Table 2) [6] and car-
diovascular changes are a physiologic response to improve
oxygenation and nutritional flow to the fetus (Table 3) [6].
Under normal circumstances, during pregnancy there is an
increase in cardiac output, blood volume and oxygen con-
sumption with reductions in systemic vascular resistance
[10]. These changes begin early in pregnancy, reach their
peak during the second trimester, and then remain rela-
tively constant until delivery. The pulmonary arterial sys-
tolic, diastolic and mean pressure remains unchanged
during normal gestation despite the increase in cardiac
output indicating a decline in pulmonary vascular resis-
tance. This expected decrease in systemic vascular resis-
tance in pregnancy could augment any present right to
left shunt and exacerbate the cyanosis [11] in patients with
the Eisenmenger’s syndrome. Hemodynamics are also
altered substantially during labor and delivery secondary
to pain, anxiety, elevated catecholamine levels and uterine
contractions. Oxygen consumption increases three folds
hypertension, (iv) Congenital heart disease, (v) Schistosomiasis
atosis

ders, splenectomy
yomatosis
oidism
egmental pulmonary hypertension

oglin; HIV: Human Immunodeficiency Virus.
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Table 2
Pulmonary changes in pregnancy.

Increased Decreased

Vital capacity (VC) Residual volume (RV)
Oxygen requirement Total lung capacity (TLC)
Oxygen pressure End respiratory volume (ERV)
Inspiratory capacity Carbon dioxide pressure
Minute volume PCO2

Tidal volume (TV)
Oxygen pressure (PO2)

Table 3
Cardiovascular changes in pregnancy.

Increased Decreased

Cardiac output (CO) Systemic vascular resistance
(SVR)

Stroke volume (SV) Pulmonary vascular resistance
(PVR)

Heart rate (HR) End respiratory volume (ERV)
Mean arterial pressure (MAP)
Left ventricular stroke work

index
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and the cardiac output rises progressively during labor
owing to an increase in both stroke volume and heart rate
[12]. A temporary increase in venous return may occur
immediately following delivery due to relief of inferior
vena cava pressure which at times results in a substantial
rise in ventricular filling pressures, stroke volume and car-
diac output which may result in clinical deterioration and
hemodynamic compromise leading to mortality. Hemody-
namic adaptations to pregnancy persist post partum and
gradually return to pre-pregnancy level within 12–
24 weeks after delivery. These physiologic events place a
great demand on the cardiovascular system, with the
greatest incidence of mortality occurring during the first
several postoperative days. Although the exact cause of
death in patients with primary pulmonary hypertension
is not clear, right ventricular ischemia and failure, cardiac
arrhythmia and pulmonary embolism are likely mecha-
nisms. Identification of the hemodynamic changes has
led to the use of anticoagulants, oxygen, and vasodilators
in the management of these patients.
Cases

Over the years we have successfully managed cases at
our institution. No committee guidelines exist regarding
the treatment of pregnancy in the PAH. Individual centers
may have their own management algorithm, however we
have outlined here the diagnosis and management of our
center’s cases (Table 4).

Case 1

A 32 year old G2P2 African American female presented
during her 2nd trimester at 21 weeks gestation with a
complaint of slight exertional dyspnea and dizziness. Her
echocardiography showed an estimated RVSP of 45 mmHg.
Please cite this article in press as: Sahni S et al. Pregnancy and pulmonar
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Patient refused any treatment until after delivery. She
delivered a healthy baby via elective Cesarian section at
35 weeks gestation under epidural anesthesia. Patient
underwent RHC two days post delivery which revealed
mPAP of 49 mmHg. Postpartum she was initiated on oral
anticoagulation, sildenafil and intravenous epoprostenol.
Patient was followed at 3 month intervals and progressed
to right heart failure and she eventually underwent lung
transplant and is currently stable.

Case 2

A 39 year old G2P1 female presented to the emergency
room with a complaint of dyspnea on exertion. She
reported no past medical history except a 20 pack year his-
tory of smoking which she quit prior to her 1st pregnancy
4 years earlier. A transthoracic echocardiogram showed an
estimated RVSP of 62 mmHg consistent with moderate to
severe pulmonary hypertension. A RHC confirmed the
diagnosis of PAH revealing a mPAP of 57 mmHg. The
patient was hospitalized and initiated on intravenous epo-
prostenol and heparin anticoagulation. Patient was fol-
lowed until delivery and maintained on intravenous
epoprostenol. The patient successfully delivered a healthy
baby via elective Cesarian section at 34 weeks gestation.
She was followed post delivery and was continued on
intravenous epoprostenol therapy. She was started on bos-
entan and inhaled iloprost and eventually weaned off of IV
prostacyclin.

Case 3

A 44 year old G2P0 Cambodian female with a past med-
ical history of uncorrected atrial septal defect (ASD) pre-
sented during her eighth month of pregnancy with
shortness of breath. An echocardiography by primary care
physician showed an estimated RVSP of 110 mmHg. RHC
revealed a mPAP of 68 mmHg and intravenous epoprost-
enol was initiated. Within the high risk pregnancy unit
elective Cesarian section was performed at 34 weeks gesta-
tion and patient delivered a healthy baby. Postpartum she
was monitored closely and remained stable with no com-
plications. She was started on bosentan, warfarin and con-
tinuous oxygen in addition to epoprostenol. Repeat RHC
one year after delivery showed an mPAP of 56 mmHg
and a PCWP of 13. She remains stable without complaints
and has transitioned to inhaled prostacyclin and bosentan.
3 years post partum she remains well.

Case 4

A 23 year old Hispanic female G2P0 presented to our
clinic with a history of uncorrected ventricular septal
defect (VSD), Eisenmenger’s syndrome and established his-
tory of PAH. She had a past medical history of spontaneous
abortion at 12 weeks gestation. When pregnancy was con-
firmed the patient was on bosentan. She was transitioned
to intravenous epoprostenol for worsening PAH. She was
admitted to the hospital during her 2nd trimester, initiated
on heparin and followed by the high risk pregnancy unit.
She remained on intravenous epoprostenol and delivered
y arterial hypertension: A clinical conundrum. Preg Hyper: An Int J
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Table 4
Summary of cases presented.

Case Age/parity Estimated (ECHO) RHC measurement (mPAP/ PCWP) (RHC) Anticoagulation Therapy during pregnancy

1 32 45 mmHg 49/23 mmHg Warfarin (post partum) Nil (patient request)
G2P2

2 39 62 mmHg 57/16 mmHg Heparin IV epoprostenol
G2P1

3 44 110 mmHg 68/27 mmHg Heparin IV epoprostenol
G2P0

4 23 102 mmHg 74/17 mmHg Heparin IV epoprostenol
G2P0
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a baby via elective Cesarean section. Postpartum bosentan
was reinitiated as well as warfarin. She was referred for
lung transplant evaluation and transitioned to inhaled
iloprost. She remains well 10 years post partum.
Symptoms and clinical presentation

Pulmonary arterial hypertension in an indolent condi-
tion at first and its diagnosis is often overlooked. Initial
symptoms such as dyspnea on exertion, fatigue, dizzi-
ness/lightheadedness and peripheral edema may all be dis-
regarded as physiological especially in the setting of
pregnancy. However as this disease progresses pulmonary
vascular resistance increases in the setting of decreased
cardiac output, which is further exacerbated by the
changes of pregnancy. Symptomatic deterioration usually
occurs during the second trimester and is manifested by
fatigue, exertional dyspnea, chest pain, palpitations, and
hemoptysis and leg edema.

Echocardiography is the most useful imaging modality
for screening for pulmonary hypertension [13] and exclud-
ing underlying cardiac disease. The gold standard for diag-
nosis for PAH is a RHC and must be eventually performed
[8]. In pregnant patients with suspected pulmonary hyper-
tension echocardiography may significantly overestimate
pulmonary artery pressures compared with catheteriza-
tion. Patients with structural cardiac defects appear to
have a significantly greater difference in pulmonary artery
pressures. Thirty-two percent of pregnant patients in one
study with normal pulmonary artery pressures were mis-
classified as having PH when measured by echocardiogra-
phy alone [14]. Though some clinicians may feel RHC is
over-invasive, we believe that it is absolutely essential to
guide therapy.
Management of PAH in pregnancy

With advancements in diagnostic and treatment modal-
ities a greater number of women of childbearing age are
being found to have PAH. Though our therapeutic algo-
rithm may be specific to our center a generalized consen-
sus of care that we follow has been presented (Table 5).
All PAH patients of child bearing age should be advised
against pregnancy and be initiated on some form of birth
control. In the case of 1st trimester pregnancy early termi-
nation is recommended [10].

For those patients with PAH who become pregnant and
do not wish to terminate, must be referred to a high risk
Please cite this article in press as: Sahni S et al. Pregnancy and pulmonar
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pregnancy facility where a multidisciplinary approach
may be taken to manage PAH during parturition. The treat-
ment of PAH in pregnancy is complex and an increased
maternal–fetal survival has been attributed to a multidisci-
plinary approach taken by obstetricians, anesthesiologists,
cardiologists, intensivists and pulmonary hypertension
specialists. An early case series reported a 50% mortality
rate associated with pregnancy and PAH [15]. A more
recent account noted a 30% mortality rate and partly
attributed the decline rate to earlier recognition, better
understanding of the pathophysiology of pulmonary
hypertension, along with improvements in medical ther-
apy and critical-care obstetrics [8]. In patients with
Eisenmenger’s syndrome premature delivery occurs in at
least 50% of cases, and only 15–25% of pregnancies pro-
gress to term [16]. Spontaneous abortion is common and
there is appreciable neonatal mortality associated with
prematurity. In addition a number of cases are reported
in which the symptoms first developed during pregnancy
or in the post partum period [17]. To date there has been
no standardized treatment consensus established for man-
agement of pregnancy in the setting of PAH. However suc-
cessful outcomes are dependent on an individualized
approach and multidisciplinary team collaboration.

For the patients who choose to continue with preg-
nancy hospitalization at 20 weeks close monitoring is
advisable. Certain basic principles can be applied to all
PAH cases, and these include avoiding high altitude travel,
tobacco exposure. Women should also limit physical activ-
ity and avoid the supine position, especially late in the
pregnancy. Arterial blood gas analysis should be performed
to exclude hypoxemia and acidosis as contributors to pul-
monary hypertension. Obstructive sleep apnea should be
ruled out and aggressively treated. A low-salt diet and
judicious use of diuretics can be helpful in reducing vol-
ume overload in patients with pulmonary hypertension
and right ventricular failure. As the right heart is depen-
dent on preload, care should be taken to avoid excessive
diuresis and further reduction of cardiac output. Excessive
use of diuretics may also enhance the risk for thrombotic
events in patients with Eisenmenger’s syndrome. Inotropic
therapy with cardiac glycosides may be considered in the
presence of excessive tachycardia [18]. Patients should also
be anticoagulated due to the increased incidence of
thromboembolism during pregnancy. Such therapy is
recommended with heparin (Pregnancy category C – FDA
safety information – Heparin) throughout gestation or at
least during the third trimester and early postpartum
period [10].
y arterial hypertension: A clinical conundrum. Preg Hyper: An Int J
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Table 5
Summary of management options.

Pre-pregnancy
� Obstetrician and pulmonary hypertension specialist collaboration
� Discussion of maternal/fetal risks
� Discussion of effective/safe contraception
� Obtain update on clinical status
� Optimize medical management
� Vasodilator therapy
� Digoxin and diuretics for right ventricular dysfunction
� Prevention and treatment of respiratory infection
� Smoking cessation
� Treat obstructive sleep apnea
� Advise against pregnancy

Prenatal
� Reassess functional class of PAH
� Termination is an option
� Joint management with cardiologist
� Optimize medical management
� Avoid/minimize aggravating factors
� Anticoagulation (stop warfarin and change to heparin)
� Fetal surveillance:

o Growth and umbilical artery doppler
o Detailed fetal cardiac ultrasonography if maternal congenital heart disease

Labor/delivery
� Elective induction may be necessary
� Avoid mental and physical stress
� Labor in left lateral or upright position
� Monitor electrocardiogram
� Administer extra oxygen
� Consider vasodilator therapy with prostacyclin analogs, PDE-5/Nitric oxide
� Full resuscitation facilities available
� Continuous fetal heart rate monitoring

Postnatal
� Vigilance for right heart failure
� Avoid fluid overload
� Continued high-dependency care
� Discuss effective/safe contraception
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Therapeutic goal is centered on optimization of right
ventricular preload and systolic function, reduction in pul-
monary vascular resistance and maintenance of aortic root
pressure to allow sufficient right coronary artery filling of
the right ventricle [19].
Pharmacological management

In pulmonary arterial hypertension (PAH), the pulmon-
ary vasculature is the exclusive target of disease. The path-
ologic vasoconstriction associated with PAH is a prominent
feature leading to the rationale for using pulmonary vaso-
dilator therapies with the focus of therapy centered on
vasodilation of the pulmonary arteries and now options
are many (Table 6).

Calcium channel blockers

In patients who show evidence of an acute hemody-
namic response during RHC, long-term treatment with
calcium channel blockers, administered orally in high dos-
ages, can produce a sustained hemodynamic response and
increase survival [20]. In the setting of pregnancy it is rec-
ommended that this trial be performed initially when the
patient is diagnosed much before a scenario of pregnancy
is faced though successful use of calcium channel blockers
Please cite this article in press as: Sahni S et al. Pregnancy and pulmonar
Women’s Card Health (2015), http://dx.doi.org/10.1016/j.preghy.2015.0
in pregnancy has been reported [21]. The use of calcium
channel during the first trimester of pregnancy seems not
to represent a major teratogenic risk [22].
Prostacyclin pathway

Released by the platelets, prostacyclin I2 (PGI2) is a
potent pulmonary vasodilator, exerting its effects via aden-
ylate cyclase. Epoprostenol is a PGI2 derivative which has
been shown to improve exercise capacity, quality of life,
hemodynamics and long-term survival in PAH patients
[23]. Since its advent there have been many cases in which
this is the drug used in the setting of pregnancy [24–27]. At
our center patients are weaned off of commonly prescribed
phosphodiesterase-5 (PDE-5) inhibitors and endothelin
receptor antagonists (ERAs) upon discovery of pregnancy
and intravenous epoprostenol is initiated as the drug of
choice.

Theoretically there is a concern with epoprostenol use
in pregnancy because of concern over uterine blood flow.
However several reports [28] have described the use of
intravenous epoprostenol therapy during parturition and
postpartum with good outcomes [29] both in PAH and in
patients with Eisenmenger’s syndrome [30]. As per packet
insert epoprostenol has been rated a pregnancy category B
and has shown minimal teratogenicity in the animal
y arterial hypertension: A clinical conundrum. Preg Hyper: An Int J
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model. In the setting of PAH in pregnancy, as is obvious
from our cases, intravenous epoprostenol is our center’s
drugs of choice.

Treprostinil is a prostacyclin analog that has also been
successful in treating PAH by improving exercise capacity,
functional class, hemodynamics and quality of life [31].
Reports of treprostinil use in the setting of pregnancy are
sparse. As per packet insert treprostinil has been rated
pregnancy category B and have shown variable toxicity in
the animal model but no human evidence exists. More
recently an oral form of treprostinil has been approved as
a first line therapy for patients exhibiting functional class
II or II symptoms [32]. There have been no studies or obser-
vation of this formulation used in the pregnancy popula-
tion and thus should be avoided.

Inhaled iloprost has also been shown to induce vasodi-
latation lasting up to 60–120 min and has been shown to
improve the dyspnea scores and hemodynamic variables
but the major limitation was the repetitive inhalation
6–9 times daily [33]. Use in pregnancy has been demon-
strated to be effective with minimal risk to fetal outcome
[25,34–36]. As per packet insert iloprost has been rated a
pregnancy category C and has shown shortening of tho-
racic digits as well as an increase in overall rate of fetal
demise in the animal population. No evidence of human
studies exists but risk cannot be ruled out.

Endothelin pathway

Endothelin1 (ET-1) is a potent vasoconstrictor and
increased levels of ET-1 in vascular endothelial cells and
in plasma has been demonstrated in patients with PAH
which serves as the rationale for the ERAs. Bosentan was
the first ERA approved by the Food and Drug Administra-
tion (FDA) for the management of PAH for use in patients
with PAH associated with FC II–IV symptoms. [37,38].

Ambrisentan is a highly selective ET-A antagonist with
a long half-life to allow once daily dosing. Data from two
studies have shown that ambrisentan taken over 12 weeks
significantly improved 6MWD in PAH patients. Associated
extension study data also confirmed that continuation of
treatment for two years was associated with sustained
improvements in exercise capacity and a reduced risk of
clinical worsening and death [39].
Table 6
Summary of currently available treatments for pulmonary arterial hypertension.

Drug class Drug names

Phosphodiesterase Type-5 inhibitor Sildenafil
Tadalafil

Endothelin receptor antagonists Bosentan
Ambrisentan
Macitentan

Prostacyclin analogs Epoprostenol
Iloprost
Iloprost
Treprostinil
Treprostinil
Treprostinil

sGC stimulator Riociguat

Please cite this article in press as: Sahni S et al. Pregnancy and pulmonar
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Macitentan is the newest FDA approved tissue-target-
ing ERA that has been shown to significantly decrease the
risk of a morbidity and mortality event over the treatment
period, and improved 6MWD and NYHA FC [40].

The use of ERAs in the setting of pregnancy is contrain-
dicated due to the known teratogenicity of this class of
drugs. As with all ERAs, bosentan ambrisentan and macit-
entan, a black box warning has been issued high lighting
embryo-fetal toxicity. ERAs may cause fetal harm when
administered to a pregnant woman. These drugs are con-
traindicated in females who are pregnant. They have con-
sistently shown to have teratogenic effects when
administered to animals. If a patient that is on ERA therapy
is discovered to be pregnant therapy must be discontinued
immediately.

Nitric oxide pathway

At the level of the endothelium nitric oxide indirectly
acts as a potent vasodilator by upregulating the production
of cyclic guanosine monophosphate (cGMP). Phosphodies-
terase type 5 (PDE-5) is an enzyme that degrades cGMP
leading to vasoconstriction. Sildenafil, the first PDE-5
approved for PAH is indicated for patients with FC II-III
symptoms. Patients that are on this medication have
shown improvement in symptoms, 6MWD as well s FC
[41]. The use of sildenafil in pregnancy is well documented
and is still the drug of choice in developing countries
[42,43]. Tadalafil is not often used in pregnancy and in gen-
eral due to its relative short half-life compared to sildena-
fil. The use of tadalafil in pregnancy may be considered if
no other options exist. As per packet insert sildenafil and
tadalafil have been rated pregnancy category B and have
shown variable toxicity in the animal model. If the benefits
outweigh the risks they may be used in the setting of
pregnancy.

Guanylate cyclase stimulator (sGC)

Riociguat, recently approved by the FDA is a stimulator
of soluble guanylate cyclase (sGC) and works to increase
levels of cGMP which results in vasodilation [44]. As per
package insert riociguat may cause fetal harm when
administered to a pregnant woman and has been rated
Route Pregnancy category

Oral B
Oral B

Oral X
Oral X
Oral X

IV B
IV C
Inhaled C
IV B
Subq B
Inhaled B

Oral X

y arterial hypertension: A clinical conundrum. Preg Hyper: An Int J
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pregnancy category X. It is contraindicated in females who
are pregnant as it was consistently shown to have terato-
genic effects when administered to animals. If this drug
is used during pregnancy, or if the patient becomes preg-
nant while taking this drug, the patient should be informed
of the potential hazard to the fetus.
Mode of delivery/intrapartum care

An important component in the successful delivery of
PAH patients involves a multidisciplinary team approach
with an obstetrician, pulmonary hypertension specialist,
anesthesiologist, and experienced supporting staff. The
mode of delivery in patients with pregnancy and PAH is
still deliberated as there is evidence of both vaginal deliv-
eries [45] and Cesarian section [46] deliveries as the pre-
ferred route of delivery. Although vaginal delivery is
associated with a decreased shift of fluids, risk of hemor-
rhage, thromboembolism and infection it can be associated
with a prolonged second stage of labor. During partus, uti-
lization of the Valsalva maneuver both increases heart rate
and vascular resistances. This in itself may further compli-
cate delivery and increase the right heart strain resulting in
emergency Cesarian section and possible maternal demise.
Uterine contractions, especially associated with forceps
delivery, may also have adverse effects on pulmonary sys-
temic circulation. Placement of a pulmonary artery cathe-
ter in preparation for labor and delivery may be helpful
in assessing hemodynamic status, facilitate fluid adminis-
tration during labor and may also help monitor vasodilator
therapy [47]. Oxygen should be provided during labor to
prevent hypoxemia and efforts made to prevent or imme-
diately correct blood loss. Postpartum patients should con-
tinue to be monitored hemodynamically for 24–48 h to
prevent potential deterioration due to postpartum increase
in venous return to the heart.

Delivery via Cesarian section has the advantage of being
scheduled and performed at a suitable time with a multi-
disciplinary staff on hand. In addition elective Cesarian
section deliveries allow urgent deliveries in maternal
hemodynamic instability and fetal distress. Several factors
have been implicated as potential risk factors for maternal
death, including mode of delivery, type and technique of
anesthesia, and manner of maternal monitoring. All of
our patients were delivered via elective Cesarian section.
Planned delivery is preferred to allow for presence and
coordination of all services involved in the patient’s care.
Epidural anesthesia provides excellent analgesia with min-
imal hemodynamic changes [48].
Conclusions

Pregnancy in the setting of PAH has become more com-
monplace as our diagnostics and medical therapies have
advanced and it is known that many patients with PAH
are of child-bearing age. Pregnancy in PAH presents a clin-
ical conundrum and recent data indicate that the outcome
of pregnancy in PAH has improved. Post-partum complica-
tions still remain an issue however with adequate pharma-
cological therapy and a multidisciplinary approach
Please cite this article in press as: Sahni S et al. Pregnancy and pulmonar
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maternal fetal outcome may be positive. Based on our clin-
ical observation initiation of intravenous epoprostenol
upon diagnosis of PAH and delivery via elective Cesarian
section produced favorable outcomes. As physicians
become more aware of PAH, correct and early diagnosis
in a child-bearing age in populations is imperative. Multi-
disciplinary centers must recognize the dangers involved
to mother and fetus in the setting of PAH. An institutional
algorithm must be followed and patients must be managed
expectantly on a case by case basis until a community wide
consensus is reached.
Ethics statement

The work described has been conducted in accordance
with The Code of Ethics of the World Medical Association.
Financial disclosure

The authors have no support or funding to report.
Conflict of interest

The authors have declared that no competing interests
exist.

References

[1] Farber HW, Loscalzo J. Pulmonary arterial hypertension. N Engl J
Med 2004;351(16):1655–65.

[2] Simonneau G, Gatzoulis MA, Adatia I. Updated clinical classification
of pulmonary hypertension. J Am Coll Cardiol 2013;62(Suppl.
25):D34–41.

[3] McGoon MD, Miller DP. REVEAL: a contemporary US pulmonary
arterial hypertension registry. Eur Respir Rev 2012;21(123):8–18.

[4] Badesch DB, Abman SH, Ahearn GS. Medical therapy for pulmonary
arterial hypertension: ACCP evidence-based clinical practice
guidelines. Chest 2004;126(Suppl. 1):35S–62S.

[5] Knight M, Kurinczuk JJ, Spark P, et al. United Kingdom obstetric
surveillance system (UKOSS) annual report 2007. Oxford: National
Perinatal Epidemiology Unit; 2007.

[6] Beckmann CRB, Ling FW, Smith RP, Barzansky BM, Herbet WNP.
Maternal–fetal physiology. In: Obstetrics and gynecology. 2nd
ed. Philadelphia: Lippincott Williams and Wilkins; 2006. p. 51–62.

[7] Bédard E, Dimopoulos K, Gatzoulis MA. Has there been any progress
made on pregnancy outcomes among women with pulmonary
arterial hypertension? Eur Heart J 2009;30(3):256–65.

[8] Weiss BM, Zemp L, Seifert B. Outcome of pulmonary vascular disease
in pregnancy: a systematic overview from 1978 through 1996. J Am
Coll Cardiol 1998;31(7):1650–7.

[9] Badesch DB, Champion HC, Sanchez MA. Diagnosis and assessment
of pulmonary arterial hypertension. J Am Coll Cardiol 2009;54(Suppl.
1):S55–66.

[10] Weiss BM, Hess OM. Pulmonary vascular disease and pregnancy:
current controversies, management strategies, and perspectives. Eur
Heart J 2000;21(2):104–15.

[11] Vongpatanasin 1 W, Brickner ME, Hillis LD, et al. The Eisenmenger
syndrome in adults. Ann Intern Med 1998;128(9):745–55.

[12] Robson SC, Dunlop W, Boys RJ. Cardiac output during labour. Br Med
J (Clin Res Ed) 1987;295(6607):1169–72.

[13] Schiller NB. Pulmonary artery pressure estimation by doppler and
two-dimensional echocardiography. Cardiol Clin 1990;8(2):277–87.

[14] Penning S, Robinson KD, Major CA. A comparison of
echocardiography and pulmonary artery catheterization for
evaluation of pulmonary artery pressures in pregnant patients
with suspected pulmonary hypertension. Am J Obstet Gynecol
2001;184(7):1568–70.

[15] McCaffrey RM, Dunn LJ. Primary pulmonary hypertension in
pregnancy. Obstet Gynecol Surv 1964;19:567–91.
y arterial hypertension: A clinical conundrum. Preg Hyper: An Int J
1.004

http://refhub.elsevier.com/S2210-7789(15)00011-2/h0005
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0005
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0010
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0010
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0010
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0015
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0015
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0020
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0020
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0020
http://refhub.elsevier.com/S2210-7789(15)00011-2/h9005
http://refhub.elsevier.com/S2210-7789(15)00011-2/h9005
http://refhub.elsevier.com/S2210-7789(15)00011-2/h9005
http://refhub.elsevier.com/S2210-7789(15)00011-2/h9000
http://refhub.elsevier.com/S2210-7789(15)00011-2/h9000
http://refhub.elsevier.com/S2210-7789(15)00011-2/h9000
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0035
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0035
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0035
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0040
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0040
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0040
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0045
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0045
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0045
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0050
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0050
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0050
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0055
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0055
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0060
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0060
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0065
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0065
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0070
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0070
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0070
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0070
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0070
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0075
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0075
http://dx.doi.org/10.1016/j.preghy.2015.01.004


8 S. Sahni et al. / Pregnancy Hypertension: An International Journal of Women’s Cardiovascular Health xxx (2015) xxx–xxx
[16] Yentis SM, Steer PJ, Plaat F. Eisenmenger’s syndrome in pregnancy:
maternal and fetal mortality in the 1990s. Br J Obstet Gynaecol
1998;105(8):921–2.

[17] Dawkins KD, Burke CM, Billingham ME. Primary pulmonary
hypertension and pregnancy. Chest 1986;89(3):383–8.

[18] Rich S, Seidlitz M, Dodin E. The short-term effects of digoxin in
patients with right ventricular dysfunction from pulmonary
hypertension. Chest 1998;114(3):787–92.

[19] Price LC, Wort SJ, Finney SJ. Pulmonary vascular and right ventricular
dysfunction in adult critical care: current and emerging options for
management: a systematic literature review. Crit Care
2010;14(5):R169.

[20] Malhotra R, Hess D, Lewis GD. Vasoreactivity to inhaled nitric oxide
with oxygen predicts long-term survival in pulmonary arterial
hypertension. Pulm Circ 2011;1(2):250–8.

[21] Slomka F, Salmeron S, Zetlaoui P. Primary pulmonary hypertension
and pregnancy: anesthetic management for delivery. Anesthesiology
1988;69(6):959–61.

[22] Weber-Schoendorfer C, Hannemann D, Meister R. The safety of
calcium channel blockers during pregnancy: a prospective,
multicenter, observational study. Reprod Toxicol 2008;26(1):24–30.

[23] McLaughlin VV, Shillington A, Rich S. Survival in primary pulmonary
hypertension: the impact of epoprostenol therapy. Circulation
2002;106(12):1477–82.

[24] Badalian SS, Silverman RK, Aubry RH. Twin pregnancy in a
woman on long-term epoprostenol therapy for primary
pulmonary hypertension. A case report. J Reprod Med 2000;45(2):
149–52.

[25] Monnery L, Nanson J, Charlton G. Primary pulmonary hypertension
in pregnancy; a role for novel vasodilators. Br J Anaesth
2001;87(2):295–8.

[26] O’Hare 1 R, McLoughlin C, Milligan K, et al. Anaesthesia for caesarean
section in the presence of severe primary pulmonary hypertension.
Br J Anaesth 1998;81(5):790–2.

[27] Stewart R, Tuazon D, Olson G. Pregnancy and primary pulmonary
hypertension : successful outcome with epoprostenol therapy. Chest
2001;119(3):973–5.

[28] Easterling 1 TR, Ralph DD, Schmucker BC. Pulmonary hypertension
in pregnancy: treatment with pulmonary vasodilators. Obstet
Gynecol 1999;93(4):494–8.

[29] Nootens M, Rich S. Successful management of labor and
delivery in primary pulmonary hypertension. Am J Cardiol
1993;71(12):1124–5.

[30] Geohas C, McLaughlin VV. Successful management of pregnancy in a
patient with Eisenmenger syndrome with epoprostenol. Chest
2003;124(3):1170–3.

[31] Simonneau G, Barst RJ, Galie N. Continuous subcutaneous infusion of
treprostinil, a prostacyclin analogue, in patients with pulmonary
arterial hypertension: a double-blind, randomized, placebo-
controlled trial. Am J Respir Crit Care Med 2002;165(6):800–4.
Please cite this article in press as: Sahni S et al. Pregnancy and pulmonar
Women’s Card Health (2015), http://dx.doi.org/10.1016/j.preghy.2015.0
[32] Jing ZC, Parikh K, Pulido T. Efficacy and safety of oral treprostinil
monotherapy for the treatment of pulmonary arterial hypertension:
a randomized, controlled trial. Circulation 2013;127(5):624–33.

[33] Olschewski H, Simonneau G, Galiè N, et al. Inhaled iloprost for severe
pulmonary hypertension. N Engl J Med 2002;347(5):322–9.

[34] Wong PS, Constantinides S, Kanellopoulos V. Primary pulmonary
hypertension in pregnancy. J R Soc Med 2001;94(10):523–5.

[35] Bendayan D, Hod M, Oron G, Sagie A. Pregnancy outcome in patients
with pulmonary arterial hypertension receiving prostacyclin
therapy. Obstet Gynecol 2005;106(5 Pt 2):206–10.

[36] Higton AM, Whale C, Musk M. Pulmonary hypertension in
pregnancy: two cases and review of the literature. Intern Med J
2009;39(11):766–70.

[37] Sitbon O, Badesch DB, Channick RN. Effects of the dual endothelin
receptor antagonist bosentan in patients with pulmonary arterial
hypertension: a 1-year follow-up study. Chest 2003;124(1):247–54.

[38] Galiè N, Rubin Lj, Hoeper M, et al. Treatment of patients with mildly
symptomatic pulmonary arterial hypertension with bosentan
(EARLY study): a double-blind, randomised controlled trial. Lancet
2008;371(9630):2093–100.

[39] Oudiz RJ, Galiè N, Olschewski H. Long-term ambrisentan therapy for
the treatment of pulmonary arterial hypertension. J Am Coll Cardiol
2009;54(21):1971–81.

[40] Montani D, Günther S, Dorfmüller P. Pulmonary arterial
hypertension. Orphanet J Rare Dis 2013;8:97.

[41] Rubin LJ, Badesch DB, Fleming TR. Long-term treatment with
sildenafil citrate in pulmonary arterial hypertension: the SUPER-2
study. Chest 2011;140(5):1274–83.

[42] Duarte AG, Thomas S, Safdar Z. Management of pulmonary arterial
hypertension during pregnancy: a retrospective, multicenter
experience. Chest 2013;143(5):1330–6.

[43] Subbaiah M, Kumar S, Roy KK. Pregnancy outcome in women with
pulmonary arterial hypertension: single-center experience from
India. Arch Gynecol Obstet 2013;288(2):305–9.

[44] Ghofrani 1 HA, D’Armini AM, Grimminger F, et al. Riociguat for the
treatment of chronic thromboembolic pulmonary hypertension. N
Engl J Med 2013;369(4):319–29.

[45] Smith JS, Mueller J, Daniels CJ. Pulmonary arterial hypertension in
the setting of pregnancy: a case series and standard treatment
approach. Lung 2012;190(2):155–60.

[46] Curry RA, Fletcher C, Gelson E. Pulmonary hypertension and
pregnancy–a review of 12 pregnancies in nine women. BJOG
2013;119(6):752–61.

[47] Nelson DM, Main E, Crafford W. Peripartum heart failure due to
primary pulmonary hypertension. Obstet Gynecol 1983;62(Suppl.
3):58s–63s.

[48] Robinson DE, Leicht CH. Epidural analgesia with low-dose
bupivacaine and fentanyl for labor and delivery in a parturient
with severe pulmonary hypertension. Anesthesiology
1988;68(2):285–8.
y arterial hypertension: A clinical conundrum. Preg Hyper: An Int J
1.004

http://refhub.elsevier.com/S2210-7789(15)00011-2/h0080
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0080
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0080
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0085
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0085
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0090
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0090
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0090
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0095
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0095
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0095
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0095
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0100
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0100
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0100
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0105
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0105
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0105
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0110
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0110
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0110
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0115
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0115
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0115
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0120
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0120
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0120
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0120
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0125
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0125
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0125
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0130
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0130
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0130
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0135
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0135
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0135
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0140
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0140
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0140
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0145
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0145
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0145
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0150
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0150
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0150
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0155
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0155
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0155
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0155
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0160
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0160
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0160
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0165
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0165
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0170
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0170
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0175
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0175
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0175
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0180
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0180
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0180
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0185
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0185
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0185
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0190
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0190
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0190
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0190
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0195
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0195
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0195
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0200
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0200
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0205
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0205
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0205
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0210
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0210
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0210
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0215
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0215
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0215
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0220
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0220
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0220
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0225
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0225
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0225
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0230
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0230
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0230
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0235
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0235
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0235
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0240
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0240
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0240
http://refhub.elsevier.com/S2210-7789(15)00011-2/h0240
http://dx.doi.org/10.1016/j.preghy.2015.01.004

	Pregnancy and pulmonary arterial hypertension: A clinical conundrum
	Introduction
	Methods and materials
	Pulmonary arterial hypertension and pregnancy
	Cases
	Case 1
	Case 2
	Case 3
	Case 4

	Symptoms and clinical presentation
	Management of PAH in pregnancy
	Pharmacological management
	Calcium channel blockers
	Prostacyclin pathway
	Endothelin pathway
	Nitric oxide pathway
	Guanylate cyclase stimulator (sGC)

	Mode of delivery/intrapartum care
	Conclusions
	Ethics statement
	Financial disclosure
	Conflict of interest
	References


