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The mortality rate of pulmonary hypertension in pregnancy is 25%-56%. Pulmonary arterial hy-
pertension is the highest incidence among this group, especially in young women. Despite clear
recommendation of pregnancy avoidance, certain groups of patients are initially diagnosed during
the gestational age step into the third trimester. While the presence of right ventricular failure in
early gestation is usually trivial, it can be more severe in the late trimester. Current evidence shows
no consensus in the management and serious precautions for each stage of the pre-, peri- and
post-partum periods of this specific group. Pulmonary hypertension-targeted drugs, mode of deliv-
ery, type of anesthesia, and some avoidances should be planned among a multidisciplinary team to
enhance maternal and fetal survival opportunities. Sudden circulatory collapse from cardiac de-
compensation during the peri- and post-partum phases is detrimental, and mechanical support
such as extracorporeal membrane oxygenation should be considered for mitigating hemodynamics
and extending cardiac recovery time. Our review aims to explain the pathophysiology of pulmonary
arterial hypertension and summarize the current evidence for critical management and precau-
tions in each stage of pregnancy.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) often leads to acute right ventricular failure, cir-
culatory collapse and death during in pregnancy [1,2]. The incidence of PAH in pregnancy
has ranged from less than 1% to 8%, and maternal mortality (9%-33%) is highest among
pregnancies coexisting with cardiac disease [3-6]. The manifestations of undiagnosed PAH
during pregnancy are difficult to distinguish from the normal physiologic changes of preg-
nancy, such as palpitations, exertional dyspnea and lower extremity edema [7]. When the
symptoms of right ventricular failure are detected late in these patients, the appropriate
treatment is delayed [8,9]. The hemodynamic changes during the peri- and post-partum pe-
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riods cause the majority of maternal morbidity and mortality
as a result of increased cardiac output [10]. In this particu-
lar context, cardiac decompensation consists of acute right
ventricular failure, cardiogenic shock, and cardiac collapse.
Referral to a pulmonary hypertension center that uses a
multidisciplinary team approach (obstetrician, cardiologist,
pulmonologist, anesthesiologist, cardio-thoracic surgeon, in-
tensivist, and pediatrician) should be considered as necessary

to improve outcomes.

PATHOPHYSIOLOGY OF CARDIAC
DECOMPENSATION IN PREGNANT PATIENTS
WITH PAH

Pre-partum Stage
In 2nd to 3rd trimester of gestation, a normal physiologic

change contributes to surging cardiac output as a result of in-
creased stroke volume, heart rate and total blood volume. The
maternal blood volume rises approximately 45% (1,200 to 1,600
ml) with the highest in the 3rd trimester (32-34 weeks) [7,11].
The gestational hormones estrogen and progesterone are pro-
duced by the placenta and have a vasodilator effect through
membranous ion channels, relating to decreased systemic

2nd- 3rd trimester in pregnancy
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vascular resistance (SVR) and pulmonary vascular resistance
(PVR) [12-14]. Recorded by transthoracic echocardiography
(TTE), PVR reduction is mostly in the third trimester by 17.5%
[7]. The effect of low SVR and PVR during pregnancy mitigates
cardiac decompensation in PAH patients from high cardiac
output. However, the effect of vasodilation incompletely ame-
liorates the detrimental result from right ventricular failure
when patients enter the last trimester. The late 2nd to 3rd tri-
mester and postpartum are the two critical phases of cardiac
decompensation in pregnant patients with PAH [15]. In addi-
tion, physiologic anemia during pregnancy and hormonal ef-
fect decrease myocardial oxygen supply, contributing to right
ventricular wall stress and remodeling (Figure 1) [16].

Peri-partum Stage
During labor, the cardiac output and systemic blood pressure

rise with each uterine contraction [17], and auto-transfusion
returns of 300-500 ml of blood into the systemic circulation.
The sympathetic response to pain and anxiety also elevates
maternal blood pressure and heart rate [11]. The overwhelm-
ing venous return and rising systemic resistance directly affect
right ventricular function. The prolong secondary stage of
labor and the Valsalva maneuver are known as negative risk
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Figure 1. Pathophysiology of acute right ventricular failure, cardiogenic shock, and cardiovascular collapse in pregnant patients with pulmonary
arterial hypertension (PAH) during the pre-, peri- and post-partum stages. SVR: systemic vascular resistance; PVR: pulmonary vascular resistance.

Acute and Critical Care 2021 November 36(4):286-293

https://www.accjournal.org 287



Phoophiboon V, et al. Management in PAH with pregnancy

factors [18] as well as anesthetic methods due to the increased
intrathoracic pressure and PVR. These effects predispose to
acute right ventricular failure and profound hypotension.

Post-partum Stage

After delivery, an abrupt increase of venous return (500 ml)
from inferior vena cava decompression returns to the heart,
resulting in decompensation of an unhealthy right ventricle
[11,15]. In addition, a fall of estrogen and progesterone levels
after placenta delivery directly affects the pulmonary venous
resistance. An abrupt rise of pulmonary venous resistance ob-
scures fluid flow from right-to-left circulation, leading to cardi-
ac decompensation.

CRITICAL CARE MANAGEMENT OF CARDIAC
DECOMPENSATION IN PREGNANT PATIENTS
WITH PAH

Pre-partum Stage

PAH-targeted therapy

A pulmonary vasodilator, which reduces right ventricular
afterload and improves cardiac function, is an important
treatment of PAH [19]. There are three main mechanisms
of PAH treatment: cyclic adenosine monophosphate, cyclic
guanosine monophosphate and endothelin pathway [20].
However, the endothelin receptor antagonist group is a con-
traindication in pregnancy due to its teratogenic effects (cat-
egory X). The following drugs are commonly administered in
pregnancy. (1) Cyclic adenosine monophosphate pathway: (a)
inhaled nitric oxide (iNO), (b) phosphodiesterase 5 inhibitor;
sildenafil (category B) is commonly used in combination with
prostaglandin, (c) guanylate cyclase stimulator is category X.

Table 1. WHO FC-related PAH-targeted drugs in pregnancy

T

(2) Cyclic guanosine monophosphate pathway: (a) prostacy-
clin derivatives; intravenous epoprostenol, inhaled iloprost.
The severity of patients who haven'’t received treatment is
classified by the World Health Organization functional classi-
fication (WHO FC) I to IV. Patients with WHO FC I-II should
be treated with oral sildenafil and closely monitored, while
WHO EC III-1V patients require hospital admission and ad-
ministration of either intravenous prostacyclin derivatives or

combined therapy (Table 1).

Close monitoring

In the pre-delivery stage, TTE should be used for daily mon-
itoring to detect early cardiac decompensation and evaluate
fluid status. An arterial line and a central venous catheter can
also be considered for hemodynamic monitoring, while a

pulmonary artery catheter is not routinely required.

Anticoagulant

Due to their hypercoagulable state, these patients have a
high risk of venous thromboembolism as acute pulmonary
embolism and deep vein thrombosis during both pregnancy
and the post-postpartum period [21]. As a result of increased
estrogen levels, blood coagulation Factors 7, 8, 9, 10, 12, 13
and von Willebrand factor are markedly elevated, which
significantly increases in the third trimester [11]. Addition-
ally, the increased levels of several plasminogen inhibitors
diminish the overall fibrinolytic capacity [22,23]. While blood
coagulation inhibitors are unpredictable, their effects during
pregnancy result in unchanged antithrombin and protein C
levels and a markedly decreased protein S level. The reduc-
tion of venous flow in the lower limbs is another precipitating
risk [11]. Consequently, it is recommended that PAH patients

Severity WHO FC Type of medication Route Dosage Pregnancy category

FC I-II Phosphodiesterase 5 inhibitor: Oral 20-150 mg/day [24] B
sildenafil

FC I Prostacyclin derivative: iloprost Inhaled (ultrasonic nebulizer) 3-20 pg/day (7-9 times/day) [25]

FC IV Prostacyclin derivative: epoprostenol Intravenous

May combine with sildenafil [27]
Nitric oxide Inhaled

May combine with sildenafil [29]

Initiate at 2 ng/kg/min and gradually increase B
up to 20 ng/kg/min [26] (maximally tolerated
dosage based on clinical symptoms and
adverse effects)

5-20 PPM [28] C

WHO: World Health Organization; FC: functional classification; PAH: pulmonary arterial hypertension.
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with pregnancy in the antepartum through postpartum pe-
riods should be treated with low molecular weight heparin
[2,9,30,31]. Unfractionated heparin should also be consid-
ered, especially in the unpredictable peri-partum phase.

Peri-partum Stage

Mode of delivery: vaginal delivery vs. caesarean section
The gestation of 32 to 36 weeks is preferable for delivery [1,9]
because of its many advantages, such as accessibly promoting
fetal lung growth, absence of uterine contraction and well-
planned delivery. Cardiac stabilization with an adequate
PAH-targeted therapy and resuscitation are necessary to
reduce maternal and fetal mortality. The mode of delivery
between vaginal delivery (the previous decade) and caesarean
section (the present) remains controversial [31,32]. Although
the benefits of vaginal delivery consist of smaller blood volume
loss, lower bleeding complication, lower infection rate, and
less altered hemodynamics than caesarean section [9,33,34],
it has some serious complications. First, labor pain could
overstimulate the sympathetic nervous system. Second, the
Valsalva effect during delivery could worsen maternal cardiac
function due to low cardiac output by increasing intrathoracic
pressure and thus decreasing venous return [35]. Currently,
elective caesarean section is considered as a mode of delivery
due to better control of hemodynamic outcomes and delivery
duration [3,36,37].

Anesthetic management: regional anesthesia vs. general
anesthesia

There are many adverse effects from general anesthesia, espe-
cially increases of pulmonary arterial pressure and PVR during
laryngoscopy and tracheal intubation. In addition, the positive
pressure ventilation on venous return may lead to hemody-
namic instability [3,38]. Regional anesthesia is commonly used
by combining the spinal and epidural approach to provide ulti-
mately effective anesthesia to minimize the dose of anesthetics
[39]. Epidural anesthesia has a slow onset (15-20 minutes) but
provides hemodynamic stability. In contrast, spinal anesthesia
is rapid onset (1-2 minutes) but is associated with peripheral
vasodilation. However, single-shot spinal anesthesia should
be avoided because of its profoundly hemodynamic effect by
sympathetic block [31]. Furthermore, the ultimate goal of an-
esthetic management is the control of pain, where hypoxemia
and hypercapnia could be considered as hemodynamically
sustaining effects [19,40].
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Uterine contraction agents

The uterine contraction agent is a potential risk for deterio-
rating the circulatory system, although it can be necessary for
the prevention of uterine atony [32]. In PAH patients, oxytocin
should be given by infusion without a bolus dose to reduce
systemic vasodilation. A slow infusion rate of oxytocin effec-
tively minimizes the potential for hypotension, tachycardia,
and fluid retention [41]. Ergotamine and prostaglandin F2 al-
pha should be cautiously used in PAH patients because of their
effects to increase vasoconstriction, myocardial infarction and

pulmonary venous congestion [15].

Post-partum Stage

Close monitoring in the intensive care unit

The majority of deaths in pregnant patients with PAH in the
last decade have occurred in the post-partum period, mainly
in the first to third month [31,42,43]. Most observational stud-
ies illustrated unprecedented events, such as severe right ven-
tricular failure, hypotension, and circulatory collapse, which
occurred within the first 7 days after delivery [1]. The treatment
goals during the post-partum period, especially in the first 48
hours, are to avoid volume overload, maintain systemic blood
pressure and closely observe right atrial pressure and cardiac
function.

Medical management during cardiac decompensation

Drugs used to treat right heart failure are mostly in the Food
and Drug Administration (FDA) pregnancy category C except
dobutamine (category B). Fortunately, most pregnant patients
with PAH develop cardiac decompensation after delivery be-
cause of the pathophysiology of increased venous return and
PVR. Therefore, the treatment of right heart failure and cardio-
genic shock is not significantly different from the non-preg-
nant group. However, the treatment of unhealthy right ventric-
ular function and PAH largely deals with the preload sensitive
character (i.e., avoiding over-corrected fluid or over diuresis),
reduction in PVR as previously mentioned (optimizing after-
load), and contractility promotion. The role of diuresis (fu-
rosemide is FDA pregnancy category C) may be essential in
patients who have obvious pulmonary edema, and close mon-
itoring is required. The increase of right ventricular contractil-
ity with inotropic agents has been proposed in various studies;
however, there are some commonly used treatments in right
heart failure that have smaller effects on the increased PVR,
such as milrinone, dobutamine, and levosimendan [44-46]. In
a hypotensive patient, either epinephrine or norepinephrine is
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34 trimester without labour pain
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(Pregnancy category)
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V' Close monitoring: TTE, arterial line,
central venous catheter
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 Prefer Caesarean section
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spinal and epidural approach
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T
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V' Close monitoring
in intensive care unit

PAH-targeted therapy

+/ Continue and adjust
PAH-targeted therapy

v Consider ECMO(VA),
atrial septostomy
X Right ventricularassist device
v Transplantlisting

Figure 2. Critical care management for acute right ventricular failure, cardiogenic shock and cardiovascular collapse in pregnant patients with
pulmonary arterial hypertension (PAH) during the pre-, peri- and post-partum stages. TTE: transthoracic echocardiography; LMWH: low molecular
weight heparin; ECMO: extracorporeal membrane oxygenation; VA: veno-arterial.

preferable to add-on with minimally increased PVR concerns
[47,48].

Rescue management

In a PAH patient who is unresponsive to maximal medical
therapy, extracorporeal membrane oxygenation (ECMO) is a
novel mechanical support for bridging to recovery or trans-
plantation by unloading the right ventricle and enhancing
oxygenation and ventilation [18,49]. While right ventricular
assist device mainly supports right ventricular load without
improving oxygenation and ventilation, it carries a potential
to rupture the pulmonary artery. There is no current guideline
on the use of ECMO during or after pregnancy [50]. The initial
ECMO configurations reported in pregnancy are veno-venous,
veno-arterial (VA) and veno-arterial-venous mode. However,
VA-ECMO is widely considered to support hemodynamics in
decompensated pregnant PAH patients, and some are extubat-
ed while continuing VA-ECMO. Although ECMO is one of the
supporting procedures for recovery, time mostly being activat-
ed that was in postpartum period when refractory circulatory
failure usually occurred. Several reports showed some benefits
of ECMO during the peripartum stage [24,25,27,37,43,51]. Can-
nula size and route are also challenging for cannulation due to
the anatomical changes during pregnancy. Femoral cannula-
tion should be performed with caution, but there have been no
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reports of flow insufficiency from gravid uterus compression
[26,43]. The duration of ECMO has been reported from 6 to 30
days, and bleeding is the most common complication [29,43].
Alternatively, atrial septostomy may be an additional method
for unloading right ventricular pressure and particularly early
promoting ECMO decannulation [29)].

Contraception

Pregnancy is classified by the WHO in category 4 as an ex-
tremely high risk of maternal morbidity and mortality, which
is an absolute contraindication of pulmonary hypertension
patient [28]. Termination should be discussed if it is plausible.
The current practice is focusing on outpatient counselling for
pregnancy prevention, as there are many issues surrounding
methods of contraception [52]. Currently, estrogen-containing
contraceptives and injectable progestins are not recommend-
ed because of their potentially increased risk of venous throm-
boembolism, while the progestin-only pill often has a high
failure rate of contraception [35,53]. Alternatively, non-perma-
nent devices, such as progestin-only intrauterine device and
implantation, are acceptable, but they have imprecise efficacy
and could alter levels of pulmonary vasodilator drugs. Con-
sequently, permanent contraception is preferable. A report
from the Mayo Clinic of a retrospective cohort showed that
micro-insert hysteroscopic sterilization provided an effective
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advantage in patients who could undergo the procedure in
an elective setting due to its small procedural risk [54]. Lap-
aroscopic tubal ligation still requires general anesthesia [35].
Tubal ligation, however, could be performed in patients who
underwent caesarean section (Figure 2).

CONCLUSION

The presence of PAH with pregnancy in the 3rd trimester leads
to unavoidable morbidity or mortality. Acute right ventricular
decompensation usually demonstrates either near the end of
gestation or in the post-partum period. The critical care man-
agement should consist of pulmonary hypertension-targeted
treatment, mode of delivery, anesthesia, and postoperative
care after delivery, including promoting cardiac function with
medications, rescuing therapies, and a multidisciplinary team
approach to promote good maternal and fetal outcomes. Ef-
fective permanent contraception is essentially required in pa-
tients with PAH who are of childbearing age for the prevention
of devastating events.
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