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Abstract

Purpose of review This review summarizes the pathophysiology, peripartum treatment, and
anesthetic management of parturients with cardiac disease. Valvular disease, coronary
disease, and cardiomyopathy are specifically addressed in the context of the normal
physiologic changes of pregnancy. We offer recommendations for anesthetic approaches,
hemodynamic goals with an emphasis on interdisciplinary planning between anesthesiol-
ogists, cardiologists, cardiothoracic surgeons, obstetricians, maternal fetal medicine
specialists, and neonatologists.
Recent findings Vaginal delivery with neuraxial analgesia can be well tolerated by many
pregnant patients with cardiac disease when coordinated by an interdisciplinary team of
experts.
Summary Cardiac disease in pregnancy can present a significant challenge for the inter-
disciplinary care team. A detailed understanding of each patient’s cardiac pathology and
the physiologic changes of pregnancy are critical to ensure a safe and successful labor and
delivery. Optimized medical therapy in the peripartum period and neuraxial anesthesia
with the judicious use of vasoactive agents can be of great benefit for these parturients. As
is generally the case, cesarean delivery should be primarily reserved for obstetric indica-
tions and maternal wellbeing, with careful consideration of the fetus to guide best
practices.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11936-018-0657-4&domain=pdf


Introduction

Pregnancy is associated with notable cardiovascular
physiologic changes in maternal cardiac output
(CO), systemic vascular resistance (SVR), stroke vol-
ume (SV), heart rate (HR), and other hemodynamic
parameters (Table 1, Fig. 1). Underlying cardiac
pathology can have a profound effect on maternal
and neonatal outcome. Cardiac disease is the most
common non-obstetric reason for maternal death in
the USA and the UK [5, 6]. Many women with
cardiovascular disease can benefit from peripartum
analgesia and anesthesia to facilitate labor pain
management and safe vaginal or cesarean delivery.
This review will discuss the primary etiologies of
cardiac disease in pregnancy, treatment modalities,
and relevant anesthetic techniques. We emphasize
interdisciplinary collaboration within a highly spe-
cialized team when planning for and managing
these patients during pregnancy, labor and delivery,
and postpartum.

Cardiovascular impact of neuraxial and general
anesthesia
Understanding and communicating about the basic
principles of neuraxial and general anesthesia are key
to understanding the impact of these techniques on
parturients with cardiac disease.

Neuraxial anesthesia—which includes epidural and
combined spinal epidural (CSE)—has been shown to
provide safe and superior labor pain relief compared to
intravenous or intramuscular opioids [7] and inhaled
nitrous oxide [8]. This, in turn, decreases maternal cir-
culating catecholamines. Neuraxial local anesthetic ad-
ministration, whether as a bolus dose or a continuous-
infusion via a catheter, results in a partial sympathecto-
my causing a decrease in systemic vascular resistance
(SVR). There are also HR effects after neuraxial anesthe-
sia placement related to the sympathectomy and cardiac
reflexes. HR responses vary and should be monitored.
Parturients demonstrate increased sensitivity to local

Table 1. Hemodynamic changes of pregnancy

Cardiovascular physiology of pregnancy
1st
trimester

2nd
trimester

3rd
trimester

Overall change
vs. baseline

Blood volume Increase (sharp rise) Increase Increase ↑ 45%

Peripheral vascular resistance Decrease Decrease
(lowest)

Plateau/slight
increase

↓ 35–40%

Heart rate Increase Increase Increase
(maximum)

↑ 20–25%

Cardiac output Increase (sharp rise) Increase Increase/decrease
/plateau

Max ↑ 45%

Arterial pressure (systolic (SBP),
diastolic (DBP), mean arterial
pressure (MAP))

Decrease Decrease
(lowest)

Increase SBP ↓ 6.2–7.2 mmHg
DBP ↓ 4.5–8.9 mmHg
MAP ↓ 5.4–9.8 mmHg

Left and right ventricular
wall mass

Increase Increase Increase LV ↑ 52%
RV ↑ 40%

Left ventricular wall thickness Increase Increase Increase ↑ 28%

Myocardial contractility and left
and right ventricular ejection
fraction

No change No change No change –

Aortic augmentation index
(stiffness)

Decrease Decrease
(lowest)

Increase –

Factors I, II, V, VII, VIII, X, XII Increase Increase Increase –

[1–3]
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anesthetics. Neuraxial anesthetics appear to increase
body temperature due to local anesthetic-mediated in-
flammatory mechanisms [9]. In some cases, this may
further decrease SVR, increase HR, and decrease blood
pressure.

When neuraxial techniques are unsuccessful or con-
traindicated and a surgical delivery is necessitated, then
general anesthesia must be administered. Airway instru-
mentation can be challenging in the parturient due to
increased oropharyngeal tissue edema, redundant soft
tissue of the neck and chest, and risk of aspiration. A
sympathetic surge may occur in response to direct laryn-
goscopy. Pretreatment with intravenous short-acting be-
ta-blockers, lidocaine, or opioids can minimize this re-
sponse. Propofol, used as an IV anesthetic induction
agent, is a cardiac depressant; other IV anesthetic induc-
tions agents such as etomidate and ketamine may better
preserve cardiac function and may be preferential in
certain circumstances. Inhalational agents are also nega-
tive inotropes and simultaneously decrease uterine tone,
which can predispose the parturient to more blood loss.
Both IV and inhaled anesthetics decrease SVR. General
anesthesia leads to a decrease in blood pressure that is
routinely augmented with vasopressor infusion. Parturi-
ents have a decrease in the minimum alveolar

concentration (MAC) of general anesthesia; however,
they are also particularly vulnerable to unintentional
awareness under general anesthesia and therefore ade-
quate amnestic agents must be used.

Valvular disease

Background: aortic stenosis

Valvular disease in the parturientmay predate pregnancy
but may be discovered for the first time during pregnan-
cy. Diagnosing and treating a valvular lesion is an espe-
cially critical part of prenatal care, as the cardiovascular
demands of pregnancy may rapidly shift the balance
between well-compensated valvular disease and cardio-
vascular collapse, resulting in maternal and fetal
compromise.

Symptomatic aortic valve (AV) stenosis in a woman
of childbearing age is most commonly caused by the
accelerated calcification of a congenital bicuspid valve
[10]. AV stenosis is diagnosed and graded by echocardi-
ography parameters (Table 2). AV stenosis becomes a
fixed left ventricular outflow tract (LVOT) obstruction
that, over time, causes the left ventricle (LV) to

Fig. 1. Hemodynamic changes in pregnancy and postpartum. CO cardiac output, HR heart rate, RBC red blood cell, SBP systolic
blood pressure, SVR systemic vascular resistance [4].
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hypertrophy, stiffen, and eventually, fail. Hemodynamic
goals for a patient with severe AV stenosis are to main-
tain a slow-normal heart rate to allow for adequate
diastolic filling, sinus rhythm to preserve the contribu-
tion of atrial kick to cardiac output, afterload to promote
coronary perfusion, and preload to support venous re-
turn to the heart.

Peripartum management: aortic valve stenosis

For patients with AV stenosis, the hemodynamic goals
noted above may be achieved with a carefully titrated
neuraxial anesthetic during labor. Neuraxial labor anal-
gesia can provide a partial sympathetic block with de-
creased circulating catecholamine levels and can attenu-
ate the intermittent elevation in material heart rate due
to pain. A functional neuraxial labor analgesic also
blunts the urge to bear down, thereby diminishing the
change in preload caused by the Valsalvamaneuver [11].
There can be perils to rapidly dosing a neuraxial anes-
thetic in patients with AV stenosis, as fast onset of pro-
found sympathectomy reduces SVR and preload and
results in compensatory tachycardia. Infusing phenyl-
ephrine, an alpha-1 adrenergic agonist, starting at 30–
50 mcg/min after neuraxial placement, can maintain
vascular tone and avoid major decreases in SVR and
preload. Phenylephrine will also result in a helpful re-
flexive bradycardia. A recent meta-analysis suggests that
healthy parturients receiving spinal anesthesia for cesar-
ean delivery derive some hemodynamic benefit from a
dose of IV ondansetron before neuraxial anesthesia. This
administration presumably mitigates the Bezold-Jarish

reflex because of the drug’s action on 5HT3 receptors
[12••]. It is possible that administration of ondansetron
prior to labor analgesia will offset the drop in SVR as
well. Invasive arterial blood pressure monitoring of pa-
tients with severe disease and associated remodeling of
the myocardium, before the neuraxial anesthetic, may
be beneficial.

Background: mitral stenosis

Mitral stenosis (MS) is the most poorly tolerated cardiac
lesion in pregnancy. In the obstetric population, MS is
typically caused by rheumatic disease. The diagnostic
and grading criteria of MS are described in Table 2. MS
causes the left atria to become enlarged. Patients are then
susceptible to atrial tachycardias and thromboembolic
events from dislodging atrial clots that developed due to
stasis, the hypercoagulable state of pregnancy and
nonlaminar flow. Pulmonary venous pressure increases
due to back-flow of blood from the left atrium into the
pulmonary artery leading to pulmonary arterial hyper-
tension (PAH) and increased pulmonary venous resis-
tance (PVR). These pathologic changes can ultimately
cause pulmonary edema and right ventricular failure.

Peripartum management: mitral stenosis

Hemodynamic goals for parturients with MS are to (1)
maintain a slow heart rate to minimize the transvalvular
gradient and (2) maintain or restore sinus rhythm in
order to preserve the atrial kick needed for adequate left
ventricular end-diastolic volume (LVEDV). Avoiding

Table 2. Grading criteria for aortic and mitral valve stenosis

Grading parameter Mild stenosis Moderate stenosis Severe stenosis
Aortic Stenosis

Aortic jet velocity (m/s) 2.6–2.9 3–4 9 4

Aortic mean gradient (mmHg) G 20 20–40 9 40

Aortic valve area (cm2) 9 1.5 1–1.5 G 1

Dimensionless index (VTI LVOT/VTI AV) 9 0.5 0.25–0.5 G 0.25

Mitral stenosis

Valve area (cm2) 9 1.5 1–1.5 9 1

Mitral mean gradient (mmHg) G 5 5–10 9 10

Pulmonary arterial pressure (mmHg) G 30 30–50 9 50
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factors that increase pulmonary artery (PA)
pressures—hypoxia, hypercarbia, acidosis, and pain—is
also critical. If severe MS is diagnosed before pregnancy,
then the ideal preconception procedure is a percutane-
ous valvolplasty if technically feasible. This approach
avoids the need for long-term anticoagulation associat-
ed with a mechanical valve replacement. If severe MS is
diagnosed during pregnancy, it is preferable to wait until
the second trimester for a percutaneous valvuloplasty to
avoid radiation exposure to the fetus during organogen-
esis. As cardiopulmonary bypass carries a significant risk
of fetal demise, open heart surgery is avoided whenever
possible [13].

Medical therapy for patients with MS includes
anticoagulation in the presence of atrial fibrillation
and beta blockade [14–17]. Maternal heart rate control
is critical even if the patient remains in sinus rhythm.
Tachycardia increases the trans-mitral gradient and inci-
dence of pulmonary edema [18]. Atrial fibrillation (AF)
must be aggressively treated with antiarrhythmic agents,
or in the hemodynamically unstable patient, with car-
dioversion, to reestablish sinus rhythm. Active manage-
ment of fluid status of MS patients should be done with
careful monitoring of input and output and judicious
use of diuretics, specifically hydrochlorothiazide,
triamterene, or amiloride [19]. Severely affected patients
may not tolerate the increased blood volume of the
second and third trimester when coupled with the asso-
ciated increased heart rate of exertion.

Neuraxial labor analgesia can be particularly benefi-
cial for the peripartummanagement of obstetric patients
with moderate or severe MS. Providing excellent labor
analgesia can minimize pain-induced tachycardia that
can cause sudden pulmonary edema from an
overloaded left atrium massive increase in interstitial
fluid and hydrostatic imbalance in the pulmonary cap-
illaries. Inhaled nitrous oxide (N2O) is relatively contra-
indicated in patients with MS, as N2O can directly in-
crease peripheral vascular resistance (PVR) and reduce
the FiO2, secondarily increasing PVR. Pulmonary artery
catheters are typically reserved for only the most severe
cases given their associated complications (right bundle
branch block, tricuspid valve damage or pulmonary
artery rupture) and logistical hazards. Transthoracic
echocardiography (TTE) is increasingly employed in
the obstetric setting to monitor biventricular function
and PA pressures.

As with AV stenosis, a well-working neuraxial labor
analgesic blunts the urge to bear down, and therefore,
diminishes the alteration in preload caused by the

Valsalva maneuver which increases SVR and PVR [11].
Allowing passive fetal descent with uterine contractions
and gravity, followed by a forceps- or vacuum-assisted
vaginal delivery may be beneficial if the patient cannot
physiologically tolerate Valsalva. In these cases, a slowly
titrated dose of concentrated local anesthetic, such as 5–
8ml of 3%2-chloroprocaine or 2% lidocaine, can provide
adequate perineal relaxation and maternal comfort. The
parturient may need additional medication for perineal
repair. If the patient has sustained a high degree perineal
laceration, she may benefit from a dose of long-acting
neuraxial opioid, such as 2–3 mg preservative-free mor-
phine administered epidurally, for postpartum analgesia.

The most vulnerable time for maternal pulmonary
edema is immediately after delivery. Acute relief of
aortocaval compression associated with delivery of the
fetus and autotransfusion from the contracting uterus
increases preload by approximately 30% [20]. This re-
distribution of intravascular volume coupled with an
increase in heart rate increases the already elevated
trans-mitral gradient leading to elevated PA pressures
and pulmonary edema. Prophylactic diuretic dosing
and oxygen supplementation may mitigate these effects.

Similarly, postpartum hemorrhage with its associat-
ed abrupt decrease in filling may also be poorly tolerat-
ed. As such, availability of ICU level care is important
considerations to plan for ahead of time.

Background/peripartum management: pulmonic stenosis

Pulmonic stenosis (PS) can be an isolated congenital
valvular lesion or can be among a constellation of con-
genital abnormalities, like in tetralogy of Fallot (TOF).
Affected women generally have a normal cardiopulmo-
nary function during pregnancy and delivery if PS is an
isolated defect. Patients with PS may experience higher
rates of pre-eclampsia and thromboembolic events,
which have implications for anticoagulation and timing
of neuraxial anesthesia placement [21]. Percutaneous
valvuloplasty can be performed if the PS is severe and
leads to right heart failure, for example, during the blood
volume expansion in the second trimester.

Background: mitral and aortic insufficiency

Chronic regurgitant valvular disease, caused by an in-
competent mitral or aortic valve, is generally well toler-
ated during pregnancy. Mitral regurgitation (MR) is
most frequently caused by MV prolapse in the
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developed countries, but worldwide the most common
cause is rheumatic disease [22]. The regurgitant fraction
from the LV to the LA may comprise a large percentage
of the ejection fraction and detract from forward flow of
blood to the aorta. MR causes left-sided volume over-
load that can lead to left atrial enlargement, increased
left ventricular wall hypertrophy, and eventually LV fail-
ure. Aortic insufficiency (AI) is seen with a bicuspid
valve, rheumatic valve, connective tissue disease, or di-
lated ascending aorta with annular dilation [22]. Aortic
insufficiency overloads the LV during diastole, with
blood entering anterograde through the mitral valve
and retrograde through the aortic valve. Both EDV and
ESV increase, as does stroke volume and left ventricular
wall pressure. In response, the LV hypertrophies, dilates,
and eventually fails.

Peripartum management: mitral and aortic insufficiency

The hemodynamic goals of both MR and AI are to
minimize regurgitant time by maintaining a high-
normal heart rate, to optimize the transvalvular gradient
by increasing preload and decreasing afterload, and to
encourage forward flow and accommodate the larger
stroke volume by preserving inotropy. The natural phys-
iologic changes of pregnancy are aligned favorably with
the hemodynamic goals of these regurgitant lesions. The
development of placental vascular bed and high-
progesterone state both decrease maternal SVR. Heart
rate naturally increases as does the circulating blood
volume. Treatment for the parturient is considered when
left ventricular dysfunction develops. Therapy includes
restricting activity, adhering to a low-sodium diet and
initiating medical therapy for afterload reduction. ACE
inhibitors and angiotensin II receptor blockers (ARBs)
are a mainstay of therapy for a non-parturient, but they
are teratogenic [23]. Instead, nitrates [24] and hydral-
azine are used for vasodilation in the parturient [25, 26].
Beta blockers and diuretics may be used with careful
monitoring of maternal blood pressure and fluid status.

Acute MR and AI, from papillary rupture or dissec-
tion, can result in critical illness requiring immediate
surgical intervention.

Background/peripartum management: tricuspid and pul-
monic regurgitation

Tricuspid regurgitation (TR) is a normal physiologic
development during pregnancy, whereas pulmonic

regurgitation (PR) ismost commonly seen in parturients
who have had corrective interventions to a previously
stenotic valve. In the absence of RV failure, TR and PR
infrequently cause clinically significant developments. If
they do become symptomatic, the physiologic manifes-
tations of these valvular lesions are treatable with
diuretics.

Myocardial infarction

Background: myocardial infarction

Myocardial infarction (MI) during pregnancy is not
common [27–29]. Spontaneous coronary artery dissec-
tion (SCAD) is the most common etiology [29]. The
physiologic changes in blood volume and cardiac out-
put during pregnancy and delivery can magnify shear
forces of the blood flowing through the coronary vessels,
resulting in a greater propensity for dissection. SCAD
typically occurs postpartum, within 6 weeks of delivery
[30]. The pathophysiology may relate to hormonally
mediated vascular changes, specifically to the high-
progesterone state of pregnancy or to the postpartum
estrogen withdrawal [31].

Peripartum management: myocardial infarction

If a patient is postpartum, then treatment of herMI is the
same as for a non-obstetric patient. If she is pregnant at
the time of her MI, then the fetal risks need to be
considered, although the well-being of the mother typ-
ically prevails.

Therapy for treating SCAD is dependent on the
timing and severity of the infarction. Medical therapy
for SCAD includes aspirin and beta blockade. SCAD
resulting in STEMI or hemodynamic instability should
be evaluated by cardiac catheterization with the goals of
improving myocardial perfusion. Percutaneous coro-
nary intervention (PCI), unfortunately, has a low success
rate and high probability of propagating existing or
causing new dissections [32]. If the patient remains
hemodynamically unstable after MI, then there should
be an interdisciplinary discussion between cardiology,
obstetric, and anesthesia experts about whether delivery
of the baby is indicated.

During labor, patients with SCAD may benefit from
an anesthetic plan thatminimizes the change in vascular
pressure over time. For a vaginal delivery, minimizing
maternal pain and expulsive efforts with a dense
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neuraxial anesthetic is likely to be beneficial. Reinforce-
ment of the anesthetic with more concentrated local
anesthetic (e.g., 2% lidocaine with epinephrine) may
be prudent before low-forceps- or vacuum-assisted de-
livery. Diuretics just before the second stage of labor
may offset the post-delivery increased filling (see the
“Peripartum management: mitral stenosis” section).

If not needed for urgent intervention for maternal
safety, ionizing radiation associated with PCI is ideally
avoided in pregnant women order to minimize fetal
risk. In addition, clopidogrel, typically used as part of
dual antiplatelet therapy after stent placement, has un-
known fetal effects. Similarly, CABG-associated cardio-
pulmonary bypass (CBP) carries a high risk of fetal
demise. However, ultimately critical therapy for the
mother should not be withheld out of concern for the
fetus.

Heart failure

Background: peripartum cardiomyopathy

Peripartum cardiomyopathy (PPCM) is a rare disease,
with an incidence of G 0.1%, which carries a significant
morbidity and mortality [33–38] and is diagnosed
based on the criteria delineated in Table 3 [39]. There
is no consensus as to the etiology of PPCM, although
there are multiple hypotheses [40–46]. PPCM can be a
challenging diagnosis to make by history alone, because
the symptoms of early heart failure are similar to those
of late pregnancy—dyspnea, fatigue, and pedal edema.
Transthoracic echocardiography (TTE) is a key diagnos-
tic tool for revealing cardiac pathology. Cardiac MRI is
an alternative diagnostic technique that employs non-
ionizing radiation. Gadolinium is not typically used in
the protocol because it crosses the placenta and has
unknown fetal effects [47]. In a postpartum woman that
does not recover full cardiac function, the rate of death
from heart failure during or after the subsequent

pregnancy is significantly higher than that of a woman
who has fully recovered her cardiac function [48].

Peripartum management: peripartum cardiomyopathy

Patients with only a moderately depressed ejection frac-
tion (EF) and compensated PPCM requireminimal or no
medical management beyond usual care for delivery.
Parturients with decompensated heart failure require
medical optimization with preload and afterload reduc-
tion. Nitrates and hydralazine are the mainstays of ther-
apy. As an elevated heart rate can lead to arrhythmias and
cardiac death, beta blocker therapy should be instituted.
Beta-1 selective agents are preferred for antepartum com-
pensated patients to avoid the unwanted beta-2 effects on
uterine tone. ACE inhibitors are reserved for afterload
reduction and neurohormonal modification after deliv-
ery because of their teratogenicity [49, 50]. Digoxin can
safely be used in pregnant women to increase inotropy.
For patients who are volume overloaded, low-sodium
intake should be encouraged. Diuretics should be care-
fully titrated to preserve maternal perfusion of the pla-
cental vessels that lack auto-regulation.

Prolactin is thought to mediate the cellular mecha-
nism of PPCM [51]. There is evidence to suggest that
inhibiting prolactin improves myocardial PPCM [52,
53••, 54]. Bromocriptine, the dopamine-2D agonist of
prolactin, has been used therapeutically. Side effects
from it include increased thrombotic risk, reduced lac-
tation, and hypoglycemia.

Women who are pregnant or newly postpartum
with severe PPCM are at increased risk of forming
intracardiac clots due to both heart failure and to
pregnancy itself. This vulnerability can, in turn, in-
crease the risk of systemic thromboembolism [55]. If
a pregnant woman’s EF is less than 30–35%, then she
should be treated with low molecular weight heparin
(LMWH) in the antepartum setting and warfarin in
the postpartum setting [56••, 57]. Patients who have

Table 3. Diagnostic criteria for peripartum cardiomyopathy

First criteria Echocardiographic evidence of new left ventricular systolic dysfunction developing
in late pregnancy and up to 20 weeks (5 months) postpartum.

Second Criteria Absence of an alternative cause of cardiac failure.

Third Criteria LV EF less than 45%.
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atrial fibrillation or a known mural thrombus should
be considered for anticoagulation regardless of their
EF. The duration of anticoagulation after delivery is
dependent upon the rate of cardiac recovery.

As per usual, the method of fetal delivery should
be based on obstetric indications with a preference
for vaginal delivery unless otherwise indicated.
Neuraxial analgesia for labor or cesarean delivery
can be instrumental in decreasing circulating pain
and catecholamine levels, reducing preload and
afterload and minimizing post-delivery increases in
cardiac output [58]. Optimal interdisciplinary plan-
ning, communication, and widespread availability of
relevant protocols can greatly expedite management
in parturients that are anticoagulated. The Society of
Obstetric Anesthesia and Perinatology (SOAP) and
American Society of Regional Anesthesia (ASRA) rec-
ommend that high-dose LMWH be held for 24 h
prior to a neuraxial anesthetic procedure and 12 h
for low dose LMWH, with tactics and decision aids
to guide management and maximize the use of
neuraxial anesthesia in both elective and non-
elective settings [59, 60].

In patients who have decompensated PPCM, inva-
sive monitoring and circulatory support may become
necessary: arterial line for continuous monitoring of
blood pressure and blood gas evaluation and central
venous catheter for prolonged infusion of vasopressors.
Echocardiography can be used to calculate cardiac out-
put instead of the more invasive pulmonary artery (PA)
catheter with its potential complications. Mild cases of
hypoxia can be treated with CPAP, whereas endotrache-
al intubation and mechanical ventilation with PEEP
may be needed for more severe hypoxia. ECMO can be
considered for circulatory support as a bridge to recovery
or to transplant.

Congenital heart disease

Background

Congenital heart disease has become more prevalent in
parturients due to advances in surgery and medical ther-
apy [61]. Corrected congenital heart disease is generally
well tolerated during pregnancy often requiring routine
labor and delivery care. Discussion of simple and com-
plex congenital lesions is beyond the scope of this re-
view. However, the patients who are of particular con-
cern are those with chronic left to right shunting that

progress to right-sided volume overload and pulmonary
hypertension. Eventually, the elevated right-sided pres-
sures cause reversal of the shunt, and deoxygenated
blood enters the systemic circulation. This is called
Eisenmenger’s syndrome. It results in significant mater-
nal and fetal consequences. Patients with severe pulmo-
nary hypertensionmay be counseled to avoid pregnancy
or undergo a first-trimester interruption of pregnancy, as
the maternal mortality rate is over 30% [62].

Peripartum management

The maladaptation of Eisenmenger’s syndrome is gener-
ally considered to be irreversible, but there are some
medical therapies that can be used to optimize pregnant
women for delivery [63]. Sildenafil, a cGMP-specific
phosphodiesterase type 5 inhibitor, increases pulmo-
nary blood flow and decreases hypoxia in patients with
Eisenmenger’s [64]. Data on its safety during pregnancy
is still being evaluated. Sildenafil is also being investi-
gated as treatment for placental insufficiency because it
appears to also increase uterine blood flow by uterine
vascular dilatation [65••]. Bosentan, a dual endothelial
receptor antagonist, is known to cause fetal harm and
should be avoided before delivery. Prophylactic
anticoagulation with LMWH should be considered after
20 weeks gestation, given the hypercoagulable state of
pregnancy and the potentially catastrophic effects of
venous thromboembolism and right heart failure in
these patients.

To support a parturient with Eisenmenger’s syn-
drome in labor, central monitoring with an arterial line
and central venous line is indicated. Intensive care nurs-
ing and physician specialists should be part of the inter-
disciplinary care team. Several aspects of labor and de-
livery, including the pain of contractions and Valsalva
maneuvers, can exacerbate right-to-left shunting and
worsen hypoxemia. Medical therapies should include
oxygen face mask and inhaled nitric oxide or inhaled
prostaglandins, like epoprostenol, if available. These
inhaled agents have no known adverse effects on neo-
nates [66]. Neuraxial anesthesia should be placed early
in labor and dosed for a dense sensory block to abolish
pain and diminish the urge to push. Consider practicing
a loss of resistance to saline technique for the epidural
procedure and de-airing both epidural and intravenous
boluses to minimize the introduction of air bubbles. A
low-forceps-assisted delivery can minimize maternal ex-
pulsive effort. Uterotonic agents that increase
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intrapulmonary shunting, such as Hemabate (prosta-
glandin F2 alpha), should be avoided [67]. With in-
creased chance of right-to-left intracardiac shunting,

paradoxical embolus is possible; be prepared for decom-
pensation at any time, particularly after delivery, neces-
sitating urgent intubation or ECMO.

Conclusion

Cardiac disease in pregnancy can present a significant challenge for the inter-
disciplinary care team. A detailed understanding of each patient’s cardiac pa-
thology and the physiologic changes of pregnancy are critical to ensure a safe
and successful labor and delivery. Optimizedmedical therapy in the peripartum
period and neuraxial anesthesia with the judicious use of vasoactive agents can
be of great benefit for these parturients. As is generally the case, cesarean delivery
should be primarily reserved for obstetric indications and maternal well-being,
with careful consideration of the fetus, should guide best practices.
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