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Abstract

Purpose of review Peripartum cardiomyopathy (PPCM) is a potentially catastrophic form of
heart failure caused by left ventricular systolic dysfunction that develops during pregnan-
cy or in the early postpartum period. After the initial diagnosis and treatment, many
women desire another pregnancy; however, risks of a subsequent pregnancy need to be
considered, as PPCM may lead to significant adverse outcomes for both mother and fetus.
The goal of this review is to provide information about risk stratification prior to
subsequent pregnancy, strategies to mitigate the risk of subsequent pregnancy, and

long-term maternal outcomes. ] ) ) )
Recent findings The degree of myocardial recovery is currently the most effective predictor

of heart failure relapse and adverse outcomes during a subsequent pregnancy. Women with
persistent left ventricular systolic dysfunction have worse maternal and fetal outcomes
during subsequent pregnancy. Pharmacologic options for the acute management of heart
failure during pregnancy are limited to diuretics, beta-blockers, hydralazine, isosorbide
dinitrate, and digoxin. After delivery, however, most guideline-directed heart failure
medications can be used safely, including in women who are breastfeeding. Because of
the risks of subsequent pregnancy, options for contraception should be discussed with
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women with PPCM. Finally, women with PPCM should be under the care of a multidisci-
plinary cardio-obstetrics team for preconception counseling and management during a

subsequent pregnancy.

Summary An essential component of caring for women with PPCM includes detailed

counseling about the risks of a subsequent pregnancy.

Introduction

Overview of peripartum cardiomyopathy

Peripartum cardiomyopathy (PPCM) is an idiopathic
cardiomyopathy in which left ventricular (LV) systol-
ic dysfunction develops during pregnancy or in the
early postpartum period [1, 2e, 3]. The incidence of
PPCM in the USA is estimated to be about 1 in 968
live births [4]. African-American women are more
commonly affected than other racial groups [5].
Older maternal age, multifetal pregnancies, hyper-
tension, and preeclampsia are also risk factors for
PPCM [2, 6]. Outcomes are variable, ranging from
prompt complete recovery, to persistent myocardial
dysfunction and symptomatic heart failure, to severe
heart failure with need for advanced therapies. In
one study, PPCM was associated with a 25% risk of
major adverse events, including death, cardiac arrest,
heart transplantation, mechanical circulatory sup-
port, fulminant pulmonary edema, thromboembo-
lism, and implantable cardioverter defibrillator or
pacemaker implantation [7].

Rates of myocardial recovery are variable, ranging
from 45 to 96% [8, 9, 10e]. The likelihood of
recovery of left ventricular ejection fraction (LVEF)
remains challenging to predict. Recovery may be

Contraception

impacted by initial LVEF, race, medical treatment,
delays in diagnosis, concomitant preeclampsia, and
additional factors [9e, 11-13, 14e]. In the Investiga-
tions of Pregnancy-Associated Cardiomyopathy
(IPAC) study, the overall rate of LVEF recovery was
72%; however, the rate of LVEF recovery in African-
American women was lower at 59%, despite similar
rates of guideline-directed medical therapy [9¢]. Im-
provement in LVEF typically occurs within 2 to
6 months of the diagnosis, although recovery may
occur up to 2 years later [6, 15].

PPCM presents unique challenges because it not
only impacts the health of the mother and her
child (if diagnosed during pregnancy), but future
pregnancies are associated with recurrent heart fail-
ure, deterioration of LVEF, and additional adverse
maternal and fetal outcomes. One of the most
frequently asked questions by women with a diag-
nosis of PPCM is about subsequent pregnancies
[16]. In this review, we will illustrate some of the
important points to consider when counseling
women with a history of PPCM about subsequent
pregnancies.

In order to avoid unplanned pregnancies, the discussion about another preg-
nancy needs to begin with discussion of contraception. An unplanned pregnan-
¢y in the presence of significant LV dysfunction leads to difficult conversations
and shared decision-making about the need to terminate a pregnancy. Un-
planned pregnancies should also be avoided in order to allow for thorough
counseling about the risks, and certain medications (such as ACE-inhibitors,
aldosterone receptor blockers, aldosterone antagonists, sacubitril-valsartan)
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may need to be stopped prior to pregnancy; therefore, counseling about risks of
pregnancy should also include a discussion of contraception. Findings from a
survey of 177 women with PPCM underscored the importance of this counsel-
ing; while 74% of the women surveyed reported wanting more biological
children, 25% reported not receiving information regarding contraception
and the risks of subsequent pregnancies [16]. Additionally, despite being sexu-
ally active, 27% of women with PPCM reported never or rarely using contra-
ception, and close to 35% reported using non-hormonal barriers, withdrawal,
or the rhythm method, which are associated with high failure rates [16, 17].
These findings highlight an important patient-provider mismatch in priorities
and counseling.

Tepper et al. performed a systematic review of the safety of pharmacologic
contraception in women with cardiac disease. They included 3 relevant articles
that prospectively studied 169 women with cardiac disease, including 5 women
with cardiomyopathy, who were on pharmacologic methods of contraception,
including progesterone-only pills, combine oral contraceptives, depot
medroxyprogesterone acetate, and copper intrauterine device; in this study, the
intrauterine device use was associated with the least cardiac adverse effects [18]. Of
note, this older study did not include the levonorgestrel intrauterine device which
is also very safe and highly effective [19]. In women at high risk of pregnancy
complications, the most important consideration in choosing a method of con-
traception is finding an effective method that a woman is willing to use reliably.
Contraception options for women with PPCM are listed in Table 1 [19, 20].

Risk assessment

Counseling regarding maternal outcomes

Currently, the degree of LVEF recovery is the most effective predictor of heart
failure relapse during subsequent pregnancies [21]. In particular, a recovered
LVEF of at least 50% is associated with significantly lower rates of relapse of
heart failure, maternal mortality, and premature delivery. Elkayam et al. per-
formed a retrospective review of 44 women who had PPCM and 60 subsequent
pregnancies [22]. In this study, normal LV systolic function was defined as a
LVEF of at least 50%. In the first subsequent pregnancies, 28 women had
normal LV systolic function (group 1, average LVEF of 56 + 7%) and 16 women
had persistent LV systolic dysfunction (group 2, average LVEF of 36 + 9%). In
both groups, there was a decrease in LVEF during the subsequent pregnancy
(group 1: 56 + 7% to 49 + 10%, p=0.002; group 2: 36 + 9% t0 32 + 11%, p=
0.08). Pre-pregnancy normal LV systolic function was associated with less heart
failure symptoms (21 vs. 44%) and a lower incidence of a substantial (> 20%)
decrease in ejection fraction (21 vs. 25%) during subsequent pregnancy. Nor-
mal LV systolic function pre-pregnancy also was associated with significantly
lower maternal mortality after the subsequent pregnancy (0 vs. 19%) and less
long-term LV systolic dysfunction (14 vs. 31% at a mean of 72 months) [22].
Several small earlier studies corroborated the conclusion that a pre-pregnancy
LVEF of at least 50% is associated with lower rates of heart failure relapse,
persistent LV systolic dysfunction, and maternal mortality [23-25]. Data from
more recent studies since 2010 are summarized in Table 2 [26-28, 29e]. Our
suggested approach to counseling patients with PPCM on subsequent pregnan-
¢y is outlined in Fig. 1.
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Table 1. Contraception options for women with PPCM

Efficacy Contraception method CDC recommendation in Overall acceptability
PPCM
Most Vasectomy Not applicable Yes
effective Tubal ligation Not applicable Yes
Copper intrauterine device Benefits outweigh the risks Yes
Levonorgestrel Benefits outweigh the risks Yes
intrauterine device
Progestin subdermal No restrictions if normal or Yes
implant mildly reduced LV systolic
function

Benefits outweigh the risks if
moderately or severely reduced

LV systolic function
Moderately Depot No restrictions if normal or Yes
effective medroxyprogesterone mildly reduced LV systolic
acetate function

Benefits outweigh the risks if
moderately or severely reduced
LV systolic function.
Progesterone-only pill No restrictions if normal or Yes
mildly reduced LV systolic
function
Benefits outweigh the risks if
moderately or severely reduced

LV systolic function
Combined Risks outweigh the benefits Avoid
estrogen-progestin
contraception (oral pill,
patch, or ring)
Least Barrier methods Not applicable Less effective; note these should be used
effective with other methods for sexually
transmitted infection prevention
Withdrawal Not applicable High failure rate
Rhythm method or natural Not applicable High failure rate
family planning
Spermicide Not applicable High failure rate

(DC, Centers for Disease Control; PPCM, peripartum cardiomyopathy; LV, left ventricular

Many studies have used an LVEF of 50% or greater as the definition of
myocardial recovery. However, a stricter definition for recovery would be a
LVEF of 55% or greater, and may be associated with lower rates of relapse. In
a study by Fett et al., 56 women with PPCM had 61 subsequent pregnancies
[26]. Relapsed heart failure was defined as a decrease in LVEF to 45% or less, a
decrease in LVEF by 10% in women with a baseline LVEF of 45% or less, or a
change in the New York Heart Association (NYHA) classification. There were 18
heart failure relapses (29.5%), and the rate of relapse was significantly different
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Asses$V ejection

fraction*
: High risk of relapsed heal
Ealilsllj(rgf relapsed heart failure (>50%
Extensive
Risk of persistent LV discussion of risks High risk of persisten;
Recovered LV systolic systolic dysfunction LV systolic dysfunctiol Persistent LV systolic
function dysfunction
(LVEF = 50%) Risk of premature Risk of premature (LVEF < 50%)
delivery Counseling
regarding
contraception
Low risk of maternal options
death Risk ofmaternaldeath

Close monitoring
during subsequent
pregnancy

Multidisciplinary
team for delivery.

Fig. 1. Approach to counseling patients with peripartum cardiomyopathy about subsequent pregnancy. * Would assess LV ejection
fraction after 3 months off ACE/ARB/spironolactone/sacubitril-valsartan. If normal LV function, would consider assessment for
subclinical dysfunction using strain imaging and/or exercise stress echocardiogram to assess contractile reserve and functional
capacity. LV, left ventricular; LVEF, left ventricular ejection fraction

based on the LVEF before subsequent pregnancy. The rate of relapse was 67%
for women with a LVEF of less than 45%, 35% for women with a LVEF of 45-
54%, and 17% for women with a LVEF of 55% or higher (p <0.001) [26]. This
data suggests that the definition of normal recovered LV systolic function
should likely be a LVEF of 55% or more, which is more consistent with the
American Society of Echocardiography guidelines for normal LVEF in women
[30].

This data highlights that when counseling women with PPCM about subse-
quent pregnancy, it is important to discuss that even if a woman's recovered LV
systolic function is normal, a subsequent pregnancy is not risk-free. The data
from Elkayam et al. and Fett et al. suggest that even with LVEF recovery pre-
pregnancy, the risk of relapsed heart failure and persistent LV systolic dysfunc-
tion is about 15-20% |22, 26]. Close monitoring of symptoms and LVEF by
echocardiography is necessary during subsequent pregnancies to detect heart
failure and deterioration in cardiac function. Furthermore, women may not
recover again after a subsequent pregnancy and may have ongoing heart failure
requiring lifelong heart failure medications.

Women with PPCM and persistent LV systolic dysfunction need to be
counseled that the risk of subsequent pregnancy also includes maternal mor-
tality. Because of these risks, the European Society of Cardiology (ESC) guide-
lines state that subsequent pregnancy is not recommended in women with
PPCM and residual LV systolic dysfunction [31ee]. In real-world clinical prac-
tice, patients and providers often have more nuanced discussions of risks and
priorities, but for women with persistent LV systolic dysfunction, other options
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for subsequent pregnancy should be discussed, including surrogacy and
adoption.

Counseling regarding fetal outcomes

When counseling women with PPCM about subsequent pregnancy, the risk of
adverse fetal outcomes should also be addressed. In the cohort of women
reviewed by Elkayam et al., persistent LV systolic dysfunction was associated
with higher rates of abortion and premature delivery [22]. In the group with a
LVEF of at least 50%, one therapeutic abortion occurred (4%). The rate of
premature delivery, which was defined as delivery at less than 37 weeks, was
13%. In the group with a LVEF less than 50%, 4 therapeutic abortions occurred
(25%). The rate of premature delivery was significantly higher at 50%. In this
group, premature delivery occurred in 6 women (2 women at 30 weeks, 1 at
34 weeks, 1 at 35 weeks, and 2 at 36 weeks). In both groups, there was no
perinatal mortality [22].

Assessment of subclinical dysfunction for risk assessment

While recovery of LVEF pre-pregnancy is associated with better maternal and
fetal outcomes during subsequent pregnancy, many women with recovered
LVEF still develop recurrent heart failure. Because of this, other methods for
risk stratification have been proposed, such as assessing myocardial contractile
reserve by exercise stress echocardiography, strain, cardiac magnetic resonance
imaging (MRI), and maintenance of LV systolic function after withdrawal of
heart failure medications.

Lampert et al. assessed the contractile reserve of patients with PPCM and
normal LV size and systolic function with matched controls via dobutamine
challenge [32]. They found that the contractile reserve was significantly reduced
in patients with recovered PPCM (p < 0.03). These findings provide a possible
explanation for why patients with a history of PPCM have worse outcomes
during subsequent pregnancies, even if the LV size and systolic function have
returned to normal. Fett et al. prospectively identified 56 patients with PPCM
who underwent 61 subsequent pregnancies. In this population, the overall rate
of relapsed heart failure was 29.5%. The rate of relapsed heart failure was
significantly lower in patients with recovered LVEF (17.1 vs. 46.2%, p <0.001).
Nine of 29 mothers with recovered LVEF underwent exercise stress echocardi-
ography and all demonstrated adequate contractile reserve. These 9 women did
not experience recurrent heart failure in subsequent pregnancies [26]. These
findings suggest that assessing contractile reserve could help identify women at
greater risk for complications with subsequent pregnancies, but further studies
are needed.

Deformation indices, such as strain, have been shown to be sensitive
markers of subclinical LV dysfunction in many conditions, including PPCM
[33]. LV global longitudinal strain is routinely used to monitor patients receiv-
ing cardiotoxic chemotherapies as the decrease in strain precedes a decrease in
LVEF [34]. Decreased LV global longitudinal strain has prognostic value in other
diseases as well, such as asymptomatic severe aortic stenosis [35]. Goland et al.
assessed 29 patients with PPCM and LVEF recovery and found significantly
lower LV global longitudinal strain compared with controls (- 19.1 vs. - 22.7,
p<0.001) [36]. This imaging technique may provide additional prognostic
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information in patients with PPCM, but additional studies are needed to
determine whether it has a role in counseling women with PPCM about
subsequent pregnancy.

Late gadolinium enhancement (LGE) on cardiac MRI has prognostic value
in nonischemic dilated cardiomyopathy and is associated with an increased risk
of sudden cardiac death and cardiovascular mortality [37]. The prognostic value
of cardiac MRI in PPCM remains unclear. Schelbert et al. recruited 40 women
from the IPAC cohort to undergo cardiac MRI and only found LGE in 2 women
(5%). Furthermore, the presence of LGE was not predictive of LVEF, NYHA
class, or mortality [38]. Ersboll et al. found a similarly low prevalence of LGE,
present in only 1 of 28 women with PPCM [39]. Additional studies are needed
to determine whether cardiac MRI findings can help with risk stratification in
PPCM.

Genetic testing may also prove useful for counseling women about their risk
of relapse during a subsequent pregnancy. Several studies have identified ge-
netic mutations in women with PPCM that overlap with those of idiopathic
dilated cardiomyopathy [40-43]. Truncating variants in the TTN gene are over-
represented in patients with PPCM [43], as well as chemotherapy- and alcohol-
related cardiomyopathies [44, 45]. While it is possible that women with TTN
truncating variants may be at increased risk for relapse with a subsequent
pregnancy, it is also important to note that > 90% of individuals with TIN
truncating variants do not develop dilated cardiomyopathy or PPCM [46].
Therefore, additional research is needed before genetic testing can be reliably
used for preconception risk stratification.

Finally, maintenance of normal LV systolic function after withdrawal of
heart failure medications is an important consideration. Fett et al. found that
in the 9 women who had a recovered LVEF of at least 55%, maintained a LVEF
of at least 55% after withdrawal of heart failure medications, and demonstrated
adequate contractile reserve by exercise stress echocardiography, there were no
instances of relapsed heart failure with subsequent pregnancy [26]. During
pregnancy, ACE-inhibitors, aldosterone receptor blockers, mineralocorticoid
antagonists, and sacubitril-valstartan are contraindicated. Therefore, discontin-
uation of these medications and reassessment of LVEF after approximately
3 months is often recommended to ensure the LVEF remains normal.

Potential treatments to mitigate risk during subsequent
pregnancy

Use of beta-blockers

Options for heart failure therapy during pregnancy are limited due to potential
adverse effects on the fetus. The prophylactic use of beta-blockers in patients
with PPCM during subsequent pregnancies has been proposed, although data
to support this practice is limited, and they are associated with lower adjusted
fetal birth weight [47]. Codsi et al. performed a retrospective review of 25
patients with PPCM and 43 subsequent pregnancies. Beta-blockers were used
during 19 of 43 subsequent pregnancies. During these pregnancies, six women
(31.6%) had relapsed heart failure and there was no intrauterine growth
retardation [29e]. This limited data suggests that beta-blockers are relatively
safe to use but the benefit in preventing recurrent heart failure is unclear.
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Generally, beta-blockers are frequently continued if a woman was taking this
prior to pregnancy. The most frequently used beta-blocker during pregnancy is
metoprolol tartrate, but other beta-blockers may also be used, with the excep-
tion of atenolol which has the highest risk of intrauterine growth restriction.

Use of bromocriptine, considered experimental

A pathologic fragment of prolactin has been implicated in the development of
PPCM in mouse models [48]. Because of this association, there has been interest
in whether bromocriptine, a dopamine agonist that inhibits the release of
prolactin, could optimize recovery from PPCM. The initial pilot study showed
promise [49], but was limited by small sample size in a select population.
Subsequently, a German study evaluated two regimens of bromocriptine and
found similar rates of LVEF recovery and hospitalizations for heart failure in
both groups, but no control group was included so the benefit over standard
heart failure therapy remains unclear [50]. The risks of bromocriptine are
important to consider. Bromocriptine causes lactation suppression, so the
downstream effects of not breastfeeding should be discussed with patients.
Additionally, bromocriptine is associated with thrombotic complications, in-
cluding myocardial infarction and stroke, so anticoagulation is recommended
for patients taking bromocriptine [51-54]. Because of the unclear benefit,
bromocriptine remains an experimental therapy in the USA.

Heart failure medications during pregnancy and after delivery

Breastfeeding

During pregnancy, options for heart failure medications are limited since
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and
aldosterone receptor antagonists are contraindicated because they are associat-
ed with fetal abnormalities [55]. Beta-blockers, hydralazine, isosorbide
dinitrate, and diuretics can be used for the acute management of heart failure
during pregnancy. After delivery, almost all guideline-directed heart failure
medications can be used safely, including in women who are breastfeeding.
Loop diuretics, beta-blockers, hydralazine, nitrates, digoxin, angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, and aldosterone
receptor antagonists can be used while breastfeeding. Sacubitril-valsartan and
ivabradine have not been studied in humans but animal studies demonstrate
the presence of the medication in milk [55].

Pregnancy is a hypercoagulable state. As such, in women with PPCM and a
LVEF of less than 30-35%, anticoagulation should be considered [31, 56ee].
During pregnancy, low-molecular weight heparin or intravenous heparin is
preferred as warfarin crosses the placenta and has possible teratogenic effects.
In the postpartum period, warfarin is safe to use with breastfeeding [55].

Breastfeeding provides numerous medical benefits for infants. Medical benefits
of breastfeeding for mothers include lower rates of breast cancer, lower rates of
metabolic syndrome, and improved birth spacing [57, 58]. From a practical
standpoint, breastfeeding is crucial for infant nutrition when formula is not
finandially feasible or in areas of the world where access to clean water is not
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available [59, 60]. Since prolactin has been implicated in the development of
PPCM, it has been hypothesized that breastfeeding would be associated with
worse outcomes in women with PPCM. Based on this hypothesis, the 2010 ESC
guidelines advised against breastfeeding in patients with suspected PPCM [1].
However, recent studies suggest that breastfeeding is safe in women with PPCM
[61e, 62]. Koczo et al. measured prolactin levels in 100 women with PPCM.
They found that while breastfeeding, women had higher prolactin levels than
women who were not breastfeeding, but there was no significant difference in
recovery of LV systolic function [61e]. This data is reassuring that breastfeeding
should not impact the safety of subsequent pregnancies in most women.

Monitoring during subsequent pregnancy

Mental health

Women with a history of PPCM should be under the care of a multidisciplinary
team when proceeding with a subsequent pregnancy. Close monitoring of
symptoms, repeat assessment of LV systolic function by echocardiography,
and monitoring of B-type natriuretic peptide levels should occur each trimester,
after delivery before discharge from the hospital, and at 1 month post-dis-
charge, as well as if new symptoms develop. The degree of LV systolic dysfunc-
tion and symptom burden will influence the frequency of evaluation. Finally,
vaginal delivery is usually preferred unless there is an obstetric reason for a
cesarean delivery [2e].

It is important to acknowledge the psychological toll of PPCM, as it often
impacts otherwise healthy young women and significantly affects their quality
of life and future family planning. In the survey by Rosman et al. of 177 women
with PPCM, clinical depression was present in nearly one third of women.
PPCM patients with depression were more likely to have a higher body mass
index (BMI), require antihypertensive medications, and receive disability, and
they were less likely to attend scheduled medical appointments [63]. Another
survey of 149 women with PPCM found that 53% reported elevated generalized
anxiety symptoms [64]. Therefore, when caring for women with PPCM, and
especially when having difficult conversations about subsequent pregnancies,
attention to mental health, stress, anxiety, and depression are essential compo-
nents of counseling.

Racial disparities in outcomes

Multiple studies have shown that non-Hispanic black women have worse
outcomes during pregnancy and suffer significantly higher rates of heart failure,
acute renal failure, and acute respiratory distress syndrome during delivery
when compared with non-Hispanic white women [65]. African American
women with PPCM have been found to be diagnosed later in the postpartum
period, present with more severe dysfunction (LVEF less than 30%), and are less
likely to have LVEF recovery when compared with non-African American wom-
en [11]. These disparities may be related to health care delivery, socioeconomic
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differences, and the multi-faceted effects of structural racism. Studies are needed
to examine whether racial disparities also exist in the outcomes after subsequent
pregnancy in women with PPCM.

Long-term outcomes

Conclusion

The long-term outcomes and the duration of heart failure treatment after LVEF
recovery remains unclear, and women should be counseled that they may
require lifelong heart failure medications. Amos et al. performed a retrospective
review of 55 patients with PPCM. In this population, 51% of the patients were
African-American, the baseline LVEF was 20.5%, and a high percentage was
placed on guideline-directed medical therapy for heart failure (90% were on
angiotensin-converting enzyme (ACE) inhibitors and 69% were on beta-
blockers). At follow-up, 45% had LVEF recovery and the average LVEF was 41
+ 14%. Eleven of the patients with LVEF recovery had their ACE inhibitor or
beta-blocker discontinued, and five patients had both medications
discontinued. After an average of 29 months, none of these patients had a
decrease in LVEF [8]. The most recent, largest registry data available about
outcomes in women with PPCM is limited by only 6 months of follow-up. In
their recent publication from the EuroObservational PPCM Registry, Sliwa et al.
reported on 739 women with PPCM. Sixty-seven percent of the women had a
LVEF of 35% or less at diagnosis. At 6 months, the all-cause mortality rate was
6%. The rate of LVEF recovery, which was defined as a LVEF of at least 50%, was
46%. At 6 months, 23% of women had persistent, severe LV systolic dysfunc-
tion with a LVEF of 35% or less [ 10e]. This data underscores the vast differences
in outcomes and recovery among women with PPCM, which causes significant
difficulty for counseling women about short- and long-term risks. These con-
siderations are essential when women are making decisions about expanding
their families with a subsequent pregnancy.

Understanding the methods to risk stratify women with PPCM, ways to opti-
mize their risk when proceeding with subsequent pregnancy, and long-term
maternal outcomes after subsequent pregnancy are important considerations
when counseling women with PPCM about pursuing subsequent pregnancy.
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