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Opinion statement

After concerns about survival and recovery from peripartum cardiomyopathy (PPCM),
the question commonly asked is, “Is it safe to have another pregnancy?” While impor-
tant advances have been made in the past decade in the recognition and treatment of
PPCM, we still do not know why some apparently recovered PPCM mothers have a re-
lapse of heart failure in a subsequent pregnancy. Knowing that some risk for relapse
is always present, careful monitoring of the post-PPCM pregnancy is currently the best
way to enable earlier diagnosis with institution of effective evidence-based treatment.
In that situation it is reassuring to observe that when a subsequent pregnancy begins
with recovered left ventricular systolic function to echocardiographic ejection fraction
≥0.50, even with relapse, the response to treatment is good with much more favorable
outcomes. On the other hand, beginning the subsequent pregnancy with echocardio-
graphic ejection fraction G0.50 greatly increases the risk for less favorable outcomes.
This article summarizes the current state of knowledge; addresses the important ques-
tions facing patients, their families, and caregivers; and identifies the need for a pro-



spective multi-center study of women with post-PPCM pregnancies. The reality is that
an estimated 10 % to 20 % of apparently recovered PPCM mothers are going to relapse
in a post-PPCM pregnancy; but we do not yet know why. Nevertheless, the lowest risk
for relapse is experienced by those who (1) recover to left ventricular ejection fraction
0.55 prior to another pregnancy; (2) have no deterioration of left ventricular ejection
fraction after phasing out angiotensin-converting enzyme inhibitor/angiotensin-
receptor blocker treatment following recovery; and perhaps, (3) demonstrate adequate
contractile reserve on exercise echocardiography.

Introduction
Peripartum cardiomyopathy (PPCM) is one of the
leading causes of maternal mortality in the USA
and still leaves many victims with chronic heart fail-
ure requiring continuing medications at the prime of
their adulthood [1–4]. After concern for survival and
recovery following a diagnosis of peripartum cardio-
myopathy, a question commonly asked by both care-
givers and patients becomes, “Is it safe to have

another pregnancy?” The response to this question
is far different now than just a little more than a de-
cade ago because a great deal of progress has been
made in the recognition of PPCM and in the effec-
tiveness of current evidence-based treatment. This ar-
ticle describes our current state of knowledge and
addresses the most pressing issues faced by PPCM
mothers everywhere.

What is the risk for relapse of heart failure in a post-PPCM
pregnancy?

Although there are only limited observations to-date, it is clear that the
relapse of heart failure rate in a post-PPCM pregnancy correlates in-
versely with the level of recovery before the subsequent pregnancy begins
[5, 6]. Table 1 lists various series that have been reported and identify
relapse of heart failure rates. It is readily apparent that the relapse rate is
higher for those who have not yet reached recovery levels of echocar-
diographic left ventricular ejection fraction (LVEF) ≥0.50 before a sub-
sequent pregnancy; and that the lower the pre-subsequent pregnancy
LVEF, the higher the frequency of relapse of heart failure in the post-
PPCM pregnancy. Figure 1 summarizes outcomes for new PPCM pa-
tients, identifying those who recover to LVEF ≥0.50 and, therefore, have
the lowest risk for relapse of heart failure in a post-PPCM pregnancy.
Diagnostic LVEF appears to be a helpful predictor of those who have the
greatest potential to recover [13••, 14, 15, 16••].

In a retrospective USA study, Elkayam et al [5], reported that 21 % of
recovered PPCM patients (n=28) experienced a decrease of more than
20 % of LVEF in a subsequent pregnancy compared with 44 % of
nonrecovered (n=16) women. There were no deaths with subsequent
pregnancy in the recovered group, but three deaths in the nonrecovered
group. Importantly, 14 % of those who entered the post-PPCM preg-
nancy with recovered level LVEF (≥0.50) but relapsed with the post-
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PPCM pregnancy still had decreased LVEF at last follow-up compared
with 31 % of those who relapsed in the nonrecovered group at begin-
ning of the post-PPCM pregnancy.

In a prospective USA study of post-PPCM pregnancy patients identi-
fied through an internet support group, Fett et al [10], reported that
one-third of those entering the post-PPCM pregnancy with LVEF 0.50
0.54 (n=9) experienced relapse of heart failure; and that 23 % of those
entering the post-PPCM pregnancy with LVEF ≥0.55 also experienced
heart failure in the post-PPCM pregnancy. Relapse of heart failure rates
were progressively worse as the post-PPCM pregnancies began with
LVEFG0.50.

Table 1. Relapse of heart failure in post-PPCM pregnancies

Author Type of
study
(Country)

Post-PPCM
pregnancies
(n)

Number of
subsequent
pregnancies in
patients
with recovered LV
function (A)

Number of
subsequent
pregnancies
in patients
without
recovered
LV function (B)

Percentage of
(A) with
heart failure
symptoms
and/or
relapsec

Percentage of
(B) with heart
failure
symptoms
and/
or relapsec

Elkayam
et al.
(2002) [5]

Retrospective
survey (USA)

60 41 a 19 15 % 37 %

Sliwa
et al.
(2004) [7]

Prospective
(South Africa)

6 1 5 100 % 100 %

Fett
et al.
(2006) [6]

Observational
study (Haiti)

15 1 a 14 0 53 %

Habli
et al.
(2008) [8]

Retrospective
analysis (USA)

21 9 a 12 0 50 %

Modi
et al.
(2009) [9]

Retrospective
analysis (USA)

15 4 a 11 na 28 % of all 15
had relapse,
unknown for
separate A/B

Fett
et al.
(2010) [10]

Prospective
study (USA)

61 35 b 26 17 % 46 %

Mandal
et al
(2011) [11]

Observational
study (India)

6 5 a 1 40 % 100 %

Shani
et al
(2014) [12]

Retrospective
analysis (Israel)

14 in 9
patients

13 in 8
patients

1 25 % 100 %

aRecovered LV function=≥0.50
b Recovered LV function=≥0.55
c Relapse=Decrease of LVEF to ≤0.45 or worsening by 0.10 EF points if begin post-PPCM pregnancy with LVEF ≤0.45
na=data not available
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Modi et al [9] reported that 27 % (4/15) of PPCM patients with a
subsequent pregnancy experienced relapse or worsening of heart failure
with a subsequent pregnancy. There were no maternal deaths, although
only four of the 15 entered the subsequent pregnancy with recovered
LVEF of ≥0.50. Habli et al [8] followed 21 PPCM patients through a
subsequent pregnancy and found that 29 % (6/21) had worsening car-
diac function.

Fear of relapse of heart failure in a post-PPCM pregnancy understand-
ably promotes expression of caution about prognosis and outcomes [17].
These concerns are important, but there may be more reasons to be
optimistic about risks and outcomes than ever in the past. When be-
ginning the post-PPCM pregnancy with LVEF ≥0.50, even in the presence
of relapse, there appears to be no mortality; and subsequent recovery is
seen in over 90 % with appropriate recognition and treatment [10]. Early
recognition of relapse and institution of appropriate treatment are the
key factors in better outcomes. The greatest danger is to those who begin
the subsequent pregnancy with lower LVEF, particularly G0.45. Those are
the ones who are at higher risk of being left with a worse cardiomyop-
athy; and in the lowest LVEF onset group, may not survive (Table 2 and
Fig. 1).

All Peripartum Cardiomyopathy (PPCM) 

Subjects

(Apply American Heart Association 

Evidence-based Guidelines Treatment) (29)

Baseline LVEF ≥ 0.30 at 

diagnosis 

(No events and  > 80 % recovery 

rate.)

Baseline  LVEF < 0.30 at 

diagnosis

LVEDD ≥ 60 mm also concerning

(More events and only around 33 

% recovery rate.)

This group needs more focus and 

new intervention strategy. 

*Estimates derived from studies reported in References 10,13-16.

Definitions:

LVEF = left ventricular ejection fraction

LVEDD = left ventricular end-diastolic diameter

Events = death or transplant or left ventricular assist device 

or severe chronic cardiomyopathy with LVEF < 0.35

Recovery = LVEF ≥ 0.50

RECOVERED PPCM 

patients (LVEF ≥ 0.50) 

have the lowest risk for 

relapse of heart failure in a 

post-PPCM pregnancy.  

There is always some risk 

for relapse.

Fig. 1. Estimated outcomes in peripartum cardiomyopathy
patients and risk for relapse of heart failure in subsequent
pregnancy 2014*.
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It must, however, be understood that there can be no guarantee that
relapse of heart failure will not occur in a post-PPCM pregnancy. With
relapse, even in the most favorable diagnostic and treatment situations,
there is a risk that some of those who relapse will end up with a worse
cardiomyopathy, and relapse is still a danger to the well-being of the
unborn child.

What is the current evidence for “full-recovery” prior to a post-
PPCM pregnancy?

Relapse of heart failure in a post-PPCM pregnancy may occur in any subse-
quent pregnancy; even when it appears that there has been “full recovery.”
We define “full recovery” as achievement of systolic heart function to LVEF
≥0.55. There is some evidence that achieving an LVEF ≥0.55 is associated
with fewer relapses than for those with LVEF ≥0.50 at the beginning of a
subsequent pregnancy [6, 13••, 18].

Other factors, however, are also important. Has there been a return
to normal when the remodeling process in recovery has returned to
the most pump-efficient ovoid shape compared with the pathologic
rounded shape of the left ventricle? Is there any diastolic dysfunction, a
common observation in the development of PPCM? Is there any per-
sistent left ventricular dyssynchrony, also a common finding in early
PPCM [19]?

Does the current LVEF depend upon a boost from angiotensin-converting
enzyme inhibitor (ACEI) and/or beta blocker (BB) medications? This may be
tested by gradual reduction of these medications, carefully observing the
LVEF. Slippage in the LVEF would constitute evidence that complete recovery
has not yet occurred. If there is a previous history of ventricular tachyar-
rhythmias, it is prudent to maintain some level of BB treatment “for life.”
Indeed, some cardiologists advocate BB treatment “for life” in all recovered
PPCM patients.

Table 2. Relapse of heart failure in post-PPCM pregnancy according to LVEF prior to onset subsequent
pregnancy

Baseline LVEF (n) Percentage with
relapse heart failure

Country Outcome comments

G0.45 10 66.7 Haiti a 1 death, 7/10 left with worse cardiomyopathy
0.45–0.49 8 37.5 USA b 4/8 returned to LVEF pre-subsequent pregnancy
0.50–0.54 6 33.3 USA b 5/6 LVEF ≥0.50 last echocardiography
≥0.55 26 23.1 USA b 22/26 LVEF ≥0.50 last echocardiography
≥ 0.55+CR 12 0c USA b All LVEF ≥0.50 last echocardiography

LVEF echocardiographic left ventricular ejection fraction, CR contractile reserve, with at least 10 % rise of LVEF from baseline resting to
target heart rate on exercise stress echocardiography [10].
aObserved through Peripartum Cardiomyopathy Project, Hospital Albert Schweitzer, Deschapelles, Haiti [6].
bObserved through internet support group, “A Mother’s Heart” [15].
cP factor G0.001 (Fisher exact) compared with LVEF ≥0.55 alone.
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Why then, do some mothers in a post-PPCM pregnancy relapse with heart
failure despite apparent recovery? The answer is almost certainly that they
had not actually achieved full recovery prior to the subsequent pregnancy.
That is the reason to pursue additional studies in order to try to better un-
derstand what “full recovery” means.

Does testing for contractile reserve of the LV provide addi-
tional evidence supporting “full recovery?”

Both exercise stress testing and dobutamine stress testing have been ad-
vocated to help assess ability to withstand the cardiac stresses of a
subsequent pregnancy [2, 6, 10, 19–22]. Dobutamine stress testing adds
an additional risk, although small, of adverse reactions. Exercise stress
testing has been steadily improving and does not entail any IV injec-
tions. If done, the information gained would seem to be limited to those
who have reached the LVEF ≥0.55 goal and who have not experienced
slippage with weaning off ACEI and BB. Continuation of BB, however, is
important for those with any history of ventricular tachyarrhythmias.
Table 2 shows the incidence of relapse in post-PPCM pregnancies de-
pending upon LVEF prior to subsequent pregnancy and impact of as-
sessment of contractile reserve.

With the increasing sophistication of exercise echocardiography, it seems
reasonable to use it for those who have recovered to LVEF 0.55 and have not
experienced deterioration after ACEI/angiotensin-receptor blocker (ARB)
treatment is gradually withdrawn. Identification of adequate contractile re-
serve can give additional information about level of recovery but cannot
provide any guarantees against potential relapse. Lack of adequate contractile
reserve would suggest the need for additional recovery before entering a
subsequent pregnancy.

Some advocate additional evaluation of peak CO/O2 consumption on ex-
ercise ergonomics as a measure of myocardial capacity and recovery [23].
Additional studies are needed in order to establish what represents “normal”
and “recovered” for those determinations. At this time, it is uncertain if this
type of testing adds helpful information.

What is the best way to monitor a post-PPCM pregnancy?

There is a very great advantage in monitoring a post-PPCM pregnancy
because the patient, her nurses, obstetricians, cardiologists, and primary
care givers are already aware of PPCM. With that possibility in mind, the
situation is so much easier to monitor. The tools that are available and
that have been demonstrated to be helpful are (1) physical examination,
(2) periodic self-test for quantification of potential signs and symptoms
of heart failure, (3) serial serum B-type natriuretic peptide levels, and (4)
periodic echocardiography, with emphasis on following LVEF [18, 23–
25, 26••]. If available, it is useful to have a perinatologist familiar with

354, Page 6 of 10 Curr Treat Options Cardio Med (2015) 17:354



the patient and available for consultation. We do not yet know if it
would be helpful to follow serum fms-like tyrosinekinase1 or soluble
vascular endothelial growth factor receptor-1 (sFLT1) levels during the
pregnancy; although that certainly may become a helpful tool for
monitoring the development of severe preeclampsia [27, 28]. It is im-
portant to stay alert for the possibility of late onset of heart failure for
several months postpartum.

Is there a role for prophylactic beta-blockade in a post-PPCM
pregnancy?

We do not know. This has never been subjected to clinical trials in a con-
trolled study. There are advocates for this approach; and there are those
cardiologists who recommend it. We are aware of those women in post-
PPCM pregnancies that have continued beta-blockade treatment throughout
their pregnancy. For most post-PPCM pregnancies in which the pregnancy
began with LVEF ≥0.50, there has been no relapse of heart failure; but in
some, approximately 10 % to 20 %, there has been a relapse. In those who
relapsed, did the presence of BB delay the recognition of that failure? In those
who relapsed, did the absence of BB make the relapse more likely? Again, we
do not know.

What is the best way to treat relapse of heart failure in a post-
PPCM pregnancy if it occurs?

If and when there is a relapse of heart failure in a post-PCM pregnancy,
the rate of progression of worsening cardiac function in a post-PPCM
pregnancy is unknown; it seems to be variable from rapid to slow, from
hours to days to weeks. Once identified, it is important to institute
treatment immediately, so as to prevent further deterioration. The treat-
ment of relapse of heart failure in a post-PPCM pregnancy is the same as
treatment of the initial episode of heart failure in PPCM, the safety of
medication varying if still ongoing pregnancy or breastfeeding [29, 30].
The adage is “follow the Guidelines.”

If the relapse is identified while still pregnant, diuretics and beta-
blockers can be safely used with tolerable dosages. On the other hand,
ACEI cannot be safely used while still pregnant. Instead, one can safely
use hydralazine during pregnancy. The Guidelines lists use of hydralazine
as “reasonable if cannot be given ACEI or angiotensin-receptor blockers
(ARB),” with “Level of Evidence C” (limited populations evaluated and
diverging expert opinion).

The combination of hydralazine+nitrates may have a synergistic ef-
fect. Hydralazine is an arterial dilator; nitrates are venous dilators. Hy-
dralazine prevents nitrate tolerance and has a strong antioxidant effect;
nitrates may blunt the tachycardia that may be seen with hydralazine.
Combination use results in increased cardiac output.
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Early identification of relapse of heart failure in a post-PPCM pregnancy,
permitting early institution of effective treatment is the primary reason why
outcomes are so much better than with a first episode of PPCM that has been
identified late [10, 25]. This generalization applies to post-PPCM pregnancies
that begin with recovered LVEF.

What is the best course to follow if an “unplanned pregnancy”
occurs and one is not yet recovered from previous PPCM?

PPCM mothers in the category of “unrecovered” are faced with a great
deal of uncertainty and anxiety when faced with this situation. They
wonder if it is safe for the unborn child and for them to continue the
pregnancy, and fear that their very survival may be in doubt. Some feel
that they could not accept a termination of pregnancy. Currently, we
cannot identify a lower level of heart function that would define the
difference between survival and nonsurvival (Table 2.) Earlier observa-
tions suggest that nonischemic cardiomyopathies other than PPCM may
tolerate pregnancy better than PPCM [31].

Is one relapse of heart failure in a post-PPCM pregnancy
a contraindication to another post-PPCM pregnancy?

We do not know the answer to this question. There have been multiple
successful subsequent pregnancies without relapse. There have been relapses
on the second subsequent pregnancy, but not in the first. There have been
relapses in the first subsequent pregnancy, but not in the second. The most
important determining factors in more than one subsequent pregnancy are
the same features defining full recovery before another pregnancy as with the
first post-PPCM pregnancy.

Conclusions

If one defines “recovery” from PPCM as having heart function LVEF
≥0.50, then the majority of women who have a subsequent pregnancy
will not experience a relapse of heart failure. But that is no guarantee.
Some will experience a decrease in systolic heart function, a relapse of
heart failure. We cannot yet with certainty identify those in this “recov-
ered” category who will relapse. But there have been sufficient observa-
tions to know that when the subsequent pregnancy begins with LVEF
≥0.50, and is monitored closely, when and if a relapse begins, the
treatment is effective with improved outcomes for both mother and
baby. We encourage a prospective multicenter study of post-PPCM
pregnancies in order to fill the knowledge gaps existing for the unan-
swered questions about risk for relapse.
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