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Abstract

Introduction: We aim to determine the pregnancy and cardiovascular outcomes of
subsequent pregnancies following a previous diagnosis of peripartum cardiomyopathy.
Material and Methods: Medline, Embase, CINAHL, and Web of Science were searched
from inception to November 2023. Primary research studies of any design providing
data for any of our outcomes of interest with greater than five subsequent pregnan-
cies were eligible for inclusion. Primary outcomes included relapse of cardiac fail-
ure in the first subsequent pregnancy and death during any subsequent pregnancy.
Secondary outcomes included a range of maternal and fetal outcomes. Proportional
meta-analysis, applying a random effects model, was performed using R software.
Results: Twenty-nine studies involving 779 women were included, performed across
13 countries. The risk of relapse of cardiac failure in the first subsequent pregnancy
(20 studies, 376 women) was 32%, 95% confidence interval [Cl] 0.23-0.43. In those
with recovered (11 studies, 123 pregnancies) and non-recovered (10 studies, 55 preg-
nancies) cardiac function at subsequent pregnancy outset, the risk of cardiac failure
relapse was 24%, 95% Cl 0.16-0.35 and 36%, 95% Cl 0.24-0.50, respectively. There
was a high chance of preterm birth <37 weeks (12 studies, 212 pregnancies) at 22%,
95% Cl 0.17-0.29.

Conclusions: Subsequent pregnancy after peripartum cardiomyopathy presents sig-
nificant maternal and fetal risks. This study provides quantification of risks to begin
to fill the current evidence gap, however is limited by the paucity of existing primary
research investigating this population. Robust observational studies of current prac-

tice are needed to provide answers in specific populations.
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1 | INTRODUCTION

Peripartum cardiomyopathy is a rare complication of pregnancy that
can be life-threatening. It is a diagnosis of exclusion and is defined
as cardiomyopathy which presents with left ventricular systolic dys-
function towards the end of pregnancy or postpartum, where no al-
ternative cause is established.? The left ventricle may or may not be
dilated, however the ejection fraction is nearly always under 45%.
Estimates on the prevalence of peripartum cardiomyopathy vary
significantly across studies and populations, with incidence in the
United States and Scotland estimated at one in 968 and one in 4950
births, respectively.?® Well-established risk factors include pre-
existing or pregnancy-related hypertensive disorders, African eth-
nicity, obesity, and diabetes.®* Genetic factors are also implicated,
with an increased awareness of these in recent years and a notable
overlap in variants associated with other types of cardiomyopathy.>®

Women who have experienced peripartum cardiomyopathy in an
index pregnancy often express concerns about the safety of a subse-
guent pregnancy, both in terms of maternal and fetal risks. While there
are existing cohorts documenting the outcomes of subsequent preg-
nancies, these are few and mostly include small numbers of women.
In the absence of robust data, consultations will often rely on special-
ist expertise and experience, or very limited evidence. It is imperative
that women are provided with the best possible information in order
to make informed decisions about future pregnancies. Consideration
must also be given on how best to individualize these risks; to take into
account the woman's health prior to, or at the beginning of the subse-
quent pregnancy. Recovery from peripartum cardiomyopathy after the
index pregnancy is highly variable, with some women demonstrating a
full recovery of their ejection fraction, others maintaining a stable but
reduced ejection fraction and a proportion of women progressing to
be listed for cardiac transplant or dying from cardiac complications.”
The impact of cardiac recovery status on outcomes in subsequent
pregnancies is therefore imperative to consider.

One existing systematic review on this subject provides a mostly
narrative synthesis on a subset of published studies, however nota-
bly pregnancy outcomes are lacking and there is a paucity of appro-
priate meta-analysis.®2 We therefore aim to provide a comprehensive
systematic review, including all available studies with a wide range of
both maternal and fetal outcomes.

The objective of this systematic review and meta-analysis is to
determine the risk of adverse maternal, fetal, and cardiovascular
outcomes in subsequent pregnancies after an index pregnancy com-

plicated by peripartum cardiomyopathy.

2 | MATERIAL AND METHODS
2.1 | Registration

This systematic review and meta-analysis were prospectively regis-
tered on PROSPERO: CRD42023481440.

Key message

There is a lack of evidence exploring subsequent preg-
nancy outcomes after a previous pregnancy complicated
by peripartum cardiomyopathy. In subsequent pregnancy,
our meta-analysis demonstrates a 32% risk of cardiac fail-

ure relapse.

2.2 | Eligibility criteria and outcomes

Primary research studies of any design providing data for any of our
specified outcomes with greater than five subsequent pregnancies
were eligible for inclusion. To determine a prior diagnosis of peri-
partum cardiomyopathy, studies were included where the authors
stated the diagnosis as peripartum cardiomyopathy and/or where
congestive cardiac failure occurred in the latter stages of pregnancy
or postpartum, without any pre-existing cardiac disease and with-
out cardiac failure found to be of any other cause. Where a cohort
that was likely the same or overlapping appeared in more than one
study, only the most complete dataset was used for each outcome
to avoid potential duplication. Studies published at any time point,
undertaken in any country and in any language were eligible for
inclusion. Studies were excluded if there were five or fewer sub-
sequent pregnancies after removal of pregnancies clearly resulting
in miscarriage or termination. Studies were excluded if they only in-
cluded women who had a relapse of peripartum cardiomyopathy in
a subsequent pregnancy (and those who did not experience relapse
were excluded from outset). Where the study was only published in
abstract format and was not available as a full text then the study
was excluded.

Primary outcomes were relapse of cardiac failure in the first
subsequent pregnancy and death during any subsequent preg-
nancy (limited to the time during a subsequent pregnancy and not
after birth). Secondary outcomes included relapse of cardiac fail-
ure in the first subsequent pregnancy in those with recovered and
non-recovered cardiac function at outset, death overall and by
recovered and non-recovered cardiac function at outset, need for
cardiac transplant, postpartum hemorrhage, pregnancy-induced
hypertension, pre-eclampsia, hypertensive disorder composite
(to include pregnancy-induced hypertension and pre-eclampsia),
preterm birth <37 weeks, preterm birth <34 weeks, preterm birth
<28 weeks, stillbirth, neonatal death, fetal growth restriction or
growth <3rd centile, small for gestational age or growth <10th
centile, birthweight and gestational age at birth. Outcomes and
determination of recovery versus non-recovery of cardiac func-
tion prior to pregnancy were as defined by the authors of the
primary studies. Definitions used by study authors of peripartum
cardiomyopathy and of recovered versus non-recovered cardiac

status were recorded in the study characteristics table (Table 1).
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Subgroup analyses for primary outcomes were performed by
countries' World Bank income level which categorizes countries as
low income, lower-middle income, upper-middle income, or high
income.” Where a study was conducted in more than one coun-
try, the World Bank income level used for subgroup analysis was
determined by the country with the lowest classification. Where
possible, the pregnancies resulting in miscarriage or termination

were removed from outcome data.

2.3 | Information sources

Medline, Embase, Web of Science, and CINAHL were searched from
inception until November 2023, and hand-searching of included
studies was undertaken. Authors were contacted for more informa-

tion where required.

2.4 | Search strategy

The systematic search included terms such as cardiomyopa-
thy AND pregnancy OR peripartum cardiomyopathy OR PPCM.
Searches were adapted according to the requirements of each da-
tabase. Detailed search strategies for each database can be found
in Appendix S1. Citations retrieved from these searches were up-
loaded into Covidence software. Two independent reviewers (RM,
JLV, or HA) reviewed each title and abstract for inclusion with dis-
crepancies solved by consensus of reviewers. Full texts were then
retrieved for citations deemed potentially relevant. Full texts were
each screened by two independent reviewers (RM, JLV, or HA) with
discrepancies solved by consensus of reviewers. Digital translation
software was used to determine the eligibility of studies published

in a non-English language.

2.5 | Data extraction

Data were extracted into a pre-designed Microsoft Excel spread-
sheet by two reviewers (RM, JH, or HA) independently for each
study, with disagreements solved by consensus.

Number of pregnancies or babies comprised the denominator
for all outcomes, apart from death and need for cardiac transplant,
where the denominator was the number of women. For the pri-
mary outcome of cardiac failure relapse, we included only studies
where the outcome for the first subsequent pregnancy could be
separated from any further pregnancies, and only this first sub-
sequent pregnancy data was used in the analysis. This avoided
the interaction in the likelihood of outcome occurrence when
one woman had more than one subsequent pregnancy and meant
that each pregnancy outcome could be seen as an independent
event, giving a more accurate estimation of risk for this outcome.
All other outcomes were reported from all recorded subsequent
pregnancy data.

2.6 | Assessment of risk of bias

The Joanna Briggs Institute tool for case series risk of bias assess-
ment was used to examine the included studies, as its facets were
found to be of most relevance to the included studies.®? Risk of bias
was assessed by two reviewers independently (RM, MY). Where the
answer ‘yes’ was given to less than 50% of the facets within the tool,

the study was classified as a high risk of bias.

2.7 | Data synthesis

Data were synthesized using R software version 4.3.0 and RStudio.
Proportional data were meta-analyzed with the meta package, using
the metaprop command. A logit transformation of data was per-
formed and the meta-analysis was undertaken in a random effects
model, as there was significant clinical heterogeneity evident be-
tween studies. Where appropriate data were meta-analyzed to give
pooled proportions with 95% confidence intervals. A continuity cor-
rection of 0.5 was applied in studies with zero cell frequencies. The
12 statistic was used to assess statistical heterogeneity. As there are
established problems with proportional meta-analysis transforma-
tion models where proportions are close to zero, for outcomes where
270% of studies recorded zero events, a decision was made not to
undertake meta-analysis but to present the results narratively.*°-4?
Continuous data were meta-analyzed using the metamean command.
Studies were included where means and SDs were available or could
be computed. Log transformed means were used to calculate a pooled

mean, alongside a 95% confidence interval, in a random effects model.

3 | RESULTS

Twenty-nine studies were included in the analysis. In total, these
studies involved 779 women with subsequent pregnancy after peri-

partum cardiomyopathy.}0-38

3.1 | Study selection

The PRISMA flow diagram can be seen in Figure 1. We screened
8430 titles and abstracts after removal of duplicates. We sought full
texts for 450 articles, and of these, 29 were included in our review.
Two additional studies fitted the inclusion criteria, however the co-
horts were post hoc deemed to be too dated to provide informa-
tion relevant to the current clinical landscape and therefore were

excluded from analysis.*344

3.2 | Study characteristics

Of the 29 articles included, studies were conducted in 13 coun-
tries including the United States (12 studies), Brazil (three studies),
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Studies from databases/registers (n = 13260)
Embase (n = 5640)
Web of Science (n =3645)
MEDLINE (n = 3000)
CINAHL (n=973)
Citation searching (n =2)
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References removed (n = 4830)
Duplicates identified manually (n = 207)
Duplicates identified by Covidence (n = 4623)

A 4

Studies screened (n = 8430)

=>| Studies excluded (n = 7980)

v

Studies sought for retrieval (n = 450)

v

Screening

Studies assessed for eligibility (n = 450)

> Studies excluded (n = 421)

Studies included in review (n = 29)

FIGURE 1 Study flow diagram.

South Africa (three studies), India (two studies), Haiti (two stud-
ies), Germany (two studies), and the UK (two studies). There was
one study conducted in each of Australia, Nigeria, Denmark, Israel,
Pakistan, and Burkina Faso. Four studies were conducted across
more than one country. In 15 studies, the data provided on a subse-
qguent pregnancy was a small subset of data, with the primary focus

Poster (n=1)

Case report (n = 23)

No data for subsequent pregnancy (n =242)

Wrong outcomes (n = 3)

Duplicated data (n = 6)

Editorial/review (n = 29)

Unable to retrieve (n=9)

Wrong study design (n =2)

Letter without data (n = 8)

Wrong patient population (n = 35)

Unable to digitally translate (n = 24)

Subgroup have subsequent pregnancy but 5 or
under (n = 15)

Case series with 5 or less patients (n=9)

Abstract version of full text (duplicate data) (n = 6)

Data too out-dated to be relevant (n=2)

Abstract only (n=7)

of the study being on initial outcomes within the index peripartum
cardiomyopathy pregnancy. In one study, the primary results were
from an animal study with a subset of data then provided on subse-
quent pregnancy outcomes of women where peripartum cardiomyo-
pathy was diagnosed in a previous pregnancy. Study characteristics
can be found in Table 1.
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Risk of bias of included studies

33 |

Using the Joanna Briggs Institute risk of bias tool,%’ five of 29 stud-
ies had a high risk of bias (<50% of ‘yes’ answers to each facet within
the tool). Eighteen studies did not clearly utilize consecutive inclu-
sion of participants. Ten studies did not have clear reporting of the
demographics of the participants in the study, which was often the
case where studies included subsequent pregnancy outcomes as a
secondary analysis of index peripartum cardiomyopathy pregnancy
outcomes. Our risk of bias assessments for each study can be found
in Table S2.

3.4 | Synthesis of results

3.4.1 | Primary outcomes

For the primary outcome of relapse of cardiac failure in the first
subsequent pregnancy after peripartum cardiomyopathy, 20 studies
with 376 women were included in the analysis. The risk of relapse of
cardiac failure was 32%, with a 95% confidence interval (Cl) 0.23-
0.43, 1?=63% (Figure 2). For the risk of death during the course of all
subsequent pregnancies (not including the postpartum period), 22
studies with 437 women were included in the analysis. The majority

(82%) of studies reporting the risk of death during subsequent preg-
nancies had zero events, and so meta-analysis was not undertaken
for this outcome. There were eight deaths in 437 women (1.8%)

across the included studies (Figure 3).

3.4.2 | Secondary outcomes

Maternal outcomes

For the outcome of relapse of cardiac failure in the first subsequent
pregnancy in those with recovered (11 studies, 123 pregnancies)
and non-recovered (10 studies, 55 pregnancies) cardiac function,
the risks were 24%, 95% Cl 0.16-0.35, 1>=39% and 36%, 95% ClI
0.24-0.50, I?°=0%, respectively. Most commonly, authors used a
definition of recovered cardiac function to be an ejection fraction
over 45%-55% at pregnancy outset (see Table 1). For the outcome
of death during or after subsequent pregnancy, we were unable to
create a pooled estimate as studies followed up women for differ-
ent amounts of time post-delivery, with most studies not providing
the total length of follow-up. Forest plots are therefore included
(Figures 4-6) to provide a graphical display of study results for the
outcome of death and death by recovered and non-recovered cardiac
function at pregnancy outset, without a pooled estimate. The risk of
being listed for cardiac transplant during a subsequent pregnancy

Study Events Total Proportion 95%-Cl Weight
Albanesi Filho 1999 2 12 —'—— 0.17 [0.02;0.48] 4.6%
Avila 2002 4 18 —H—F— 0.22 [0.06;0.48] 6.0%
Chapa 2005 4 6 0.67 [0.22;0.96] 4.1%
Codsi 2018 7 20 — 0.35 [0.15;0.59] 6.8%
De Souza 2001 0 e 0.00 [0.00;0.41] 2.0%
Elkayam 2001 8 35 — 0.23 [0.10;0.40] 7.3%
Fett 2010 17 56 = 0.30 [0.19;0.44] 8.1%
Fett 2003 6 8 0.75 [0.35;0.97] 4.3%
Goland 2022 4 45 B— | 0.09 [0.02;0.21] 6.3%
Guldbrandt Hauge 2017 1 7 0.14 [0.00;0.58] 3.1%
Habli 2008 6 21 — s 0.29 [0.11;0.52] 6.6%
Ma'ayeh 2022 5 18 —H—ro 0.28 [0.10;0.53] 6.3%
Mandal 2011 3 6 0.50 [0.12;0.88] 4.3%
Moulig 2019 0 14— 0.00 [0.00;0.23] 2.0%
Pachariyanon 2023 12 45 —— 0.27 [0.15;0.42] 7.8%
Rajan 2023 0 9 0.00 [0.00;0.34] 2.0%
Shah 2012 3 8 0.38 [0.09;0.76] 4.9%
Sliwa 2004 6 6 ——— 1.00 [0.54;1.00] 2.0%
Witlin 1997 4 6 0.67 [0.22;0.96] 4.1%
Yameogo 2018 19 29 — 0.66 [0.46;0.82] 7.4%
Random effects model 111 376 < 0.32 [0.23; 0.43] 100.0%
Heterogeneity: 1° = 63%, 1 = 0.5851, p <001 | ! ! ! !
0 02 04 06 038 1

FIGURE 2 Risk of recurrence of cardiac failure in first subsequent pregnancy. Forest plot shows risk of recurrence of cardiac failure in the
first subsequent pregnancy after an initial peripartum cardiomyopathy pregnancy. Cl, confidence interval.
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Study Events Total Proportion 95%-ClI
Avila 2002 0 18 /—— 0.00 [0.00; 0.19]
Albenesi Filho 1999 0 12— 0.00 [0.00; 0.26]
Chapa 2005 0 6+ 0.00 [0.00; 0.46]
Codsi 2018 0 20— 0.00 [0.00; 0.17]
De Souza 2001 0 7+ 0.00 [0.00; 0.41]
Douglass 2021 0 23— 0.00 [0.00; 0.15]
Elkayam 2001 0 35— 0.00 [0.00; 0.10]
Fett 2010 0 56+ 0.00 [0.00; 0.06]
Fett 2003 0 8+ 0.00 [0.00; 0.37]
Goland 2022 0 45— 0.00 [0.00; 0.08]
Guldbrandt Hauge 2017 0 7 0.00 [0.00; 0.41]
Habli 2008 0 21 0.00 [0.00; 0.16]
Hilfiker-Kleiner 2017 1 31 =— 0.03 [0.00; 0.17]
Mandal 2011 1 6 : 0.17 [0.00; 0.64]
Mishra 2006 2 9 0.22 [0.03; 0.60]
Ormesher 2023 0 36— 0.00 [0.00; 0.10]
Pachariyanon 2023 0 45— 0.00 [0.00; 0.08]
Rajan 2023 0 9 0.00 [0.00; 0.34]
Shah 2012 0 8+ 0.00 [0.00; 0.37]
Sliwa 2004 0 6+ 0.00 [0.00; 0.46]
Witlin 1997 0 6 0.00 [0.00; 0.46]
Yameogo 2018 4 23 0.17 [0.05; 0.39]
8 437! [ [ I [ I I

0 01 02 03 04 05 06

FIGURE 3 Risk of death during the course of subsequent pregnancy. Forest plot shows risk of death during the course of subsequent
pregnancy after an initial peripartum cardiomyopathy pregnancy. Cl, confidence interval.

was only clearly recorded in three small studies (43 women) with a
pooled risk of 10%, 95% Cl 0.04-0.23, >=0%.

The risk of postpartum hemorrhage in a subsequent pregnancy
(three studies, 64 pregnancies) was 17%, 95% C1 0.06-0.39, 1>=56%.
For the outcomes of pregnancy-induced hypertension (three stud-
ies, 46 pregnancies), pre-eclampsia (seven studies, 132 pregnancies)
and hypertensive disorder composite (six studies, 160 pregnancies),
the risks of developing these during a subsequent pregnancy were
8%, 95% Cl 0.03-0.20, I>=0%; 7%, 95% Cl 0.03-0.17, I>=17% and
12%, 95% Cl 0.06-0.22, I>=47%, respectively.

Fetal and neonatal outcomes

The risk of preterm birth in a subsequent pregnancy at <37 weeks
(12 studies, 212 pregnancies) and <34weeks (nine studies, 132
pregnancies) was 22%, 95% Cl 0.17-0.29, 1?=5% and 8%, 95% ClI
0.04-0.15, 1>=0%, respectively. The majority (78%) of studies re-
porting the risk of preterm birth <28weeks had zero events, and
so meta-analysis was not undertaken for this outcome. There were
two events of preterm birth <28 weeks in 132 pregnancies (1.5%),
across the nine studies included. Risks of stillbirth in a subsequent
pregnancy (14 studies, 368 babies) or neonatal death (six studies,
143 babies) were not meta-analyzed for the same reason, however

there were three stillbirths in 368 babies (0.8%) and four neonatal
deaths in 143 babies (2.8%).

For the outcome of fetal growth restriction (five studies, 110 ba-
bies), the risk in a subsequent pregnancy was 9%, 95% ClI 0.04-0.18,
1?=0%. For the outcome of small for gestational age, meta-analysis was
not performed as only two studies explicitly recorded this outcome,
with eight events recorded in 46 babies (17.4%). For the outcome of
birthweight among all subsequent pregnancies (six studies, 153 ba-
bies), the mean birthweight was 2921g, 95% Cl 2634-3240g, ?=93%.
The mean gestational age at birth for all subsequent pregnancies (six
studies, 143 pregnancies) was 38.0weeks, 95% Cl 37.6-38.4weeks,
1?=29%. Forest plots for secondary outcomes not included in the main

body of this review can be found in Appendix S3.

3.4.3 | Subgroup analyses

For the primary outcome of relapse of cardiac failure in the first sub-
sequent pregnancy, this was analyzed according to the World Bank
Income Level of the country in which each study was conducted.
Nine studies for this outcome were conducted in a high-income set-
ting (182 women), five in an upper-middle income setting (78 women),
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Study Events Total Proportion 95%-Cl
Avila 2002 1 18 ——mm 0.06 [0.00; 0.27]
Albenesi Filho 1999 1 12 0.08 [0.00; 0.38]
Chapa 2005 0 6 0.00 [0.00; 0.46]
Codsi 2018 0 20— 0.00 [0.00; 0.17]
De Souza 2001 0 7+ 0.00 [0.00; 0.41]
Douglass 2021 0 23— 0.00 [0.00; 0.15]
Elkayam 2001 3 35 ——— 0.09 [0.02; 0.23]
Fett 2010 1 56 +— 0.02 [0.00; 0.10]
Fett 2003 2 8 0.25 [0.03; 0.65]
Ford 1998 69 171 == 0.40 [0.33; 0.48]
Goland 2022 0 45— 0.00 [0.00; 0.08]
Guldbrandt Hauge 2017 0 7 0.00 [0.00; 0.41]
Habli 2008 0 21— 0.00 [0.00; 0.16]
Hilfiker-Kleiner 2007 3 12 0.25 [0.05; 0.57]
Hilfiker-Kleiner 2017 4 31 —— 0.13 [0.04; 0.30]
Mandal 2011 1 6 0.17 [0.00; 0.64]
Mishra 2006 5 9 0.56 [0.21; 0.86]
Ormesher 2023 0 36— 0.00 [0.00; 0.10]
Pachariyanon 2023 9 45 —— 0.20 [0.10; 0.35]
Pillarisetti 2014 4 35 ——— 0.11 [0.03; 0.27]
Rajan 2023 0 9 0.00 [0.00; 0.34]
Shah 2012 0 g—m 0.00 [0.00; 0.37]
Sliwa 2004 2 6 0.33 [0.04; 0.78]
Witlin 1997 1 6 0.17 [0.00; 0.64]
Yameogo 2018 10 23 | I - I I 0.43 [0.23; 0.66]
0 0.2 0.4 0.6 0.8

FIGURE 4 Risk of death at any time point during or after subsequent pregnancy. Forest plot shows the risk of death at any time point
during or after subsequent pregnancy in women with previous peripartum cardiomyopathy. Cl, confidence interval.

five in a lower-middle income setting (87 women), and one in a low-
income setting (29 women). For high, upper-middle, lower-middle,
and low-income countries, respectively, the risk of cardiac failure re-
lapse in the first subsequent pregnancy was 27%, 95% CI 0.17-0.41;
23%, 95% Cl 0.15-0.35; 39%, 95% Cl 0.22-0.59; and 66%, 95% Cl
0.46-0.82 (p=<0.01 for subgroup differences) (Figure 7).

4 | DISCUSSION

Here we provide a summary of existing studies that provide data
on outcomes in subsequent pregnancies, following a diagnosis of
peripartum cardiomyopathy in an index pregnancy. This provides
evidence on which to base information given to women and to sub-
sequently direct counseling and advice. Notably, the risk overall
of a relapse in the first subsequent pregnancy was pooled at 32%,

with this figure increasing to 36% where cardiac function has not

recovered at the outset of the subsequent pregnancy and reducing
to 24% where cardiac function has recovered. Risks clearly remain
high for both groups, however considering differences in outcome
with varying cardiac function at subsequent pregnancy outset may
help with individualizing discussions. While the meta-analysis of
mortality data was limited by the fact that most authors did not re-
port the length of follow-up for their cohort, just during the course
of a subsequent pregnancy, there were eight deaths among 437
women. In individual studies recording death at any time point dur-
ing or after the subsequent pregnancy, the risk of death during the
study period ranged greatly, from 0% to 56% of the cohort.*>%’
While this study clearly highlights the substantial maternal risks,
it is also vital women are provided with information on the likeli-
hood of an adverse fetal outcome with a subsequent pregnancy.
Although we could not distinguish between spontaneous and iatro-
genic preterm birth, which would be imperative for any future ob-

servational studies to record, rates of preterm birth were high within
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Study

Avila 2002

Albenesi Filho 1999
Chapa 2005

Codsi 2019
Douglass 2021
Elkayam 2001

Fett 2010

Goland 2022
Guldbrandt Hauge 2017
Hilfiker-Kleiner 2007
Hilfiker-Kleiner 2017
Mandal 2011
Pachariyanon 2023
Rajan 2023

Sliwa 2004
Yameogo 2019
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12

18 #—

5

30 —m—

7

2

13

[
0 0.2 0.4

I
0.6

I
0.8

Proportion

95%-ClI

0.00 [0.00; 0.41]
0.00 [0.00; 0.46]
0.00 [0.00; 0.60]
0.00 [0.00; 0.18]
0.00 [0.00; 0.15]
0.00 [0.00; 0.15]
0.00 [0.00; 0.12]
0.00 [0.00; 0.11]
0.00 [0.00; 0.46]
0.25 [0.05; 0.57]
0.00 [0.00; 0.19]
0.00 [0.00; 0.52]
0.20 [0.08; 0.39]
0.00 [0.00; 0.41]
0.00 [0.00; 0.84]
0.38 [0.14; 0.68]

FIGURE 5 Risk of death at any time point during or after subsequent pregnancy with recovered cardiac function at pregnancy outset.
Forest plot shows risk of death at any time point during or after subsequent pregnancy in women with previous peripartum cardiomyopathy,
with recovered cardiac function at pregnancy outset. Cl, confidence interval.

Study

Avila 2002

Albenesi Filho 1999
Chapa 2005

Codsi 2019

Elkayam 2001

Fett 2010

Goland 2022
Guldbrandt Hauge 2017
Hilfiker-Kleiner 2017
Mandal 2011
Ormesher 2023
Pachariyanon 2023
Rajan 2023

Sliwa 2004
Yameogo 2019
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Events Total
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1
36 =
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0.6

I
0.8

|
1

Proportion

95%-ClI

0.09 [0.00; 0.41]
0.17 [0.00; 0.64]
0.00 [0.00; 0.84]
0.00 [0.00; 0.97]
0.25 [0.05; 0.57]
0.04 [0.00; 0.20]
0.00 [0.00; 0.26]
0.00 [0.00: 0.97]
0.25 [0.07: 0.52]
1.00 [0.02; 1.00]
0.00 [0.00; 0.10]
0.20 [0.04; 0.48]
0.00 [0.00: 0.84]
0.50 [0.07; 0.93]
0.56 [0.30; 0.80]

FIGURE 6 Risk of death at any time point during or after subsequent pregnancy with non-recovered cardiac function at pregnancy
outset. Forest plot shows risk of death at any time point during or after subsequent pregnancy in women with previous peripartum

cardiomyopathy, with non-recovered cardiac function at pregnancy outset. Cl, confidence interval.
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Study

Events Total Proportion 95%-Cl Weight
Albanesi Filho 1999 2 12 ——'-—— 0.17 [0.02;0.48] 4.6%
Avila 2002 4 18 —— 0.22 [0.06;0.48] 6.0%
De Souza 2001 0 [ 0.00 [0.00;0.41] 2.0%
Elkayam 2001 8 35 —a 0.23 [0.10;040] 7.3%
Sliwa 2004 6 6 : _— 1.00 [0.54;1.00] 2.0%
Chapa 2005 4 6 0.67 [0.22;0.96] 4.1%
Codsi 2018 7 20 - E— 0.35 [0.15;0.59] 6.8%
Goland 2022 4 45 —— 0.09 [0.02;0.21] 6.3%
Guldbrandt Hauge 2017 1 7 0.14 [0.00;0.58] 3.1%
Habli 2008 6 21 — s 0.29 [0.11;0.52] 6.6%
Ma'ayeh 2022 5 18 B a— 0.28 [0.10;0.53] 6.3%
Moulig 2019 0 14— 0.00 [0.00:0.23] 2.0%
Pachariyanon 2023 12 45  —B— 0.27 [0.15:0.42] 7.8%
Witlin 1997 4 6 : 0.67 [0.22;0.96] 4.1%
Fett 2010 17 56 —'— 0.30 [0.19;0.44] 8.1%
Fett 2003 6 8 ; 0.75 [0.35;0.97] 4.3%
Mandal 2011 3 6 0.50 [0.12;0.88] 4.3%
Rajan 2023 0 9F—— 0.00 [0.00;0.34] 2.0%
Shah 2012 3 8 — 0.38 [0.09;0.76] 4.9%
Yameogo 2018 19 29 —_— 0.66 [0.46;0.82] 7.4%
Random effects model 111 376 T 0.32 [0.23; 0.43] 100.0%
Heterogeneity: 12 = 63%, 12 = 0.5851, p <001 ! ! ! ! !
Test for subgroup differences: Xg =1572,df=3(p<0.01) 0 02 04 06 0.8 1

FIGURE 7 Risk of recurrence of cardiac failure in the first subsequent pregnancy with studies in subgroups by World Bank Income
Status. Forest plot shows risk of recurrence of cardiac failure in the first subsequent pregnancy after an initial peripartum cardiomyopathy
pregnancy, with subgroups by World Bank Income status of the country in which the study was conducted. Cl, confidence interval.

these cohorts. Our results demonstrate an 8% risk of preterm birth
<34 weeks—given the established higher burden of morbidity and
mortality in this group, this is an important finding for women and
clinicians to be aware of *>#¢

Disparate outcomes for women, depending on the income sta-
tus of their country, highlight the stark healthcare inequalities that
are faced globally. While we were only able to include data from
one low-income country, Burkina Faso, the outcomes were excep-
tionally poor in this study.38 A significant limitation of this study
was that it only included women who presented to hospital at any
point during their subsequent pregnancy and, as authors speculate,

there may have been women with a previous diagnosis of peripar-
tum cardiomyopathy with uneventful subsequent pregnancies, who
consequently did not present to hospital during their pregnancy or
labor. While being mindful of its limitations, it was important to
include this study in order to provide a global perspective on sub-
sequent pregnancy outcomes after peripartum cardiomyopathy. As
we were only able to include data from one low-income country,
further caution must be taken in the interpretation of the results
from this subgroup—it is likely that the estimate may be different if
there were studies from an increasing number of low-income coun-

tries eligible for inclusion.
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By searching multiple databases with broad search terms and
no limitations on study language, this systematic review provides an
up-to-date, comprehensive summary of existing evidence for sub-
sequent pregnancy outcomes after peripartum cardiomyopathy. To
our knowledge, there is only one existing systematic review on this
subject, which includes 18 studies, with meta-analysis restricted to
pairwise data and limited outcomes included.® As well as the addi-
tional published data we included in our review in comparison to
the existing systematic review, we also include a subset of peripar-
tum cardiomyopathy data from the retrospective cohort study by
Ormesher et al.; a study which determined the prevalence of pre-
eclampsia and other adverse pregnancy outcomes among women
with known cardiomyopathy in the UK and Australia.?’ The out-
comes for just those women with peripartum cardiomyopathy are
not available in the original study, however we were able to obtain
this data for our systematic review through contacting the study
authors. We therefore build significantly on the previous review by
providing both increased breadth and depth to the current knowl-
edge base and helping to fill an evidence gap that is highlighted in
the 2018 European Society of Cardiology (ESC) Guidelines on car-
diovascular disease in pregnancy.47 We included a broad range of
maternal and fetal outcomes, most of which were not included in the
existing review, aiming to encompass outcomes important to both
women and clinicians.

The aim of subgroup analysis by country income status was to
provide population-specific outcome data. Given the paucity of low-
income country studies, caution must be taken in the interpretation
of the results—as there were small numbers of studies and women
eligible for inclusion from the outset, statistical power may not be
optimal to find truly significant differences between groups. Analysis
of the recurrence of cardiac failure in the subsequent pregnancy,
based on recovered and non-recovered cardiac function at the out-
set of the subsequent pregnancy, also provides useful outcome data
to provide a more accurate estimation of risk to an individual.

This systematic review and meta-analysis were limited by re-
porting in primary studies. While we attempted to remove outcome
data from women who underwent a termination of pregnancy or a
miscarriage during their subsequent pregnancy, some studies did not
document whether any of their cohort underwent a termination of
pregnancy or miscarriage, or the data could not be separated. This
is an important caveat when interpreting and applying the results
of this study, as there may be slight variations in the true risks as-
sociated with subsequent pregnancies. The decision to exclude
miscarriage as an outcome and where possible not to include this
group of women in analysis was to avoid an underestimation of risks
for women who have ongoing pregnancies. However, consideration
must be given to the fact that a continuum exists whereby the eti-
ology underlying a late miscarriage may be similar to that of an ex-
treme preterm birth,*® with potentially relevant information being
omitted from this systematic review by excluding the former group.

The definitions used by authors to determine an initial diagno-
sis of peripartum cardiomyopathy also varied somewhat between
studies, as did definitions of relapse in the subsequent pregnancy.

These different definitions are recorded in our study characteristics
table for clarity. Additionally, the definitions of secondary outcomes
varied between authors, and for many of the outcomes, including
postpartum hemorrhage, pre-eclampsia, and pregnancy-induced
hypertension, the majority of included studies did not provide defi-
nitions, limiting the applicability of our findings. For many of the
secondary outcomes, there were few studies eligible for inclusion,
limiting the precision of pooled estimates. Even where a larger
number of studies were available for an outcome, the numbers of
women included in these studies were mostly small, further limiting
the precision of estimates and the generalizability of our findings.
Furthermore, while two very dated studies were excluded post hoc
that met the original inclusion criteria, there remain limited cohorts
providing truly contemporary data, and therefore, this must be
taken into account when interpreting and applying the results of this
review. Over time, there have been significant changes to patient
demographics, diagnosis, and management of peripartum cardiomy-
opathy, and so outcomes are likely to change over time as a reflec-
tion of this.

There is also the potential for both publication and reporting bias
in the included studies. Where potential authors have a cohort with
poor outcomes, it is possible they may be less likely to publish and
publicize those outcomes. In contrast, the opposite may be true in
that where women have positive outcomes in subsequent pregnan-
cies, this may not have been deemed significant and therefore not
recorded or published. Many of the included patient series are small
and there is the potential that if an outcome did not occur, then au-
thors did not report it in their published work, therefore leading to
an artificial over-inflation of risks. It must also be considered that our
results are based on women who became pregnant and continued
their pregnancy after an initial peripartum cardiomyopathy diagno-
sis—women with more severe disease may be less likely to become
pregnant again or to continue the pregnancy. In women with more
severe disease, it is therefore harder to ascertain the true risks, as
numbers pursuing another pregnancy are smaller. The existing ESC
guideline for the management of cardiovascular diseases during
pregnancy states that where ejection fraction has not recovered
to >50%-55%, a subsequent pregnancy should be discouraged in
women with peripartum cardiomyopathy diagnosed in a previous
pregnancy.47 While the findings of this review are in keeping with
this, as we found a higher risk in those with non-recovered cardiac
function, we also find a significant risk of relapse in those with re-
covered cardiac function.

5 | CONCLUSION

Subsequent pregnancy after peripartum cardiomyopathy poses sig-
nificant maternal and fetal risks, with this study providing quantifica-
tion of key outcomes. There is a notable lack of published studies on
this subject from countries outside the United States. We are aware
of the ongoing UKOSS (UK Obstetric Surveillance System) study, ex-
ploring the outcomes of women in subsequent pregnancies with a
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prior cardiomyopathy diagnosis, which may help to provide more UK
data. Increasing the number of robust published studies on this sub-
ject with clearly defined outcomes and eligibility criteria would be
vital to advance understanding. Notwithstanding study limitations,
we provide a valuable source of evidence on subsequent pregnancy
outcomes after peripartum cardiomyopathy.
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