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Abstract
Purpose of Review Peripartum cardiomyopathy (PPCM) is an idiopathic disorder defined as heart failure occurring in women
during the last month of pregnancy and up to 5 months postpartum. In this review, we outline recent reports about the disease
pathogenesis and management and highlight the use of diagnosis and prognosis biomarkers.
Recent Findings Novel data strengthen the implication of endothelial function in PPCM pathogenesis. The first international
registry showed that patient presentations were similar globally, with heterogeneity in patient management and outcome.
Summary Despite large improvement in patient management and treatment, there is still a sub-group of women who die from
PPCM or who will not recover their cardiac function. Remarkable advances in the comprehension of disease incidence, path-
ogenesis, and prognosis could be determined with multi-center and international registries.
Clinical Trials ClinicalTrials.gov Identifier: NCT02590601
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Introduction

It has been more than 150 years since the first description by
Ritchie et al. [1] of idiopathic myocardial failure with onset in
the puerperium [1] and in the postpartum period [2]. First
described as a postpartum cardiomyopathy, the disease was
recognized a few years later as a peripartum cardiomyopathy
(PPCM) [3, 4]. PPCM is a maternal disorder which is well
recognized inmany countries where its incidence is high, such
as Haiti [5], Nigeria [6], and South Africa [7].

Awareness about this disease has increased in the last few
decades, with more systematic evaluation based on several
national and international registries [8, 9]. However, despite
remarkable advances in the comprehension of its pathogenesis
[10] and improvement of patient management and therapy
[11], PPCM is often recognized too late and it continues to
be associated with high morbidity and mortality rates [12].

Clinical Presentation, Definition,
and Diagnosis

PPCM is defined as heart failure with unknown etiology,
with onset of symptoms in a period comprising the last
month of pregnancy and the first 5 months postpartum. A
previous history of cardiac disease, or a family history of
cardiomyopathy or sudden cardiac death, leads to the ex-
clusion of a patient from diagnosis of PPCM [13].
Presenting symptoms in PPCM patients are highly variable
but may include fatigue, dyspnea, orthopnea, peripheral
edema, palpitations, chest pain, decreased exercise toler-
ance, and abdominal discomfort due to passive congestion
of the liver.

Signs of both right and left heart failure including rales,
jugular venous distension, gallop rhythm, ascites, and pe-
ripheral edema may be present. Blood pressure is usually
normal or low due to low cardiac output. As pregnancy and
the postpartum period are hypercoagulable states, patients
may present with hemoptysis secondary to pulmonary em-
bolism or neurologic symptoms due to an acute cerebro-
vascular event.

Most women with PPCM develop symptoms within the
first few months following delivery, rather than during preg-
nancy [14–16]. As symptoms and signs of PPCM may mimic
normal physiological findings of pregnancy and the postpar-
tum period, the diagnosis of PPCM is often delayed.
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Establishing the diagnosis of PPCM relies on a high index
of suspicion, along with timing of symptom onset and imag-
ing confirmation of LV systolic dysfunction.

As PPCM is considered to be a diagnosis of exclusion, a
thorough evaluation is necessary in order to eliminate other
potential cardiac and non-cardiac explanations for the pa-
tient’s clinical presentation.

The diagnostic algorithm suggested by the Heart Failure
Association (HFA) Working Group on PPCM [11] requires
clinical signs of heart failure and an echocardiographic left
ventricular ejection fraction (LVEF) of ≤ 45%. ECG,magnetic
resolution imaging (MRI), and laboratory measurement of
NT-proBNP are not essential but are recommended for a better
prediction of patient outcomes [16–19].

Pathophysiology of PPCM

The precise mechanisms leading to cardiac dysfunction in
human PPCM remain undefined. Increased oxidative stress,
angiogenesis imbalance, and inflammatory reactions have
been proposed as key features of the disease (Fig. 1).

Recently, the anti-angiogenic 16-kDa N-terminal pro-
lactin fragment (16KDa-PRL), produced by cleavage of
the full-length nursing hormone, prolactin (PRL), by ca-
thepsin D, has been identified as a potential factor initiat-
ing and driving PPCM [20]. The hypothesis of its patho-
physiological relevance was supported by the prior obser-
vation that treatment with the PRL blocker, bromocriptine,
showed beneficial effects in some early clinical trials in
PPCM patients [20–22]. The increase of 16KDa-PRL
levels observed in PPCM patients has been attributed to
the low activation of the signal transducer and activator of
transcription 3 (STAT3) and the peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PGC-1α).
STAT 3 and PGC1-α have an essential role in prolifera-
tion and cell protection from death in the cardiac tissue
[23, 24].

Cardiomyocyte specific deletion of STAT3 or PGC-α1 in
rodents induces PPCM with a decrease of the anti-oxidant
response in the heart, which is translated by decreased levels
of anti-oxidant manganese-dependent superoxide dismutase
(MnSOD) and increased reactive oxygen species (ROS) pro-
duction. Increased oxidative stress subsequently activates ca-
thepsin D, inducing the production of 16KDa-PRL.

Fig. 1 Pathophysiological mechanisms inducing peripartum
cardiomyopathy: role of inflammation, apoptosis, and angiogenic
imbalance. Decreased levels of STAT3 and/or PGC-1α increase ROS
which will increase cathepsin D and MMP activity. Full-length
prolactin (23KDa-PRL), highly expressed before delivery and
postpartum, will be cleaved into 16KDa-PRL responsible of (1)
increased expression of miR-146a which will inhibit endothelial cell
proliferation and survival and induce cardiomyocyte apoptosis and (2)
increased expression of CCL2 inducing cardiac inflammation. The
angiogenic imbalance induced by 16KDa-PRL is augmented by

increased sFlt1 and decreased VEGF and relaxin levels. Abbreviations:
16KDa-PRL, 16-kDa prolactin hormone; CCL2, chemokine ligand 2;
CD, cathepsin D; Errb4, tyrosine kinase-type cell surface receptor
HER4; IFN-ϒ, interferon-ϒ; MMP, matrix metalloproteinase; MnSOD,
manganese-dependent superoxide dismutase; NFκB, nuclear factor-
kappa B; PGC-1α, peroxisome proliferator-activated receptor gamma
coactivator; PRL, prolactin hormone; ROS, reactive oxygen species;
sFlt1, soluble fms-like tyrosine kinase-1; STAT, signal transducer and
activator of transcription; VEGF, vascular endothelial growth factor
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In line with these experimental observations, increased
levels of oxidized low-density lipoprotein (oxLDL), a marker
of oxidative stress, and an increase of cathepsin D activity
were associated with decreased STAT3 and PGC-1α expres-
sion in PPCM patients [20, 25, 26]. So far, the mechanism
underlying downregulation of STAT3 and PGC-1α in PPCM
patients has remained unknown.

The cleavage of prolactin into 16KDa-PRL may also be
induced by matrix metalloproteinases (MMPs) (MMP-1, -2,
-3, -8, -13) [27]. Interestingly, there is an increase of the cir-
culating levels of MMP-2 in PPCM patients [25] and high
expression levels of MMP-3 were found in the hearts of
PPCM mouse models [20].

Endothelial dysfunction and angiogenic imbalance have
also been investigated and appear to promote defect in oxygen
supply to the cell leading to metabolic dysfunction in the
heart, leading to cardiac contractility dysfunction in PPCM.
Two distinct pathways mainly trigger the vascular impairment
leading to heart failure. The first involves 16KDa-PRL—nu-
clear factor-kappa B (NFκB)—microRNA-146a pathway and
the second is regulated by the balance between the anti-
angiogenic factor the soluble fms-like tyrosine kinase-1
(sFlt1) and the pro-angiogenic factor vascular endothelial
growth factor (VEGF). The 16KDa-PRL via the transcription
factor NFκB upregulates endothelial expression of
microRNA-146a. MicroRNA-146 inhibits proliferation and
migration of endothelial cells. This microRNA can also be
secreted in exosomes and can thus act on cardiomyocytes
and induces metabolism dysfunction leading to their death
[28].

PGC-1α downregulation results in insufficient upregula-
tion of pro-angiogenic VEGF and, together with increased
levels of anti-angiogenic soluble fms-like tyrosine kinase-1
(sFlt1) observed in the peripartum phase [26], aggravates the
angiogenic imbalance. Interestingly, increased levels of circu-
lating microRNA-146a, sFlt1, asymmetric dimethylarginine
(ADMA), and apoptosis signaling molecules such as Fas/
Apo1 (apoptosis signal receptor/apoptosis antigen 1) were ob-
served in PPCM patients [16, 26, 28, 29].

Interestingly, Mebazaa et al. showed that there were in-
creased levels of the pro-angiogenic factor placental growth
factor (PLGF) in PPCM patients presenting early postpartum
[30]. In a model of pressure overload, Seno et al. [31] demon-
strated the efficacy of an anti-PlGF neutralizing antibody in
the prevention of cardiac dysfunction. These results highlight
the need for further exploration of the endothelial function in
PPCM.

In addition to endothelial cell death and capillary
rarefication, cardiomyocytes apoptosis via increased caspase
3 activation has also been reported in PPCM mouse models
[32]. Inhibition of apoptosis in this model induced an im-
provement of cardiac function and an abolishment of mortality
which support the causal link to pathogenesis of PPCM [33].

Current experimental and clinical advances in the under-
standing of PPCM pathophysiology highlight myocardial in-
flammation and autoimmune reactions as a possible underly-
ing pathomechanism [16, 34]. Circulating levels of pro-
inflammatory cytokines (interleukin-6, tumor necrosis
factor-α, interferon-ϒ, and C-reactive protein) were found
highly expressed and positively correlated with cardiac dys-
function [16, 35–37]. A shift towards humoral immunity is
part of the physiological adaptation of the maternal body to
pregnancy [38–40]. Interestingly, a recent study revealed a
marked increase of innate immunity markers over humoral
immunity in PPCM, suggesting disruption of immune homeo-
stasis in PPCM [37].

In addition, reactive cardiac fibrosis has been demonstrated
in PPCM animal models [20, 35]. Investigation of cardiac
fibrosis in human PPCM using MRI showed that only a few
women (10–15%) present with interstitial fibrosis [41–46].
These small cohort clinical studies should be confirmed in
larger patient cohorts.

Disease Management

Management of patients with PPCM is similar to that for pa-
tients with systolic heart failure due to other etiologies, but
special consideration must be given to women who are either
pregnant or breastfeeding. Patients should be managed by a
multidisciplinary team including cardiologists, obstetricians,
and neonatologists, among others.

As there are few controlled studies regarding the safety of
heart failure medications used during pregnancy, treating pa-
tients diagnosed with PPCM during pregnancy presents a par-
ticular challenge.

Initial Management

PPCM patients presenting with acute severe heart failure
symptoms require prompt treatment in an intensive care unit.
Noninvasive or mechanical ventilation may be necessary in
some cases. Intravenous diuretics should be administered to
patients with evidence of pulmonary congestion and volume
overload. Temporary circulatory support with either intra-
aortic balloon counter-pulsation or extracorporeal membrane
oxygenation may be necessary in patients presenting with car-
diogenic shock. Patients who clinically deteriorate, despite
optimal medical treatment plus/minus temporary circulatory
support, may benefit from implantation of a left ventricular
assist device (LVAD), either as a bridge to recovery or trans-
plantation [47]. As cardiac function can normalize within
6 months in a significant number of PPCM patients, the deci-
sion to refer the patient for cardiac transplantation should not
be made too early. Outcomes after transplantation in PPCM
patients are comparable to patients transplanted for other
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etiologies. A more recent study in a large collective of 42,406
patients, with 485 women transplanted due to PPCM, reports
inferior graft survival, higher rejection rates, and higher mor-
tality [48, 49].

Chronic Heart Failure Management

During the antepartum period, heart failure therapy includes
the use of diuretics to reduce preload and treat edema with a
caution for dehydration-induced hypoperfusion [50] and va-
sodilators (hydralazine) to increase cardiac output and stroke
volume and decrease vascular resistance [51], as well as beta-
blockers. However, lower fetal birth weight [52] has been
documented and should be monitored.

If the patient presents postpartum, patients should be man-
aged according to standard heart failure guidelines [53].
Neurohormonal blockade with angiotensin-converting en-
zyme inhibition, angiotensin receptor blockers, and mineralo-
corticoid receptor blockers are considered as first-line heart
failure medication [53].

Use of Prolactin Inhibitor Bromocriptine

Numerous recent case reports have indicated that the addition
of bromocriptine, a drug inhibiting prolactin, to standard heart
failure therapy may be beneficial in patients with acute onset
PPCM. A proof-of-concept pilot study of PPCM patients with
severely reduced LVEF diagnosed within 1 month of delivery
showed better recovery of left ventricular function in patients
treated with bromocriptine, compared with patients receiving
placebo [22]. A larger, randomized multi-center study from
Germany confirmed the previously reported beneficial effects
of bromocriptine. [21, 22]. All patients receiving bromocrip-
tine should receive standard heart failure therapy with at least
prophylactic anticoagulation. This treatment regime has re-
cently been termed the BOARD (Bromocriptine, Oral heart
failure therapies, Anticoagulation, vasoRelaxing agents, and
Diuretics) regime [54]. However, as with all other medication,
there needs to be a risk/benefit assessment. In patients with
milder left ventricular dysfunction, one might feel that contin-
uation of breastfeeding may provide better long-term benefits
for the infant, versus accepting the possibility of remaining
with some degree of left ventricular function dysfunction.
Overall, the evidence of using bromocriptine in patients diag-
nosed with PPCM is based on a limited number of smaller
studies. In Canada, a placebo-controlled study is under way,
albeit again with limited patient numbers (ClinicalTrials.gov
Identifier: NCT02590601). The large prospective
international EORP registry on PPCM patients with
information on treatment and outcome which included over
750 patients has just been completed recruitment [55]. From
this large international PPCM collective, we expect more data
on the efficacy of bromocriptine treatment.

Anticoagulation

Women presenting with PPCM are vulnerable to thrombotic
and thromboembolic complications due to pregnancy-induced
hypercoagulability which begins during pregnancy, is height-
ened during labor and delivery, and persists up to several
months postpartum. These patients not only have an increased
risk of deep vein thrombosis and pulmonary embolism but
also have an increased risk for developing intracardiac throm-
bus, even if their LVEF is only moderately decreased.
Anticoagulation is not recommended for all PPCM patients
but should be considered in patients with an LVEF < 35%.

Antiarrhythmic Device Therapy

Beta-blockers and non-vasoselective calcium-channel
blockers may safely be used for rate control of tachyarrhyth-
mias. There are no guidelines for implantation of an implant-
able cardiac defibrillator (ICD) specifically for PPCM pa-
tients. Sudden cardiac death has been reported in PPCM pa-
tients with decreased LVEF in both the acute and chronic
stages of this disease, as well as in those whose LVEF has
completely normalized, indicating that the risk of sudden car-
diac death may persist well into recovery in this patient pop-
ulation. Patients with sustained ventricular arrhythmias or his-
tory of sudden cardiac death in the acute setting may be can-
didates for ICD implantation, but this decision must be care-
fully weighed against the evidence that LV function improves
within 6 months in the majority of PPCM patients. It would
not be unreasonable to consider ICD implantation in patients
with persistent NYHA class III or IV symptoms despite opti-
mal medical therapy for 6 months and whose LVEF remains <
30%. A suitable alternative is wearable cardioverter-
defibrillator devices for patients with LVEF ≤ 35% to prevent
sudden cardiac death [56, 57].

Cardiac resynchronization therapy may be considered in
PPCM patients with chronic heart failure if, despite optimal
medical therapy, they have persistent NYHA class III or IV
symptoms, LVEF < 35%, and QRS duration ≥ 120 ms.

Circulating Biomarkers of PPCM

Diagnosis of PPCM based on exclusion is a difficult task.
PPCM patients present with symptoms of heart failure and
signs of systolic dysfunction (i.e., palpitations, dizziness, and
chest pain), which delays PPCM diagnosis [13, 58–60].

The quality of a biomarker relies on its sensitivity and
specificity to detect the disease. Despite its sensitivity to diag-
nose PPCM [15, 25, 47, 61–63] and cost-effectiveness, natri-
uretic peptides (brain natriuretic peptide “BNP” and N-
terminal-proBNP “NT-proBNP”) are, unfortunately, non-
specific markers for a variety of other cardiovascular
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pathologies, including myocardial ischemia, preeclampsia,
pulmonary emboli, and, most notably, heart failure [15, 47,
64, 65]. However, when the disease presentation is mild, dos-
age of natriuretic peptides can be useful, in association with
echocardiography, hence hastening the diagnosis of heart fail-
ure [66]. Currently, only these markers are used in routine
clinical diagnosis of PPCM.

The lack of specificity seems to be resolved with the use of
microRNA-146 whose expression is higher in PPCMpatients,
when compared to dilated cardiomyopathy patients [15, 28].
In addition, circulating endothelial and monocyte microparti-
cles were found specifically in PPCM women, when com-
pared to healthy pregnant and postpartum women and to pa-
tients with other heart diseases [67].

As per the disease pathology, prolactin and cathepsin D
levels were increased in PPCM patients compared to healthy
matched controls [15, 25]. Interestingly, higher levels of
16KDa-PRL and increased cathepsin D activity were ob-
served in a small cohort of PPCM patients during their acute
phase [20], but this should be validated in a larger cohort.

Soluble Flt1 is increased in PPCM women with higher
NYHA functional class at presentation [68]. However, sFlt1
is secreted by endothelial cells and the placenta in late preg-
nancy [69] and its levels usually drop rapidly postpartum [70,
71]. Similarly, relaxin-2, another pregnancy-related biomark-
er, is decreased in PPCMpatients [72]. It is thus challenging to
establish a clear threshold value because of its pregnancy-
specific variability.

Another biomarker of endothelial function and oxidative
stress, oxidized LDL (oxLDL), and mid-regional pro-
adrenomedullin (MR-proADM) were found to be increased
in PPCM women [25, 30].

Cardiac remodeling biomarkers were shown to be useful in
the diagnosis of PPCM. Decreased levels of transforming
growth factor-β [25, 73], together with increased levels of
MMP2 [74], TNF-α [25, 75, 16, 29], interleukin-6 [29],
interleukin-4 [37], interferon-ϒ [25, 37], soluble ST2 [30],
and Fas/Apo1 [16, 25, 29] are associated with PPCM.

The maternal outcome in PPCM is a major concern as a
high percentage of women will not recover their cardiac func-
tion [5, 9, 14, 16, 19], leading to death in 1.4 to 28% [9, 16, 19,
29, 76–82]. Various circulating biomarkers were tested for
their potential to predict the 6-month postpartum maternal
outcome (Table 1).

Baseline NT-proBNP levels in PPCM are higher in patients
who fail to improve within the initial 6 months postpartum
[25, 63]. Baseline total cholesterol is directly correlated with
cardiac function at 6 months [16, 83].

Serum Fas/Apo1, measured at patient presentation, failed
to predict improvement of cardiac function in PPCM patients
after 6 months, but was significantly successful in predicting
which patients would die and which would survive [16, 25,
29]. Additionally, elevated serum cTnT was able to foresee

normalization of LVEF with a strong specificity and moderate
sensitivity [84]. Higher sFLT1 levels were associated with
more severe functional limitations and major adverse clinical
events [68].

In addition, median interferon-gamma (IFN-ϒ) is signifi-
cantly decreased 6 months postpartum in improvers, but not in
non-improvers, and its changes correlated negatively with cor-
responding changes in EF. Hence, like oxLDL, IFN-ϒ can be
used as a biomarker to monitor disease progression [25].

Higher relaxin-2 levels were associated with more rapid
myocardial recovery (higher LVEF at 2 months) [68].
However, Nonhoff et al. did not see any correlation be-
tween relaxin-2 levels and faster improvement of PPCM
patients [85].

Subsequent Pregnancies

PPCM has been described in primiparous and multiparous
women. Several studies highlighted the higher incidence of
PPCM in women with high parity and gravidity [5, 29, 55].
In addition, there is clear evidence of increased risk in subse-
quent pregnancy in PPCM patients. Thus, increased morbidity
and mortality is observed during subsequent pregnancies in
PPCM patients, especially in women with persistent left ven-
tricular dysfunction after the first pregnancy [86–89]. A recent
review highlighted the urgent need of early contraception in
PPCM women [90].

Learnings from National and Worldwide
Registries

PPCM is a heterogeneous disorder, very often described in
small cohorts which lead to limited results interpretation and
conclusions. In 2014, the European Society of Cardiology
(ESC) Working Group on Peripartum Cardiomyopathy initi-
ated the first worldwide registry on PPCM [8], which included
61 countries, of which 43 are active, and more than 140 cen-
ters participated in the registry. The EURObservational PPCM
Registry aims to describe PPCM patient presentation, comor-
bidities, diagnostics, and management. Interestingly, analysis
of the first 500 PPCMpatients recruited to the registry showed
exactly the same patient presentation and baseline character-
istics in both ESC and non-ESC-affiliated countries, despite
differences in ethnicity and socio-demographic parameters
[55]. However, patient outcomes were different, with a higher
proportion of persistent heart failure 1 year postpartum in non-
ESC-affiliated countries. The Pregnancy-Associated
Cardiomyopathy (IPAC) Working Group was the first multi-
center PPCM network—initiated in 2009 as a National Heart,
Lung, and Blood Institute funded multi-center—to investigate
PPCM patient characteristics, treatment, and clinical
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predictors of outcome in North America [9]. Reports from this
working group first highlighted a moderate recovery rate with
13% of affected women having major events (death, cardiac
transplantation, and implantation of a LVAD) or persistent
cardiomyopathy, with severe left ventricular dysfunction and
greater remodeling at baseline being associated with less re-
covery [9]. A second study reported the presence of right
ventricular (RV) dysfunction in one third of PPCM patients
which was an independent predictor of subsequent lack of
recovery of LV function and clinical outcomes. LV systolic
dysfunction severity did not predict the severity of RV
systolic dysfunction and thus poor outcome [91]. Genetic
and MRI analyses of the IPAC cohort showed that poly-
morphism in GNB3 gene was highly associated with lower
LVEF at follow-up, particularly evident in black women
[92], and only a small minority of patients showed focal
myocardial damage contributing to persistent myocardial
dysfunction [41].

Other population-based studies and national registries con-
tributed to characterize patient presentation and outcome. The
German PPCM registry described patients mostly presenting
at delivery or within the first postpartum month, with 15% of
patients not improving their cardiac function [15]. The study
of risk factors showed that smoking, multiple parities, and
twin pregnancies may increase the risk for PPCM.
Interestingly, German patients suffering from PPCM with
concomitant hypertension had a good recovery rate (97% of
hypertensive patients). In the Japanese cohort, hypertension-
induced protection from bad outcome was milder, with the
same death and hospitalization rate when compared to the
non-hypertensive PPCM women [93]. However, the investi-
gators observed a shorter duration of hospitalization in PPCM
patients with hypertension compared to the non-hypertensive
PPCM women.

Population-based studies of PPCM demonstrated that the
incidence of PPCM was 1 in 1741 deliveries in South Korea
[94] and 1 in 20,000 deliveries in Japan [93]. The outcome
was also different between the two populations, with a high in-
hospital mortality in South Korea [94] and 4% mortality in
Japan [93].

Very recent ly, the A RegisTry of pEripar tuM
cardIomyopathy in Turkish patientS (ARTEMIS) program
was designed to be a PPCM registry for Turkey, planned un-
der the umbrella of the worldwide PPCM registry [95].

Conclusion

PPCM is a rare but serious disorder associated with high mor-
bidity and mortality that occurs worldwide, although with
different prevalence and incidence rates. Despite a large im-
provement in patient management and outcome, efforts are
still needed to better understand why and how the disease
can affect specific women, and which parameters affect the
improvement of cardiac function in the sub-group of women
with bad outcome. Special attention should be paid to evalu-
ating the role of ethnicity in the pathogenesis of the disease.
More knowledge will be derived from national multi-center
and worldwide registries in the future.
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Table 1 Overview of diagnosis and prognosis biomarkers in peripartum cardiomyopathy

Abbreviations: 16KDa-PRL, 16-kDa prolactin hormone; Apo1, apoptosis antigen 1; BNP, brain natriuretic peptide; cTnT, cardiac troponin I; IFN-ϒ,
interferon-ϒ; IL, interleukin; MMP-2, matrix metalloproteinase 2; MR-proADM, mid-regional pro-adrenomedullin; NT-proBNP, N-terminal pro-brain
natriuretic peptide; OxLDL, oxidized low-density lipoprotein; PLGF, placental growth factor; PRL, prolactin hormone; sFlt1, soluble fms-like tyrosine
kinase-1; sST2, soluble ST2; TGF-β, transforming growth factor-β; TNF-α, tumor necrosis factor-α

302 Curr Heart Fail Rep (2018) 15:297–306



Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Meadows WR. Postpartum heart disease. Am J Cardiol. 1960;6:
788–802.

2. Melvin JP Jr. Post-partal heart disease. Ann Intern Med.
1947;27(4):596–609.

3. Seftel H, Susser M. Maternity and myocardial failure in African
women. Br Heart J. 1961;23:43–52.

4. Demakis JG, Rahimtoola SH. Peripartum cardiomyopathy.
Circulation. 1971;44(5):964–8.

5. Fett JD, Christie LG, Carraway RD, Murphy JG. Five-year pro-
spective study of the incidence and prognosis of peripartum cardio-
myopathy at a single institution. Mayo Clin Proc. 2005;80(12):
1602–6. https://doi.org/10.4065/80.12.1602.

6. Sanderson JE, Adesanya CO, Anjorin FI, Parry EH. Postpartum
cardiac failure–heart failure due to volume overload? Am Heart J.
1979;97(5):613–21.

7. SliwaK, DamascenoA,Mayosi BM. Epidemiology and etiology of
cardiomyopathy in Africa. Circulation. 2005;112(23):3577–83.
https://doi.org/10.1161/CIRCULATIONAHA.105.542894.

8. Sliwa K, Hilfiker-Kleiner D, Mebazaa A, Petrie MC, Maggioni AP,
Regitz-Zagrosek V, et al. EURObservational Research Programme:
a worldwide registry on peripartum cardiomyopathy (PPCM) in
conjunction with the Heart Failure Association of the European
Society of Cardiology Working Group on PPCM. Eur J Heart
Fail. 2014;16(5):583–91. https://doi.org/10.1002/ejhf.68.

9. McNamara DM, Elkayam U, Alharethi R, Damp J, Hsich E, Ewald
G, et al. Clinical outcomes for peripartum cardiomyopathy in North
America: results of the IPAC study (investigations of pregnancy-
associated cardiomyopathy). J Am Coll Cardiol. 2015;66(8):905–
14. https://doi.org/10.1016/j.jacc.2015.06.1309.

10. Hilfiker-Kleiner D, Sliwa K. Pathophysiology and epidemiology of
peripartum cardiomyopathy. Nat Rev Cardiol. 2014;11(6):364–70.
https://doi.org/10.1038/nrcardio.2014.37.

11. Bauersachs J, Arrigo M, Hilfiker-Kleiner D, Veltmann C, Coats AJ,
Crespo-Leiro MG, et al. Current management of patients with se-
vere acute peripartum cardiomyopathy: practical guidance from the
Heart Failure Association of the European Society of Cardiology
Study Group on peripartum cardiomyopathy. Eur J Heart Fail.
2016;18(9):1096–105. https://doi.org/10.1002/ejhf.586.

12. Soma-Pillay P, Seabe J, Sliwa K. The importance of cardiovascular
pathology contributing to maternal death: confidential enquiry into
maternal deaths in South Africa, 2011-2013. Cardiovasc J Afr.
2016;27(2):60–5. https://doi.org/10.5830/CVJA-2016-008.

13. Sliwa K, Hilfiker-Kleiner D, Petrie MC, Mebazaa A, Pieske B,
Buchmann E, et al. Current state of knowledge on aetiology, diag-
nosis, management, and therapy of peripartum cardiomyopathy: a
position statement from the Heart Failure Association of the
European Society of Cardiology Working Group on peripartum
cardiomyopathy. Eur J Heart Fail. 2010;12(8):767–78. https://doi.
org/10.1093/eurjhf/hfq120.

14. Elkayam U, Akhter MW, Singh H, Khan S, Bitar F, Hameed A, et
al. Pregnancy-associated cardiomyopathy: clinical characteristics
and a comparison between early and late presentation.

Circulation. 2005;111(16):2050–5. https://doi.org/10.1161/01.
CIR.0000162478.36652.7E.

15. Haghikia A, Podewski E, Libhaber E, Labidi S, Fischer D,
Roentgen P, et al. Phenotyping and outcome on contemporary man-
agement in a German cohort of patients with peripartum cardiomy-
opathy. Basic Res Cardiol. 2013;108(4):366. https://doi.org/10.
1007/s00395-013-0366-9.

16. Sliwa K, Forster O, Libhaber E, Fett JD, Sundstrom JB, Hilfiker-
Kleiner D, et al. Peripartum cardiomyopathy: inflammatory
markers as predictors of outcome in 100 prospectively studied pa-
tients. Eur Heart J. 2006;27(4):441–6. https://doi.org/10.1093/
eurheartj/ehi481.

17. Arora NP, Mohamad T, Mahajan N, Danrad R, Kottam A, Li T, et
al. Cardiac magnetic resonance imaging in peripartum cardiomyop-
athy. Am J Med Sci. 2014;347(2):112–7. https://doi.org/10.1097/
MAJ.0b013e31828155e3.

18. Tibazarwa K, Lee G, Mayosi B, Carrington M, Stewart S, Sliwa K.
The 12-lead ECG in peripartum cardiomyopathy. Cardiovasc J Afr.
2012;23(6):322–9. https://doi.org/10.5830/CVJA-2012-006.

19. Duran N, Gunes H, Duran I, Biteker M, Ozkan M. Predictors of
prognosis in patients with peripartum cardiomyopathy. Int J
Gynaecol Obstet. 2008;101(2):137–40. https://doi.org/10.1016/j.
ijgo.2007.11.007.

20. Hilfiker-Kleiner D, Kaminski K, Podewski E, Bonda T, Schaefer A,
Sliwa K, et al. A cathepsin D-cleaved 16 kDa form of prolactin
mediates postpartum cardiomyopathy. Cell. 2007;128(3):589–600.
https://doi.org/10.1016/j.cell.2006.12.036.

21. Hilfiker-Kleiner D, Haghikia A, Berliner D, Vogel-Claussen J,
Schwab J, Franke A, et al. Bromocriptine for the treatment of peri-
partum cardiomyopathy: a multicentre randomized study. Eur Heart
J. 2017;38(35):2671–9. https://doi.org/10.1093/eurheartj/ehx355.

22. Sliwa K, Blauwet L, Tibazarwa K, Libhaber E, Smedema JP,
Becker A, et al. Evaluation of bromocriptine in the treatment of
acute severe peripartum cardiomyopathy: a proof-of-concept pilot
study. Circulation. 2010;121(13):1465–73. https://doi.org/10.1161/
CIRCULATIONAHA.109.901496.

23. Lecour S. Activation of the protective survivor activating factor
enhancement (SAFE) pathway against reperfusion injury: does it
go beyond the RISK pathway? J Mol Cell Cardiol. 2009;47(1):32–
40. https://doi.org/10.1016/j.yjmcc.2009.03.019.

24. Rowe GC, Jiang A, Arany Z. PGC-1 coactivators in cardiac devel-
opment and disease. Circ Res. 2010;107(7):825–38. https://doi.org/
10.1161/CIRCRESAHA.110.223818.

25. Forster O, Hilfiker-Kleiner D, Ansari AA, Sundstrom JB, Libhaber
E, Tshani W, et al. Reversal of IFN-gamma, oxLDL and prolactin
serum levels correlate with clinical improvement in patients with
peripartum cardiomyopathy. Eur J Heart Fail. 2008;10(9):861–8.
https://doi.org/10.1016/j.ejheart.2008.07.005.

26. Patten IS, Rana S, Shahul S, RoweGC, Jang C, Liu L, et al. Cardiac
angiogenic imbalance leads to peripartum cardiomyopathy. Nature.
2012;485(7398):333–8. https://doi.org/10.1038/nature11040.

27. Macotela Y, Aguilar MB, Guzman-Morales J, Rivera JC, Zermeno
C, Lopez-Barrera F, et al. Matrix metalloproteases from
chondrocytes generate an antiangiogenic 16 kDa prolactin. J Cell
Sci. 2006;119(Pt 9):1790–800. https://doi.org/10.1242/jcs.02887.

28. Halkein J, Tabruyn SP, Ricke-Hoch M, Haghikia A, Nguyen NQ,
Scherr M, et al. MicroRNA-146a is a therapeutic target and bio-
marker for peripartum cardiomyopathy. J Clin Invest. 2013;123(5):
2143–54. https://doi.org/10.1172/JCI64365.

29. Sliwa K, Skudicky D, Bergemann A, Candy G, Puren A, Sareli P.
Peripartum cardiomyopathy: analysis of clinical outcome, left ven-
tricular function, plasma levels of cytokines and Fas/APO-1. J Am
Coll Cardiol. 2000;35(3):701–5.

30. Mebazaa A, Seronde MF, Gayat E, Tibazarwa K, Anumba DOC,
Akrout N, et al. Imbalanced angiogenesis in peripartum

Curr Heart Fail Rep (2018) 15:297–306 303

https://doi.org/10.4065/80.12.1602
https://doi.org/10.1161/CIRCULATIONAHA.105.542894
https://doi.org/10.1002/ejhf.68
https://doi.org/10.1016/j.jacc.2015.06.1309
https://doi.org/10.1038/nrcardio.2014.37
https://doi.org/10.1002/ejhf.586
https://doi.org/10.5830/CVJA-2016-008
https://doi.org/10.1093/eurjhf/hfq120
https://doi.org/10.1093/eurjhf/hfq120
https://doi.org/10.1161/01.CIR.0000162478.36652.7E
https://doi.org/10.1161/01.CIR.0000162478.36652.7E
https://doi.org/10.1007/s00395-013-0366-9
https://doi.org/10.1007/s00395-013-0366-9
https://doi.org/10.1093/eurheartj/ehi481
https://doi.org/10.1093/eurheartj/ehi481
https://doi.org/10.1097/MAJ.0b013e31828155e3
https://doi.org/10.1097/MAJ.0b013e31828155e3
https://doi.org/10.5830/CVJA-2012-006
https://doi.org/10.1016/j.ijgo.2007.11.007
https://doi.org/10.1016/j.ijgo.2007.11.007
https://doi.org/10.1016/j.cell.2006.12.036
https://doi.org/10.1093/eurheartj/ehx355
https://doi.org/10.1161/CIRCULATIONAHA.109.901496
https://doi.org/10.1161/CIRCULATIONAHA.109.901496
https://doi.org/10.1016/j.yjmcc.2009.03.019
https://doi.org/10.1161/CIRCRESAHA.110.223818
https://doi.org/10.1161/CIRCRESAHA.110.223818
https://doi.org/10.1016/j.ejheart.2008.07.005
https://doi.org/10.1038/nature11040
https://doi.org/10.1242/jcs.02887
https://doi.org/10.1172/JCI64365


cardiomyopathy- diagnostic value of placenta growth factor. Circ J.
2017;81(11):1654–61. https://doi.org/10.1253/circj.CJ-16-1193.

31. Seno A, Takeda Y, Matsui M, Okuda A, Nakano T, Nakada Y, et al.
Suppressed production of soluble Fms-like tyrosine kinase-1 con-
tributes to myocardial remodeling and heart failure. Hypertension.
2 0 1 6 ; 6 8 ( 3 ) : 6 7 8 – 8 7 . h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
HYPERTENSIONAHA.116.07371.

32. Adams JW, Sakata Y, Davis MG, Sah VP, Wang Y, Liggett SB, et
al. Enhanced Galphaq signaling: a common pathway mediates car-
diac hypertrophy and apoptotic heart failure. Proc Natl Acad Sci U
S A. 1998;95(17):10140–5.

33. Hayakawa Y, Chandra M, MiaoW, Shirani J, Brown JH, Dorn GW
II, et al. Inhibition of cardiac myocyte apoptosis improves cardiac
function and abolishes mortality in the peripartum cardiomyopathy
of Galpha(q) transgenic mice. Circulation. 2003;108(24):3036–41.
https://doi.org/10.1161/01.CIR.0000101920.72665.58.

34. Bozkurt B, Villaneuva FS, Holubkov R, Tokarczyk T, Alvarez RJ
Jr, MacGowan GA, et al. Intravenous immune globulin in the ther-
apy of peripartum cardiomyopathy. J Am Coll Cardiol. 1999;34(1):
177–80.

35. Ricke-HochM, Bultmann I, Stapel B, Condorelli G, Rinas U, Sliwa
K, et al. Opposing roles of Akt and STAT3 in the protection of the
maternal heart from peripartum stress. Cardiovasc Res.
2014;101(4):587–96. https://doi.org/10.1093/cvr/cvu010.

36. Sliwa K, Skudicky D, Candy G, Bergemann A, HopleyM, Sareli P.
The addition of pentoxifylline to conventional therapy improves
outcome in patients with peripartum cardiomyopathy. Eur J Heart
Fail. 2002;4(3):305–9.

37. Xia G, Sun X, Zheng X, Wang J. Decreased expression of pro-
grammed death 1 on peripheral blood lymphocytes disrupts im-
mune homeostasis in peripartum cardiomyopathy. Int J Cardiol.
2016;223:842–7. https://doi.org/10.1016/j.ijcard.2016.08.232.

38. Chaouat G, Ledee-Bataille N, Dubanchet S, Zourbas S, Sandra O,
Martal J. TH1/TH2 paradigm in pregnancy: paradigm lost?
Cytokines in pregnancy/early abortion: reexamining the TH1/TH2
paradigm. Int Arch Allergy Immunol. 2004;134(2):93–119. https://
doi.org/10.1159/000074300.

39. Saito S, Sakai M, Sasaki Y, Tanebe K, Tsuda H, Michimata T.
Quantitative analysis of peripheral blood Th0, Th1, Th2 and the
Th1:Th2 cell ratio during normal human pregnancy and preeclamp-
sia. Clin Exp Immunol. 1999;117(3):550–5.

40. Wegmann TG, Lin H, Guilbert L, Mosmann TR. Bidirectional cy-
tokine interactions in the maternal-fetal relationship: is successful
pregnancy a TH2 phenomenon? Immunol Today. 1993;14(7):353–
6. https://doi.org/10.1016/0167-5699(93)90235-D.

41. Schelbert EB, Elkayam U, Cooper LT, Givertz MM, Alexis JD,
Briller J et al. Myocardial damage detected by late gadolinium
enhancement cardiac magnetic resonance is uncommon in peripar-
tum cardiomyopathy. J Am Heart Assoc. 2017;6(4). doi:https://doi.
org/10.1161/JAHA.117.005472.

42. Ntusi NB, Chin A. Characterisation of peripartum cardiomyopathy
by cardiac magnetic resonance imaging. Eur Radiol. 2009;19(6):
1324–5; author reply 6–7. https://doi.org/10.1007/s00330-008-
1244-y.

43. Bollen IAE, Ehler E, Fleischanderl K, Bouwman F, Kempers L,
Ricke-HochM, et al.Myofilament remodeling and function is more
impaired in peripartum cardiomyopathy compared with dilated car-
diomyopathy and ischemic heart disease. Am J Pathol.
2017;187(12):2645–58. https://doi.org/10.1016/j.ajpath.2017.08.
022.

44. Leurent G, Baruteau AE, Larralde A, Ollivier R, Schleich JM,
Boulmier D, et al. Contribution of cardiac MRI in the comprehen-
sion of peripartum cardiomyopathy pathogenesis. Int J Cardiol.
2009;132(3):e91–3. https://doi.org/10.1016/j.ijcard.2007.12.012.

45. Mouquet F, Lions C, de Groote P, Bouabdallaoui N, Willoteaux S,
Dagorn J, et al. Characterisation of peripartum cardiomyopathy by

cardiac magnetic resonance imaging. Eur Radiol. 2008;18(12):
2765–9. https://doi.org/10.1007/s00330-008-1067-x.

46. KawanoH, Tsuneto A, Koide Y, Tasaki H, Sueyoshi E, Sakamoto I,
et al. Magnetic resonance imaging in a patient with peripartum
cardiomyopathy. Intern Med. 2008;47(2):97–102.

47. Hilfiker-Kleiner D, Haghikia A, Nonhoff J, Bauersachs J.
Peripartum cardiomyopathy: current management and future per-
spectives. Eur Heart J. 2015;36(18):1090–7. https://doi.org/10.
1093/eurheartj/ehv009.

48. Rasmusson K, Brunisholz K, Budge D, Horne BD, Alharethi R,
Folsom J, et al. Peripartum cardiomyopathy: post-transplant out-
comes from the United Network for Organ Sharing Database. J
Heart Lung Transplant. 2012;31(2):180–6. https://doi.org/10.
1016/j.healun.2011.11.018.

49. Rasmusson KD, Stehlik J, Brown RN, Renlund DG, Wagoner LE,
Torre-Amione G, et al. Long-term outcomes of cardiac transplanta-
tion for peri-partum cardiomyopathy: a multiinstitutional analysis. J
Heart Lung Transplant. 2007;26(11):1097–104. https://doi.org/10.
1016/j.healun.2007.08.002.

50. Lindheimer MD, Katz AI. Sodium and diuretics in pregnancy. N
Engl J Med. 1973;288(17):891–4. https://doi.org/10.1056/
NEJM197304262881706.

51. Lampert MB, Lang RM. Peripartum cardiomyopathy. Am Heart J.
1995;130(4):860–70.

52. Ruys TP, Maggioni A, Johnson MR, Sliwa K, Tavazzi L,
Schwerzmann M, et al. Cardiac medication during pregnancy, data
from the ROPAC. Int J Cardiol. 2014;177(1):124–8. https://doi.
org/10.1016/j.ijcard.2014.09.013.

53. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats
AJS, et al. 2016 ESC guidelines for the diagnosis and treatment of
acute and chronic heart failure: the Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society
of Cardiology (ESC) developed with the special contribution of the
Heart Failure Association (HFA) of the ESC. Eur Heart J.
2016;37(27):2129–200. https://doi.org/10.1093/eurheartj/ehw128.

54. Arrigo M, Blet A, Mebazaa A. Bromocriptine for the treatment of
peripartum cardiomyopathy: welcome on BOARD. Eur Heart J.
2017;38(35):2680–2. https://doi.org/10.1093/eurheartj/ehx428.

55. Sliwa K, Mebazaa A, Hilfiker-Kleiner D, Petrie MC, Maggioni AP,
Laroche C, et al. Clinical characteristics of patients from the world-
wide registry on peripartum cardiomyopathy (PPCM):
EURObservational Research Programme in conjunction with the
Heart Failure Association of the European Society of Cardiology
Study Group on PPCM. Eur J Heart Fail. 2017;19(9):1131–41.
https://doi.org/10.1002/ejhf.780.

56. Duncker D, Haghikia A, Konig T, Hohmann S, Gutleben KJ,
Westenfeld R, et al. Risk for ventricular fibrillation in peripartum
cardiomyopathy with severely reduced left ventricular function-
value of the wearable cardioverter/defibrillator. Eur J Heart Fail.
2014;16(12):1331–6. https://doi.org/10.1002/ejhf.188.

57. Duncker D, Konig T, Hohmann S, Bauersachs J, Veltmann C.
Avoiding untimely implantable cardioverter/defibrillator implanta-
tion by intensified heart failure therapy optimization supported by
the wearable cardioverter/defibrillator—the prolong study. J Am
Heart Assoc. 2017;6(1). doi:https://doi.org/10.1161/JAHA.116.
004512.

58. Bouabdallaoui N,Mouquet F, Lebreton G, Demondion P, Le Jemtel
TH, Ennezat PV. Current knowledge and recent development on
management of peripartum cardiomyopathy. Eur Heart J Acute
Cardiovasc Care. 2017;6(4):359–66. https://doi.org/10.1177/
2048872615612465.

59. Clapp JF 3rd, Capeless E. Cardiovascular function before, during,
and after the first and subsequent pregnancies. Am J Cardiol.
1997;80(11):1469–73.

60. Hunter S, Robson SC. Adaptation of the maternal heart in pregnan-
cy. Br Heart J. 1992;68(6):540–3.

304 Curr Heart Fail Rep (2018) 15:297–306

https://doi.org/10.1253/circj.CJ-16-1193
https://doi.org/10.1161/HYPERTENSIONAHA.116.07371
https://doi.org/10.1161/HYPERTENSIONAHA.116.07371
https://doi.org/10.1161/01.CIR.0000101920.72665.58
https://doi.org/10.1093/cvr/cvu010
https://doi.org/10.1016/j.ijcard.2016.08.232
https://doi.org/10.1159/000074300
https://doi.org/10.1159/000074300
https://doi.org/10.1016/0167-5699(93)90235-D
https://doi.org/10.1161/JAHA.117.005472
https://doi.org/10.1161/JAHA.117.005472
https://doi.org/10.1007/s00330-008-1244-y
https://doi.org/10.1007/s00330-008-1244-y
https://doi.org/10.1016/j.ajpath.2017.08.022
https://doi.org/10.1016/j.ajpath.2017.08.022
https://doi.org/10.1016/j.ijcard.2007.12.012
https://doi.org/10.1007/s00330-008-1067-x
https://doi.org/10.1093/eurheartj/ehv009
https://doi.org/10.1093/eurheartj/ehv009
https://doi.org/10.1016/j.healun.2011.11.018
https://doi.org/10.1016/j.healun.2011.11.018
https://doi.org/10.1016/j.healun.2007.08.002
https://doi.org/10.1016/j.healun.2007.08.002
https://doi.org/10.1056/NEJM197304262881706
https://doi.org/10.1056/NEJM197304262881706
https://doi.org/10.1016/j.ijcard.2014.09.013
https://doi.org/10.1016/j.ijcard.2014.09.013
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehx428
https://doi.org/10.1002/ejhf.780
https://doi.org/10.1002/ejhf.188
https://doi.org/10.1161/JAHA.116.004512
https://doi.org/10.1161/JAHA.116.004512
https://doi.org/10.1177/2048872615612465
https://doi.org/10.1177/2048872615612465


61. Huang GY, Zhang LY, Long-Le MA, Wang LX. Clinical character-
istics and risk factors for peripartum cardiomyopathy. Afr Health
Sci. 2012;12(1):26–31.

62. Liu J, Wang Y, Chen M, Zhao W, Wang X, Wang H, et al. The
correlation between peripartum cardiomyopathy and autoantibodies
against cardiovascular receptors. PLoS One. 2014;9(1):e86770.
https://doi.org/10.1371/journal.pone.0086770.

63. Li W, Li H, Long Y. Clinical characteristics and long-term predic-
tors of persistent left ventricular systolic dysfunction in peripartum
cardiomyopathy. Can J Cardiol. 2016;32(3):362–8. https://doi.org/
10.1016/j.cjca.2015.07.733.

64. Casserly B, Klinger JR. Brain natriuretic peptide in pulmonary
arterial hypertension: biomarker and potential therapeutic agent.
Drug Des Devel Ther. 2009;3:269–87.

65. Resnik JL, Hong C, Resnik R, Kazanegra R, Beede J, Bhalla V, et
al. Evaluation of B-type natriuretic peptide (BNP) levels in normal
and preeclamptic women. Am J Obstet Gynecol. 2005;193(2):450–
4. https://doi.org/10.1016/j.ajog.2004.12.006.

66. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm
M, Dickstein K, et al. ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure 2012: the Task
Force for the diagnosis and treatment of acute and chronic heart
failure 2012 of the European Society of Cardiology. Developed
in collaboration with the Heart Failure Association (HFA) of the
ESC. Eur J Heart Fail. 2012;14(8):803–69. https://doi.org/10.
1093/eurjhf/hfs105.

67. Walenta K, Schwarz V, Schirmer SH, Kindermann I, Friedrich EB,
Solomayer EF, et al. Circulating microparticles as indicators of
peripartum cardiomyopathy. Eur Heart J. 2012;33(12):1469–79.
https://doi.org/10.1093/eurheartj/ehr485.

68. Damp J, Givertz MM, Semigran M, Alharethi R, Ewald G, Felker
GM, et al. Relaxin-2 and soluble Flt1 levels in peripartum cardio-
myopathy: results of the multicenter IPAC study. JACC Heart Fail.
2016;4(5):380–8. https://doi.org/10.1016/j.jchf.2016.01.004.

69. Sundrani D, Khot V, Pisal H, Mehendale S, Wagh G, Joshi A, et al.
Gestation dependant changes in angiogenic factors and their asso-
ciations with fetal growth measures in normotensive pregnancy.
PLoS One. 2013;8(1):e54153. https://doi.org/10.1371/journal.
pone.0054153.

70. PalmM, Basu S, Larsson A,Wernroth L, Akerud H, Axelsson O. A
longitudinal study of plasma levels of soluble fms-like tyrosine
kinase 1 (sFlt1), placental growth factor (PlGF), sFlt1: PlGF ratio
and vascular endothelial growth factor (VEGF-A) in normal preg-
nancy. Acta Obstet Gynecol Scand. 2011;90(11):1244–51. https://
doi.org/10.1111/j.1600-0412.2011.01186.x.

71. Wathen KA, Sarvela J, Stenman F, Stenman UH, Vuorela P.
Changes in serum concentrations of soluble vascular endothelial
growth factor receptor-1 after pregnancy. Hum Reprod.
2011;26(1):221–6. https://doi.org/10.1093/humrep/deq304.

72. Ansari AA, Fett JD, Carraway RE, Mayne AE, Onlamoon N,
Sundstrom JB. Autoimmune mechanisms as the basis for human
peripartum cardiomyopathy. Clin Rev Allergy Immunol.
2002;23(3):301–24. https://doi.org/10.1385/CRIAI:23:3:301.

73. Ellis JE, Ansari AA, Fett JD, Carraway RD, Randall HW,
Mosunjac MI, et al. Inhibition of progenitor dendritic cell mat-
uration by plasma from patients with peripartum cardiomyopa-
thy: role in pregnancy-associated heart disease. Clin Dev
Immunol. 2005;12(4):265–73. https://doi.org/10.1080/
17402520500304352.

74. Wilson SS, Ayaz SI, Levy PD. Relaxin: a novel agent for the treat-
ment of acute heart failure. Pharmacotherapy. 2015;35(3):315–27.
https://doi.org/10.1002/phar.1548.

75. Fett JD, Ansari AA. Inflammatory markers and cytokines in peri-
partum cardiomyopathy: a delicate balance. Expert Opin Ther
Targets. 2010;14(9):895–8. https://doi.org/10.1517/14728222.
2010.511181.

76. Brar SS, Khan SS, Sandhu GK, Jorgensen MB, Parikh N, Hsu JW,
et al. Incidence, mortality, and racial differences in peripartum car-
diomyopathy. Am J Cardiol. 2007;100(2):302–4. https://doi.org/10.
1016/j.amjcard.2007.02.092.

77. Fett JD, Sundstrom BJ, Etta King M, Ansari AA. Mother-daughter
peripartum cardiomyopathy. Int J Cardiol. 2002;86(2–3):331–2.

78. Goland S,Modi K, Bitar F, JanmohamedM,Mirocha JM, Czer LS,
et al. Clinical profile and predictors of complications in peripartum
cardiomyopathy. J Card Fail. 2009;15(8):645–50. https://doi.org/
10.1016/j.cardfail.2009.03.008.

79. Mielniczuk LM, Williams K, Davis DR, Tang AS, Lemery R,
Green MS, et al. Frequency of peripartum cardiomyopathy. Am J
Cardiol. 2006;97(12):1765–8. https://doi.org/10.1016/j.amjcard.
2006.01.039.

80. Chapa JB, Heiberger HB, Weinert L, Decara J, Lang RM, Hibbard
JU. Prognostic value of echocardiography in peripartum cardiomy-
opathy. Obstet Gynecol. 2005;105(6):1303–8. https://doi.org/10.
1097/01.AOG.0000161382.30233.ba.

81. Elkayam U, Tummala PP, Rao K, Akhter MW, Karaalp IS, Wani
OR, et al. Maternal and fetal outcomes of subsequent pregnancies in
women with peripartum cardiomyopathy. N Engl J Med.
2 0 0 1 ; 3 4 4 ( 2 1 ) : 1 5 6 7–71 . h t t p s : / / d o i . o r g / 1 0 . 1 0 56 /
NEJM200105243442101.

82. Sliwa K, Forster O, Tibazarwa K, Libhaber E, Becker A, Yip A, et
al. Long-term outcome of peripartum cardiomyopathy in a popula-
tion with high seropositivity for human immunodeficiency virus.
Int J Cardiol. 2011;147(2):202–8. https://doi.org/10.1016/j.ijcard.
2009.08.022.

83. Sarojini A, Sai Ravi Shanker A, Anitha M. Inflammatory markers-
serum level of C-reactive protein, tumor necrotic factor-alpha, and
Interleukin-6 as predictors of outcome for peripartum cardiomyop-
athy. J Obstet Gynaecol India. 2013;63(4):234–9. https://doi.org/
10.1007/s13224-013-0428-9.

84. Hu CL, Li YB, Zou YG, Zhang JM, Chen JB, Liu J, et al. Troponin
T measurement can predict persistent left ventricular dysfunction in
peripartum cardiomyopathy. Heart. 2007;93(4):488–90. https://doi.
org/10.1136/hrt.2006.087387.

85. Nonhoff J, Ricke-Hoch M, Mueller M, Stapel B, Pfeffer T, Kasten
M, et al. Serelaxin treatment promotes adaptive hypertrophy but
does not prevent heart failure in experimental peripartum cardiomy-
opathy. Cardiovasc Res. 2017;113(6):598–608. https://doi.org/10.
1093/cvr/cvw245.

86. Elkayam U. Risk of subsequent pregnancy in women with a history
of peripartum cardiomyopathy. J Am Coll Cardiol. 2014;64(15):
1629–36. https://doi.org/10.1016/j.jacc.2014.07.961.

87. Sliwa K, Forster O, Zhanje F, Candy G, Kachope J, Essop R.
Outcome of subsequent pregnancy in patients with documented
peripartum cardiomyopathy. Am J Cardiol. 2004;93(11):1441–
3, A10. https://doi.org/10.1016/j.amjcard.2004.02.053.

88. Hilfiker-Kleiner D, Haghikia A, Masuko D, Nonhoff J, Held D,
Libhaber E, et al. Outcome of subsequent pregnancies in patients
with a history of peripartum cardiomyopathy. Eur J Heart Fail.
2017;19(12):1723–8. https://doi.org/10.1002/ejhf.808.

89. Sliwa K, Petrie MC, Hilfiker-Kleiner D, Mebazaa A, Jackson A,
Johnson MR, et al. Long-term prognosis, subsequent pregnancy,
contraception and overall management of peripartum cardiomyop-
athy: practical guidance paper from the Heart Failure Association of
the European Society of Cardiology Study Group on Peripartum
Cardiomyopathy. Eur J Heart Fail. 2018;20:951–62. https://doi.org/
10.1002/ejhf.1178.

90. Roos-Hesselink JW, Cornette J, Sliwa K, Pieper PG, Veldtman GR,
Johnson MR. Contraception and cardiovascular disease. Eur Heart
J. 2015;36(27):1728–34, 34a-34b. https://doi.org/10.1093/
eurheartj/ehv141.

91. Blauwet LA, Delgado-Montero A, Ryo K, Marek JJ, Alharethi R,
Mather PJ, et al. Right ventricular function in peripartum

Curr Heart Fail Rep (2018) 15:297–306 305

https://doi.org/10.1371/journal.pone.0086770
https://doi.org/10.1016/j.cjca.2015.07.733
https://doi.org/10.1016/j.cjca.2015.07.733
https://doi.org/10.1016/j.ajog.2004.12.006
https://doi.org/10.1093/eurjhf/hfs105
https://doi.org/10.1093/eurjhf/hfs105
https://doi.org/10.1093/eurheartj/ehr485
https://doi.org/10.1016/j.jchf.2016.01.004
https://doi.org/10.1371/journal.pone.0054153
https://doi.org/10.1371/journal.pone.0054153
https://doi.org/10.1111/j.1600-0412.2011.01186.x
https://doi.org/10.1111/j.1600-0412.2011.01186.x
https://doi.org/10.1093/humrep/deq304
https://doi.org/10.1385/CRIAI:23:3:301
https://doi.org/10.1080/17402520500304352
https://doi.org/10.1080/17402520500304352
https://doi.org/10.1002/phar.1548
https://doi.org/10.1517/14728222.2010.511181
https://doi.org/10.1517/14728222.2010.511181
https://doi.org/10.1016/j.amjcard.2007.02.092
https://doi.org/10.1016/j.amjcard.2007.02.092
https://doi.org/10.1016/j.cardfail.2009.03.008
https://doi.org/10.1016/j.cardfail.2009.03.008
https://doi.org/10.1016/j.amjcard.2006.01.039
https://doi.org/10.1016/j.amjcard.2006.01.039
https://doi.org/10.1097/01.AOG.0000161382.30233.ba
https://doi.org/10.1097/01.AOG.0000161382.30233.ba
https://doi.org/10.1056/NEJM200105243442101
https://doi.org/10.1056/NEJM200105243442101
https://doi.org/10.1016/j.ijcard.2009.08.022
https://doi.org/10.1016/j.ijcard.2009.08.022
https://doi.org/10.1007/s13224-013-0428-9
https://doi.org/10.1007/s13224-013-0428-9
https://doi.org/10.1136/hrt.2006.087387
https://doi.org/10.1136/hrt.2006.087387
https://doi.org/10.1093/cvr/cvw245.
https://doi.org/10.1093/cvr/cvw245.
https://doi.org/10.1016/j.jacc.2014.07.961
https://doi.org/10.1016/j.amjcard.2004.02.053
https://doi.org/10.1002/ejhf.808
https://doi.org/10.1002/ejhf.1178
https://doi.org/10.1002/ejhf.1178
https://doi.org/10.1093/eurheartj/ehv141
https://doi.org/10.1093/eurheartj/ehv141


cardiomyopathy at presentation is associated with subsequent left
ventricular recovery and clinical outcomes. Circ Heart Fail.
2 0 1 6 ; 9 ( 5 ) : e 0 0 2 7 5 6 . h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
CIRCHEARTFAILURE.115.002756.

92. Sheppard R, Hsich E, Damp J, Elkayam U, Kealey A, Ramani
G, et al. GNB3 C825T polymorphism and myocardial recovery
in peripartum cardiomyopathy: results of the multicenter inves-
tigations of pregnancy-associated cardiomyopathy study. Circ
Heart Fail. 2016;9(3):e002683. https://doi.org/10.1161/
CIRCHEARTFAILURE.115.002683.

93. Kamiya CA, Kitakaze M, Ishibashi-Ueda H, Nakatani S, Murohara
T, Tomoike H, et al. Different characteristics of peripartum cardio-
myopathy between patients complicated with and without

hypertensive disorders—results from the Japanese nationwide sur-
vey of peripartum cardiomyopathy. Circ J. 2011;75(8):1975–81.

94. Lee S, Cho GJ, Park GU, Kim LY, Lee TS, Kim DY, et al.
Incidence, risk factors, and clinical characteristics of peripartum
cardiomyopathy in South Korea. Circ Heart Fail. 2018;11(4):
e004134. https://doi.org/10.1161/CIRCHEARTFAILURE.117.
004134.

95. Kayikcioglu M, Tokgozoglu L, Mutluer FO, Ural D, Biteker M.
The rationale and design of the national peripartum cardiomyopathy
registries in Turkey: the ARTEMIS-I and ARTEMIS-II studies.
Turk Kardiyol Dern Ars. 2018;46(1):39–46. https://doi.org/10.
5543/tkda.2018.53248.

306 Curr Heart Fail Rep (2018) 15:297–306

https://doi.org/10.1161/CIRCHEARTFAILURE.115.002756
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002756
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002683
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002683
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004134
https://doi.org/10.1161/CIRCHEARTFAILURE.117.004134
https://doi.org/10.5543/tkda.2018.53248
https://doi.org/10.5543/tkda.2018.53248

	Peripartum Cardiomyopathy: an Update
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Clinical Presentation, Definition, and Diagnosis
	Pathophysiology of PPCM
	Disease Management
	Initial Management
	Chronic Heart Failure Management
	Use of Prolactin Inhibitor Bromocriptine
	Anticoagulation
	Antiarrhythmic Device Therapy

	Circulating Biomarkers of PPCM
	Subsequent Pregnancies
	Learnings from National and Worldwide Registries
	Conclusion
	References


