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Summary

Cardiovascular disease is a major cause of complica-
tions in pregnancy worldwide and the number of pa-
tients who develop cardiac problems during pregnancy 
is increasing. 

The physiological changes occurring during preg-
nancy and in the peripartum period provide a chal-
lenge to the cardiovascular system of all women. Un-
derstanding the morphological and functional changes 
in normal pregnancy is therefore important for the 
timely recognition of cardiovascular pathology during 
this vulnerable period. However, evidence-based clini-
cal data in this field are scarce and there is a deficit in 
understanding general physiological and pathophysio-
logical processes operating in the maternal heart 
around pregnancy. 

This review focuses on novel aspects of physiologi-
cal and pathophysiological changes of the maternal 
cardiovascular system with a special focus laid on hy-
pertensive complications in pregnancy, i.e., pre-eclamp-
sia. A second focus is set on peripartum heart failure, 
especially peripartum cardiomyopathy (PPCM) which 
is a potentially life-threatening heart disease emerging 
towards the end of pregnancy or in the first postpartal 
months in previously healthy women. We present 
 clinical and basic science data on the current state of 
knowledge of normal pregnancy, pre-eclampsia and 
PPCM and bring them into context thereby highlight-
ing promising novel diagnostic tools and therapeutic 
approaches. 
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Introduction

At present, 0.2 to 4% of all pregnancies in western in-
dustrialised countries are complicated by cardiovascu-
lar diseases (CVD) and the number of the patients who 
develop cardiac problems during pregnancy is increas-
ing [1]. Pregnancy, delivery and the peripartum period 
provide a challenge to the cardiovascular system. Un-
derstanding normal pregnancy is therefore important 

for the timely recognition of cardiac 
pathology during this vulnerable 
period. In fact, heart failure is the 
most common complication during 
pregnancy in women with pre-ex-
isting cardiovascular disease, and 

occurs typically at the end of the second trimester, or 
after birth. It is most common in women with pre-exist-
ing cardiomyopathies or pulmonary hypertension and 
is associated with pre-eclampsia and an adverse ma-
ternal and perinatal outcome [2]. 

Apart from pre-existing cardiovascular disease 
that is challenged by pregnancy stress, pregnancy-as-
sociated factors themselves may induce disease of the 
cardiovascular system. The most prevalent ones are 
hypertensive complications such as pre-eclampsia and 
the HELLP syndrome (H = haemolysis, EL = elevated 
liver enzymes, LP = low platelets counts), previously 
unrecognised underlying genetic diseases that mani-
fest as heart failure during pregnancy as the “cardiac 
stress” model, and peripartum cardiomyopathy 
(PPCM).

Cardiovascular disease around pregnancy provides 
substantial challenges for the treating physician espe-
cially due to a lack of evidence-based clinical data, as 
well as a deficit in understanding general physiological 
and pathophysiological processes operating in the 
 maternal heart during pregnancy. 

This review briefly summarises normal physiologi-
cal changes in pregnancy. The major focus will be on 
new onset cardiovascular disease around pregnancy 
and less on pregnancy with already pre-existing cardio-
vascular disease. Finally, it will discuss state-of-the- 
art treatment options, prognosis and novel insights in 
 potential pathophysiologic mechanisms behind preg-
nancy-mediated heart disease.

Normal physiological changes during pregnancy

Pregnancy poses a physiological “stress test” to the car-
diovascular system as haemodynamic changes increase 
cardiac workload throughout pregnancy associated 
with increased cardiac output especially close to term 
and at delivery. The relationship between haemody-
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sure is limited to only a few compounds as summarised 
in the guidelines for treatment of cardiovascular 
disease in pregnancy [1]. In fact, (premature) delivery 
remains often the only “cure” for (pre-)eclampsia. Al-
though acute symptoms and renal damage resolve rel-
atively quickly after delivery, proteinuria and hyper-
tension may take up to two years to disappear implying 
that endothelial injury may be long-lasting. Women 
with pre-eclampsia have 3- to 8-fold increased risk of 
cardiovascular disease (including ischaemic heart dis-
ease, hypertension and stroke), obesity, dyslipidaemia 
and end-stage renal disease later in life [9–11]. More-
over, we observed that almost half of the women with 
PPCM experienced hypertensive disorders and pre- 
eclampsia during pregnancy [12]. As outlined below, 
pre-eclampsia and PPCM share common pathomecha-
nisms including endothelial damage suggesting that 
pre-eclampsia may predispose women to PPCM [13, 
14]. Finally, there are observations that not only the 
mother’s CVD risk is increased by pre-eclampsia but 
also the child’s cardiovascular health is affected with 
higher risks for high blood pressure and stroke (re-
viewed by Ahmed et al. 2014) [8].

Familial predisposition and genetic forms 
of pregnancy-associated cardiomyopathies 

Pregnancy displays a physiological stress test for the 
human heart. Thus, it is not surprising that a subset of 
patients with peripartum heart failure turned out to be 
carriers of mutations associated with familial forms of 
dilated cardiomyopathies (DCM), including mutations 
MYH7, SCN5A, PSEN2, MYH6, TNNT2, cardiac tro-
ponin C (TNNC1), and MYBPC3 [15, 16]. Previously 
not detected non-compaction cardiomyopathy is also 
present in some of these patients [17, 18]. A transient 
condition of borderline non-compaction cardiomyo-
pathy resolving after functional recovery suggests that 
it may not be so easy to distinguish non-genetic forms 
like PPCM from genetically caused or at least fostered 
forms of peripartum heart failure [19]. Additional ge-
netic factors may also contribute to the susceptibility to 
peripartum heart failure, a feature that is especially 
interesting in the light of the higher incidence of 
the disease observed in patients with African ancestry 
[20, 21]. 

In the German PPCM registry only about 16% of 
patients have a positive family history for cardiomyo-
pathies [12]. Thus, the vast majority of patients with 
peripartum heart failure who do not report pre-exist-
ing cardiac disease are considered to have PPCM. Since 
it is not easy to distinguish non-genetic from genetic 
forms of peripartum heart failure and since “true” non-
genetic PPCM patients seem to have a higher chance 
for recovery compared to the genetic forms, careful fa-
milial history taking is important in patients with peri-
partum heart failure. Novel techniques such as next 

namic alterations, hormonal and metabolic changes 
and cardiac pathologies during pregnancy and the 
postpartum period are not well studied. Chung et al. [3] 
recently summarised how the maternal cardiovascular 
system copes with pregnancy. Marked haemodynamic 
changes in the maternal circulation in the first trimes-
ter of pregnancy cause a profound decline in systemic 
vascular resistance (SVR) that, in turn, abets a recipro-
cal increase in cardiac output (CO) of approximately 
40% or 2 l/min lasting throughout pregnancy [3]. These 
circulatory changes are thought to condition the mater-
nal system for the rapid growth phase of the foetus and 
placenta in the 2nd half of pregnancy, when oxygen and 
nutrient demands are rising exponentially. These 
changes need powerful dilatory mechanism(s) to coun-
teract compensatory structural and functional hyper-
trophy for which the pregnancy hormone relaxin (RLN) 
may be responsible [4]. 

The hormonal changes during pregnancy impact 
not only on the cardiovascular system, but also alter 
the propensity to blood clotting and haemorrhage [5]. 
In addition, since glucose is the preferred substrate of 
the fetus, pregnancy reprogrammes the maternal me-
tabolism to maximise shunting of glucose to the fetus 
by developing some degree of insulin resistance in the 
mother shifting her metabolism more towards fatty 
 acids [5].

Thus, pregnancy represents one of the most pro-
found mechanisms of system-wide hormonal, haemo-
dynamic and metabolic reprogramming. To date, our 
understanding of these pregnancy-induced changes, 
and especially alterations in the maternal cardiovascu-
lar system during pregnancy, remains limited and 
more research in this field is warranted to benefit 
mother and fetus health as well as women’s health in 
general. 

Hypertensive complications in pregnancy 
and impact on the cardiovascular system

Hypertensive complications such as pre-eclampsia 
are a common maternal complication of mid/late gesta-
tion that affects up to 8% of pregnant women world-
wide [6–8]. Pre-eclampsia has been defined as onset 
of sustained hypertension (>140 mm Hg systolic or 
>90 mm Hg diastolic blood pressure) with development 
of proteinuria of at least 1+ on dipstick or >300 mg per 
24 hours after 20 weeks of gestation. Severe disease 
is defined as blood pressure >160 mm Hg systolic or 
>110 mm Hg diastolic, proteinuria >5 g per 24 hours, 
neurological symptoms such as seizures, pulmonary 
oedema, hepatic or renal dysfunction, thrombocyto-
penia or fetal growth restriction [4]. Pre-eclampsia is a 
leading cause for premature delivery with high risk for 
maternal, fetal and neonatal morbidity and mortality 
[4]. To date, no specific therapies for pre-eclampsia are 
available and pharmacological control of blood pres-
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generation sequencing may be helpful in these patients 
to identify disease-causing factors and co-factors. 

Peripartum cardiomyopathy (PPCM)

In contrast to the above-mentioned genetic forms, 
PPCM is defined as a non-familial form of peripartum 
heart failure characterised as “an idiopathic cardio-
myopathy presenting with heart failure secondary to 
left ventricular (LV) systolic dysfunction towards the 
end of pregnancy or in the months following delivery, 
where no other cause of heart failure is found” as pro-
posed by the Working Group on PPCM from the Heart 
Failure Association of the ESC [22]. Clinically, PPCM 
resembles dilated cardiomyopathy (DCM) but the LV 
may not always be dilated. The ejection fraction (EF) is 
nearly always reduced below 45% [22]. PPCM is con-
sidered an independent disease, whose diagnosis relies 
on its relation to pregnancy and the exclusion of other 
cardiomyopathies [22, 23].

PPCM is increasingly recognised as an important 
condition for women’s health and its incidence in the 
USA (and also in Europe) is rising (from 1 in 4350 be-
tween 1990 and 1993 to 1 in 2229 between 2000 and 
2002) [24]. Mielniczuk et al. attributed this mainly to 
rising maternal age and a substantial increase in mul-
tifoetal pregnancies due to reproductive techniques as 
well as increasing awareness. In fact, the rising inter-
est in pregnancy-related cardiac research [13, 25, 26], 
the international registry on PPCM as part of the EU-
RObservational Research Programme (http://www.
eorp.org) [27] and other national and international re-

porting facilities [12, 28, 29] may contribute to greater 
awareness and the larger number of PPCM cases diag-
nosed in recent years. 

PPCM can present very dramatically with acute 
heart failure needing intensive care admission, or it 
may develop subtly over several weeks. Especially in 
the slow developing form of PPCM, physicians are of-
ten faced with the situation on how to distinguish be-
tween peripartum discomfort in healthy women, such 
as fatigue, mild shortness of breath or mild oedema, 
from the pathological symptoms of PPCM. Unspecific 
symptoms of cardiac congestion, such as abdominal 
discomfort, pleuritic chest pain and palpitations can 
also occur. Establishing the diagnosis of PPCM there-
fore relies on a high index of suspicion, as early signs 
and symptoms of heart failure and peripartum-associ-
ated physiological discomfort are often not easy to dis-
tinguish which can markedly delay diagnosis [20, 22, 
30]. Experts in the field suggest careful history taking 
with the exact onset of symptoms in relation to preg-
nancy and a low threshold for diagnostic confirmation 
or exclusion of LV systolic dysfunction using echocar-
diography (and/or MRI) [20, 21]. 

Pathomechanisms of PPCM

In recent years great advances were made in dis-
covering pathomechanisms that induce and drive 
PPCM. Among them low selenium levels, various vi-
ral infections, stress-activated cytokines, inflammation 
and autoimmune reaction and a pathologic response to 
haemodynamic stress are suspected [20, 31]. More re-
cent studies suggest that different factors may induce 
PPCM and finally merge into a common pathway 
which includes the coincidental presence of unbalanced 
oxidative stress and high levels of the nursing hormone 
Prolactin (PRL) leading to the production of an angio-
static and pro-apoptotic 16-kDa PRL [25, 26]. The 16-
kDa PRL mainly impacts on the endothelium and may, 
together with additional anti-angiogenic factors such 
as soluble fms-like tyrosine kinase-1 (sFlt1), disturb 
the angiogenic balance in the peripartum phase, 
thereby leading primarily to damage of the endothe-
lium. This notion emphasises that PPCM may initially 
start as a disease of the endothelial layer [13, 14]. Sub-
sequently, the impaired vasculature affects also the 
cardiac muscle in part by lowering survival signals and 
by inducing metabolic shortage, which finally impact 
on cardiac function [13, 26].

Interestingly, oxidative stress rises during un-
eventful pregnancies [32] and may be needed to en-
hance the maternal defence potential against patho-
gens during pregnancy where the immune system is 
compromised and the risk of infections is high, espe-
cially around term and during delivery. In normal preg-
nancy a parallel increase in total antioxidant capacity 
with a peak early postpartum is observed [32]. In addi-

Figure 1
Cardiac magnetic resonance imaging (MRI) of the heart of a patient 
with acute PPCM. The T2-weighted image demonstrates intramyo-
cardial oedema detectable in some patients at the time of initial 
diagnosis (arrow).
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tion,  experimental models suggest an increase in 
organ- specific anti-oxidative defence mechanisms that 
seems specifically important in the maternal heart 
during the peripartum phase [13, 26]. These experi-
mental studies discovered the involvement of signal-
ling pathways including signal transducer and activa-
tor of transcription 3 (STAT3) and peroxisome prolifer-
ator-activated receptor gamma co-activator 1-alpha 
(PGC1α) which increase the expression of antioxidative 
enzymes such as manganese sodium dismutase (Mn-
SOD) [13, 26]. Moreover, the maternal heart also seems 
to up-regulate the expression of pro-angiogenic factors, 
i.e., vascular endothelial growth factor (VEGF), for ad-
ditional protection from anti-angiogenic factors includ-
ing the 16-kDa PRL, its downstream mediator micro-
RNA-146a and sFlt1 [13, 26].

During late pregnancy, sFlt1 is released from the 
placenta and abnormally high levels of this factor have 
been associated with pre-eclampsia. Clinically, pre- 
eclampsia causes cardiac dysfunction independent of 
blood pressure [6, 33]. We observed that sFlt1 is in-
creased in the serum of patients with PPCM even sev-
eral days or weeks after delivery [13]. Furthermore, in 
our German PPCM registry, pre-eclampsia during 
pregnancy was frequently present in patients who 
later developed PPCM [12]. These data suggest a po-
tential connection between the two diseases which in-
volves increased sFlt1 and an insufficient up-regula-
tion of cardiac expression of VEGF [13]. Supporting 
this notion, a therapeutic concept using the prolactin 
blocker bromocriptine and recombinant VEGF could 
prevent experimental PPCM in mice [13].

Figure 2
Scheme depicting pathophysiological concepts in PPCM. Coincidental presence of Prolactin (23-kD PRL) released from the pituitary gland is under 
conditions of enhanced oxidative stress (ROS) proteolytically cleaved to a 16-kDa PRL fragment by proteases, such as cathepsin D, which is at least 
in part released by cardiomyocytes. In PPCM this process is induced by a shift in the redox balance towards increased oxidative stress due to the 
down-regulation of transcription factors STAT3 and PGC1α and/or by increased Akt activation, which all lead to suppression of anti-oxidative 
enzymes such as MnSOD. The 16-kDa PRL exerts angiostatic effects in endothelial cells, which are mediated mainly by miR-146a, the microRNA 
induced by 16-kDa PRL. The 16-kDa PRL induces also the shedding of miR-146a containing exosomes, which are impairing metabolic activity in 
cardiomyocytes. Furthermore, 16-kDa promotes via activation of NFkappaB endothelial inflammation. In some PPCM patients IFNg (possibly induced 
by pathogens) and/or 23-kDa PRL may in addition promote cardiac inflammation via up-regulation of the pro-inflammatory chemokine CCL2 in 
cardiomyocytes, a setting that seems to be specifically detrimental. STAT3 and PGC1α are also needed to protect the cardiac vasculature from sFlt1, 
an additional anti-angiogenic factor present in the peripartum phase, by increasing the cardiac expression of the pro-angiogenic factor VEGF that is 
neutralising the adverse effects of sFlt1. Thus, blocking prolactin by bromocriptine, neutralising miR-146a by antagomir strategies and/or VEGF 
agonist treatment could be novel disease-specific therapeutic concepts for PPCM.
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Taken together, these data indicate that PPCM 
may often start as a disease of the endothelium, lead-
ing to loss or damage of the vasculature. Moreover, 
PPCM may be a multifactorial disease caused by the 
coincidental presence of unbalanced oxidative stress, 
impaired cardioprotective and pro-angiogenic signal-
ling and high expression of anti-angiogenic factors. 
Part of these mechanisms may already be initiated 
during pregnancy for example by pre-eclampsia. The 
current understanding of pathomechanisms inducing 
PPCM is explained in more detail in a recent review 
and summarised in figure 2 [14].

Biomarkers

As mentioned above, the diagnosis of PPCM is often 
delayed and complicated by the fact that symptoms of 
heart failure overlap to some degree with normal preg-
nancy-associated discomfort. In addition, PPCM pa-
tients are frequently not seen first by cardiologists. 
Therefore, biomarkers would help to identify PPCM 
patients and refer them to expert physicians for fur-
ther diagnostic assessment. NT-proBNP, a frequently 
used marker for heart failure is almost always in-
creased in patients with peripartum heart failure but 
not in peripartum women without heart failure [12, 34] 
and would therefore be an easy marker to be tested in 
any peripartum woman reporting discomfort. However, 
NT-proBNP is a rather unspecific marker for heart 
 failure. In turn, the recently discovered miR-146a is a 
direct downstream effector of the PPCM-causing factor 
16-kDa PRL [25]. We recently showed that circulating 
miR-146a is specifically up-regulated in patients with 
PPCM, but not in healthy peripartum women or in 
 patients with DCM [12, 25]. The fact that 16-kDa PRL 
induces shedding of miR-146a containing endothelial 
exosomes fits well with the observation that the 
endothelial microparticles are up-regulated in patients 
with PPCM [35]. 

Thus, currently NT-proBNP is a commercially 
available marker for screening of peripartum heart 
failure. Experimental data are promising to develop 
more disease-specific markers that may help in the 
 future to distinguish PPCM from other types of heart 
failure allowing optimal early management and risk 
stratification for these young patients. 

Therapeutic concepts and management 
for PPCM

Currently, peripartum heart failure is treated accord-
ing to the ESC guidelines for heart failure in preg-
nancy [1]. In brief, late in pregnancy therapeutic inter-
ventions need to consider the health of the mother and 
the fetus while after delivery standard therapy for 
heart failure (beta-blockers, ACE-inhibitors/AT1-block-
ers diuretics, mineralocorticoid receptor antagonists) is 

recommended. The more recent insights into the patho-
physiology of peripartum heart failure and especially 
PPCM provide novel and more disease-specific thera-
peutic concepts. The potential role for the angiostatic 
and pro-apoptotic 16-kDa PRL in the initiation and 
progression of PPCM leads to the idea that blocking 
prolactin in PPCM patients might be beneficial. In-
deed, the suppression of PRL release by the dopamine 
D2 receptor agonist bromocriptine could prevent the 
onset of disease in several animal models of PPCM [13, 
26]. In addition, several case reports and a small clini-
cal study showed that the addition of bromocriptine to 
standard heart failure therapy was associated with im-
proved LV function and a composite clinical outcome in 
women with acute severe PPCM [22, 26, 36, 37]. Cur-
rently the efficacy of the bromocriptine therapy concept 
is investigated in larger controlled randomised multi-
centre trials in Germany (randomisation of 60 PPCM 
patients to standard therapy for heart failure with or 
without bromocriptine, the study is registered at Clini-
calTrials.gov, study number: NCT00998556).

It is important to note that PPCM patients are at 
a relatively high risk for sudden death [34, 38]. First 
observations suggest that PPCM patients with severe ly 
depressed cardiac function and/or ventricular arrhyth-
mias may benefit from wearable cardioverter/defibril-
lator (WCD). In a single centre observational study, 
we treated all patients with LV ejection fraction <35% 
with a WCD and observed several appropriate shocks 
during the following months (unpublished observa-
tions). Thus, we suggest considering early WCD ther-
apy in PPCM patients with severely depressed LV 
function. As many PPCM patients recover from the dis-
ease or display at least marked improvement of systolic 
LV function, operative ICD or CRT-D implantation for 
primary prophylaxis is not recommended during the 
first six months after instituting appropriate medical 
heart failure therapy.

An additional important point concerns future 
pregnancies in PPCM patients. Due to the risk for re-
lapse of heart failure PCCM patients should be dis-
couraged from becoming pregnant again. Our and 
other investigators’ observations from PPCM patients 
with sub sequent pregnancies suggest that these pa-
tients frequently tolerate the pregnancy state quite 
well, especially if they enter the subsequent pregnancy 
with fully recovered cardiac function [22, 39]. However, 
cardiac dysfunction re-emerges often in the peri- and 
postpartum phase [22, 39]. Therefore, subsequent preg-
nancies in PPCM patients should always be followed in 
ex perienced centres with close collaboration between 
obstetricians and heart failure cardiologists. This is es-
pecially important in PPCM patients who become preg-
nant without complete recovery of LV function. 

PPCM patients should be informed about contra-
ceptive options (we recommend IUD since hormonal 
contraceptives may interact with heart failure medica-
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tion, and counsel them about the risk for relaps in sub-
sequent pregnancies). 

Conclusion

In recent years the awareness for PPCM has increased 
for the benefit of these patients. Larger clinical data 
sets are collected and analysed, thus allowing more in-
sight into the pathophysiology of the disease and pro-
viding important information for diagnosis and man-
agement of these patients. Large clinical registries on 
peripartum heart failure (ESC EUROOBS program 
(www.escardio.org) [40] together with experimental re-
search are needed to further broaden our understand-
ing of PPCM with regard to its aetiology, risk factors, 
diagnosis and, most importantly, optimised treatment 
strategies and management.
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