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Abstract: Peripartum cardiomyopathy (PPCM) is a form of idiopathic dilated cardiomyopathy affecting women in late 

pregnancy or early puerperium. Although initially described in the late 1800s, it has only recently been recognized as a 

distinct cardiac condition. The reported incidence and prognosis varies according to geography. The clinical course varies 

between complete recovery to rapid progression to chronic heart failure, heart transplantation or death. In spite of 

significant improvements in understanding the pathophysiology and management of the PPCM many features of this 

unique disease are poorly understood, including incidence, etiology, epidemiology, pathophysiology, predictors of 

prognosis and optimal therapy. The present article revisits these concepts and recent advances in PPCM. 
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INTRODUCTION 

 Peripartum cardiomyopathy (PPCM) is usually defined 
as development of heart failure secondary to left ventricle 
systolic dysfunction towards the end of pregnancy or in the 
months following delivery, without other identifiable causes 
for dysfunction of the heart [1, 2]. PPCM can be difficult to 
recognize because symptoms of heart failure such as 
orthopnea, dyspnea, edema (most commonly in the legs and 
ankles), palpitations, chest pain and cough may be present in 
women during the last months of a normal pregnancy and 
early puerperium.  

HISTORICAL PERSPECTIVE OF DEFINITION ıN 
PPCM 

 The association between cardiac failure and the puer-

perium was first noted in the 19th century [3-5] but PPCM 

was first described by Gouley and colleagues in 1937 who 
were described the clinical and pathological features of 7 

pregnant women with fatal heart failure [6] (Fig. 1). One 

year late Gouley, Hull and Hidden described 80 patients with 
this condition and defined it ‘Postpartal Heart Failure’ [7]. In 

1971, Demakis et al. were first to describe the diagnostic 

criteria of PPCM [8] as the development of new onset heart 
failure within the last month of pregnancy or first 5 months 

postpartum, in the absence of any identifiable cause for heart 

failure, and any recognisable heart disease before the last 
month of pregnancy. In 1997, the National Heart, Lung, and 

Blood Institute (NHLBI) and the Office of Rare Diseases of 
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the National Institutes of Health (NIH) of the United States, 
added echocardiographic criteria, such as depressed left 
ventricular shortening fraction (<30%) or left ventricular 
ejection fraction (<45%) to Demakis’s definition of PPCM 
[9]. In 1999, Hibbard has also proposed that additional cri-
teria should include objective echocardiographic measure-
ments of left ventricular dysfunction (ejection fraction less 
than 45%, fractional shortening of 30% or both and end-
diastolic dimension of greater than 2.7 cm/m� body surface 
area) (10]. Uri Elkayam and colleagues showed that al-
though the majority of patients with PPCM are diagnosed 
in the peripartum period, early presentation during preg-
nancy is not uncommon [11]. They evaluated 23 cases with 
pregnancy-associated cardiomyopathy diagnosed between 
the 17th and 36th weeks of gestation found them to be in-
distinguishable from 100 women meeting classic criteria 
for PPCM [11].  

 These findings indicate that PPCM and pregnancy-
associated cardiomyopathy are part of the same clinical spec-
trum and some patients may present with PPCM symptoms 
earlier than the last gestational month. A recent position 
statement from a European Society of Cardiology (ESC) 
working group on PPCM has therefore expanded the defini-
tion of PPCM to “an idiopathic cardiomyopathy presenting 
with heart failure secondary to left ventricle systolic dys-
function towards the end of pregnancy or in the months fol-
lowing delivery, where no other cause of heart failure is 
found” [12]. 

EPIDEMIOLOGY 

 The true incidence of PPCM is unknown due to incom-
plete detection and reporting of cases and lack of systematic 
epidemiological studies. Most studies were single-centre  
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case series and reflect a variance in the incidence of PPCM 
in different parts of the world, suggesting a geographical 
and etnic disparity. Most of these studies were performed 
in the USA, Haiti and South Africa. From the available 
literature, the incidence of PPCM appears to be around 1 in 
1149–4350 in the USA [13-16], 1 in 1000 in South Africa 
[17-19], and 1 in 299 in Haiti [20, 21]. Data from the rest 
of the world including European countries are much more 
limited. 

ETIOLOGY 

 The etiology and pathogenesis of PPCM is poorly un-
derstood. Multiple etiologies have been proposed for 
PPCM including inflammation, viral myocarditis, abnormal 
immune or hemodynamic response to pregnancy, apoptosis, 
hormonal abnormalities, impaired angiogenesis, increased 
oxidative stress, malnutrition, cardiomyocyte-speci�c dele-
tion of the transcription factor signal transducer and activa-
tor of transcription 3 (STAT3) protein and genetic factors. 
Studies supporting these etiologies are discussed in more 
detail below. 

INFLAMMATION 

 In a single-centre, prospective study of 100 patients 
with newly diagnosed PPCM, Sliwa and colleagues re-
ported that the baseline levels of C-reactive protein (CRP) 
correlated positively with baseline left ventricle diameters 
and inversely with left ventricle ejection fraction and 
baseline Fas/Apo-1 levels predicted mortality [18]. In 
another study, serum markers of in�ammation, including 
CRP, interferon � and interleukin-6, have been found to 

be elevated in PPCM patients compared with healthy fe-
male control subjects [22]. 

MYOCARDITIS 

 Some previous studies suggested that PPCM might be 
caused by viral infections. Reported incidence of myocardi-
tis in peripartum cardiomyopathy varies from 9% to 62% 
[23-27].  

 Bultmann and colleagues performed molecular investiga-
tion of endomyocardial biopsy specimens from 26 patients 
diagnosed with PPCM [24]. Eight patient specimens (30.7%) 
demonstrated viral genomes from a wide variety of patho-
gens, including parvovirus B19, human herpes simplex vi-
rusn 6, Epstein Barr virus, and human cytomegalovirus. 
However, the prevalence of these viruses was virtually iden-
tical in 33 women control subjects (30.3%) without evidence 
of myocardial tissue inflammation who had endomyocardial 
biopsy for the exclusion of myocarditis or medication-
associated cardiac disease. Felker and colleagues studied a 
population of 42 women with PPCM, all of whom had un-
dergone an endomyocardial biopsy, and right heart catheteri-
zation [27]. In this study, 62% of the study subjects had 
clinical histologic evidence of myocarditis or borderline 
myocarditis.  

 Cenac et al. found a correlation between anti-
Chlamydia pneumoniae antibodies and PPCM in and sug-
gested that these antibodies were prognostic indicators for 
PPCM; with higher levels of the antibodies being associ-
ated with a poorer prognosis [28, 29]. Although these 
�ndings suggest an association between myocarditis and 
PPCM, no causal relationship has yet been determined.  
 

Fig. (1). Historical perspective of definition in peripartum cardiomyopathy. 
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Depression of immune function during pregnancy might 
contribute to triggering the reactivation of a latent virus and 
result in PPCM. 

ABNORMAL IMMUNOLOGIC AND HEMODY-
NAMIC RESPONSES TO PREGNANCY 

 Fetal microchimerism refers to the presence of very low 
numbers of fetal cells in a woman who is, or has been, preg-
nant [30]. It has been estimated that the number of fetal cells 
in maternal peripheral blood during the second trimester is 
around 1–6 cells/ml [31]. 

 Increased fetomaternal transfer of cells occurs after ter-
mination of pregnancy, and women with a history of fetal 
loss have been reported to exhibit a high frequency of  
fetal cell microchimerism [30, 31]. Ansari and colleagues 
suggested that fetal microchimerism may trigger an  
exaggerated autoimmune response in the postpartum period 
[32]. This could explain the higher incidence of PPCM  
in twin pregnancies and recurrences in subsequent  
pregnancies. 

 Physiological changes during pregnancy facilitate the 
adaptation of the cardiovascular system to the increased 
metabolic needs of the mother [33]. These changes cause a 
reversible hypertrophy and dilatation of the left ventricle 
which resolves shortly after birth in a normal pregnancy. 
PPCM patients may have an abnormal left ventricular recov-
ery response to physiological changes [34]. 

PROLACTIN 

 STAT3 is thought to be involved in cardiac protection 
from pregnancy induced oxidative stress by inhibition of the 
reactive oxygen species. Recently, Hilfiker-Kleiner et al. 
demonstrated that female mice with cardiomyocyte-specic 
deletion of STAT3 developed PPCM phenotype [35]. A re-
duction in STAT-3 leads to increased oxidative stress and 
activation of cathepsin D, which cleaves prolactin into its 
antiangiogenic and proapoptotic 16 kDa fragment. The 16 
kDa fragment inhibits endothelial cell proliferation and mi-
gration, induces endothelial cell apoptosis and impairs car-
diomyocyte function [35].  

GENETIC FACTORS  

 PPCM has been classified as a nongenetic form of di-
lated cardiomyopathy [36]. However, a few previous case 
reports have reported familial clustering suggesting a po-
tential genetic basis [37-40]. Familiality and genetics of 
PPCM were characterized in two recent studies. Morales et 
al. performed a systematic search of 110 women from 520 
families of patients with nonischemic dilated cardiomyopa-
thy and identified 45 patients with PPCM [41]. Nineteen 
patients underwent genetic sequencing for genes known to 
be associated with dilated cardiomyopathy. Familial muta-
tions were identified in MYH7, SCN5A, and PSEN2 genes 
and sporadic mutations in MYH6 andTNNT2 genes of peri-
partum cardiomyopathy patients. Similarly van Spaen-
donck-Zwarts et al. reviewed a database of 90 dilated car-
diomyopathy families, and identified that 5 (6%) of 90 
families included patients with PPCM [42]. Genetic analy-
ses showed a mutation in the gene encoding cardiac tro-

ponin C (TNNC1) in one dilated cardiomyopathy family 
with members of PPCM. These findings suggest that PPCM 
may have a genetic predisposition.  

RISK FACTORS FOR PPCM 

 Though the exact cause of PPCM is unknown, several 
potential risk factors have been identified. Advanced mater-
nal age, black race, multiparity, multiple gestations, obesity, 
smoking, being unmarried, prolonged tocolysis, malnutri-
tion, cocaine abuse, low socioeconomic status, twin preg-
nancies, history of hypertension, preeclampsia, and eclamp-
sia are each associated with a higher incidence of PPCM, but 
without a direct causal association in large prospective stud-
ies [43-52]. 

 In a recent study, Patten et al. showed that mice that lack 
cardiac PGC-1�, a major regulator of angiogenesis, develop 
PPCM [53]. PGC-1� contributes to angiogenesis by regulat-
ing the expression of vascular endothelial growth factor 
(VEGF) and by indirectly preventing the cleavage of prolac-
tin into a smaller anti-angiogenic protein. The authors found 
that female PGC-1� knockout mice showed cardiac dilation 
and dysfunction after birth, whereas control females and 
male mice displayed none of these effects. The authors de-
tected high levels of soluble VEGF receptor Flt-1 (sFlt-1) 
both in women with PPCM and in women with preeclampsia 
or multiple gestations. sFlt-1 has anti-angiogenic properties 
and induced severe heart failure when administered to PGC-
1� knockout mice even in the absence of pregnancy. These 
results showed that insufficient angiogenesis causes PPCM 
and point towards sFtl-1 as a possible therapeutic target. 
These data may also explain how late pregnancy poses a 
threat to cardiac homeostasis, and why preeclampsia and 
multiple gestation are important risk factors for the devel-
opment of PPCM. 

CLINICAL PRESENTATION AND DIAGNOSIS  

 PPCM is usually diagnosed in the first 6 months postpar-
tum and in some cases, prepartum. Presentation of PPCM is 
similar to that of patients presenting with heart failure due to 
other causes. However, diagnosis of PPCM is often missed 
or delayed because most of the signs and symptoms of nor-
mal pregnancy are similar to those of heart failure [54].  

 Patients usually present with palpitations, peripheral 
edema, fatigue, shortness of breath at rest or on exertion, 
cough, hemoptysis, chest pain, and/or paroxysmal nocturnal 
dyspnea [54, 55].  

 Physical examination often reveals tachycardia, tachyp-
nea, jugular venous distension, displaced apical impulse, 
right ventricular heave, murmurs of mitral and tricuspid re-
gurgitation, third heart sound (S3), pulmonary rales, hepa-
tosplenomegaly, ascites, and peripheral edema. Blood pres-
sure is frequently increased but it may be normal or de-
creased [54, 55]. 

 PPCM should be diagnosed after careful exclusion of 
other medical conditions such as anemia, thyroid disorders, 
idiopathic dilated cardiomyopathy, accelerated hypertension, 
myocardial infarction, sepsis, severe preeclampsia, valve 
disease, postpartum depression, pulmonary vasculitides, am-
niotic fluid embolism and pulmonary embolism [55]. 
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IMAGING 

 The resting 12-lead electrocardiogram (ECG) is the 
first-line diagnostic tool in the assessment of patients with 
suspected PPCM. Although a normal ECG does not rule 
out the diagnosis, most women suffering from PPCM have 
an abnormal ECG. The most common abnormalities on the 
ECG are ST- or T-wave abnormalities, p-wave abnormal-
ity, bundle branch block, left ventricular hypertrophy, ven-
tricular or supraventricular arrhythmias, and QRS-axis de-
viation [56-58]. Radiological signs of heart failure such as 
cardiomegaly, Kerley B lines, prominent pulmonary vascu-
lature, pulmonary edema, and pleural effusion can be found 
at chest X-ray. 

 Echocardiography is the most important diagnostic tool 
in PPCM and is without adverse effects. The finding of left 
ventricular systolic dysfunction is essential in the diagnosis, 
and other criteria include a left ventricular ejection fraction 
less than 45 %, fractional shortening of less than 30 % on M-
mode echocardiography, or both, and a left ventricular end-
diastolic dimension of greater than 2.7 cm/m

2
 of body sur-

face area [59, 60]. Tranthoracic echocardiography can also 
detect mural thrombus, mitral or tricuspid regurgitation, right 
ventricular systolic dysfunction, and pericardial effusion 
[61]. To our knowledge, there are no studies that have vali-
dated the usefulness of new echocardiographic techniques 
such as tissue Doppler imaging, three dimensional echocar-
diography, speckle tracking and/or strain rate imaging in 
PPCM.  

 Magnetic resonance imaging (MRI) has been widely 
used to evaluate obstetrical, placental, and fetal abnormali-
ties in pregnant patients. Intravenous gadolinium is contra-
indicated in pregnancy, and should only be used if abso-
lutely essential, and only after discussion of risks and bene-
fits with the patient. Although safety concerns have been 
raised with respect to both mother and fetus, to date, there 
has been no reports that the use of clinical MR imaging 
without gadolinium during pregnancy had resulted in dele-
terious effects [62-64]. Still, MRI is suggested to be 
avoided during pregnancy, particularly during the first tri-
mester, but may be preferable to other studies using ioniz-
ing radiation. Lactating women who receive iodinated con-
trast or gadolinium can continue breast feeding without 
interruption [62-64]. The role of cardiac MRI has been in-
vestigated in a limited number of studies with small study 
populations of PPCM [65-68].  

 Marmursztejn et al. described the cardiac MRI images 
of two patients with PPCM [66]. The first patient had 
nogadolinium enhancement with cardiac MRI at baseline, 
and regained normal cardiac function at clinical follow-up. 
The second patient had several areas of myocardial late 
gadolinium enhancement, and had persistent left ventricular 
dysfunction on clinical follow-up. Mouquet et al. reported 
that in a study of 8 patients diagnosed with PPCM, except 
for depressed ejection fraction, the patients did not exhibit 
a specific myocardial MRI pattern or myocardial late en-
hancement [68]. Differences in cardiac MRI appearances of 
the patients with PPCM may be releted to differences in 
pathophysiology, myocardial inflammation, myocardial 
involvement, disease severity or duration between patients.  

BIOMARKERS 

 There are limited data regarding the use of biomarkers in 
the diagnosis and therapy of PPCM. Hu et al. prospectively 
evaluated 106 newly diagnosed PPCM patients and 
measured Troponin T concentration within 2 weeks of the 
onset of the disease [69]. They found that an initial Troponin 
T concentration of >0.04 ng/ml predicted persistent left 
ventricular dysfunction at 6-months follow-up. Fett et al. 
showed that N-terminal pro-B-type natriuretic peptide (NT-
proBNP) and high-sensitivity CRP levels were markedly 
increased in patients with acute PPCM compared to controls 
[70]. Forster et al. showed that, baseline CRP levels were 
similar in patients with complete recovery and nonrecovery, 
whereas median serum levels of NT-proBNP were 
significantly higher in nonrecovered patients [22].  

 Invasive evaluation, such as cardiac catheterization or 
endomyocardial biopsy, is usually unnecessary for diagnosis 
or treatment. Coronary arteries are usually normal in PPCM 
and the endomyocardial biopsy usually reflects nonspecific 
edema, inflammation, hypertrophy, and fibrosis, and thus is 
not warranted. 

MANAGEMENT 

 The management of patients with PPCM is similar to that 
of other forms of non-ischaemic dilated cardiomyopathy but 
must be individualized based on the patient's clinical presen-
tation. For optimal management of PPCM, a multidiscipli-
nary team approach involving physicians (cardiologist, ob-
stetrician, anaesthetist and paediatrician) and several allied 
health care disciplines are essential. Therapeutic aspects of 
PPCM management can be evaluated in two steps: acute 
stabilization and chronic therapy (Fig. 2). 

ACUTE THERAPY 

 The goals of treatment in PPCM patients presenting with 
acute heart failure are to relieve symptoms and signs, opti-
mize volume status, prevent hospital admissions, improve 
quality of life, increase functional capacity and improve sur-
vival. Heart failure should be treated according to the guide-
lines for management of acute or chronic heart failure [71]. 
Immediate delivery is recommended for all women with sig-
nificant hemodynamic instability, regardless of gestational 
age, to prevent potential maternal and fetal complications. 
Hospital admission is recommended for patients with acute 
decompensated heart failure [71]. Supplemental oxygen may 
be administered if hypoxemia is present. Initial therapy of 
acute decompensated heart failure usually includes a diuretic 
such as furosemide. Combination of a vasodilator such as 
nitroglycerin, angiotensin converting enzyme (ACE) inhibi-
tors or angiotensin receptor blockers (ARBs), and beta 
blockers should be used in the acute setting in patients with-
out marked bradycardia or marked hypotension. Inotropic 
agents should usually be reserved for patients with low car-
diac output with compromise of vital organ perfusion. 

 Dopamine, dobutamine, milrinone and levosimendan can 
be used for inotropic support. Beneficial effects of 
levosimendan therapy, a promising new inotrope, have been 
described in five case reports previously [72-76]. However,  
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in a prospective, randomized study we treated 12 PPCM pa-
tients with conventional heart failure therapy and 12 patients 
with levosimendan in addition to the conventional therapy. 
After a mean follow-up period of 21 months addition of 
levosimendan to conventional therapy did not improve out-
come in patients with PPCM [77].  

 In addition to the above-mentioned standard therapeu-
tic options for heart failure, specific targeted agents have 
been advocated for treatment of PPCM. In a retrospective 
study of women with PPCM, patients treated with high 
dose immune globulin had a greater improvement in ejec-
tion fraction during early follow-up than patients treated 
conventionally [78]. Pentoxifylline, a vasodilator drug 
that also inhibits tumour necrosis factor �, has been 
shown to improve outcome in a small study when added 
to conventional treatment [79]. Recently, inhibition of 
prolactin release by bromocriptine or cabergoline has 
been reported as a promising specific therapeutic ap-
proach to treat patients with PPCM and to prevent devel-
opment of cardiomyopathy in PPCM patients with subse-
quent pregnancies [80-84]. 

 In a prospective, single center, randomized study, 
Sliwa et al. [85] reported that the addition of bro-
mocriptine to standard heart failure therapy in women 
with PPCM, resulted in significantly greater improve-
ments in functional capacity and left ventricle function, 
than with standard therapy alone. However, bromocriptine 
therapy is not without risk. There have been a few case 
reports of acute thromboembolic events such as myocar-
dial infarction and central retinal vein occlusion in women 
receiving bromocriptine for the suppression of postpartum 
lactation [86-88].  

 Therefore, bromocriptine may be applied in combination 
with anticoagulants such as low-dose heparin. Larger, ran-
domized studies are needed in order to confirm the beneficial 
effects of bromocriptine in PPCM. Similar to bromocriptine, 
all other specific treatment modalities such as IV immuno-
globulin, pentoxifylline mentioned above were studied in 
small-scale or uncontrolled trials. Their efficacy and safety 
will need to be validated in large scale randomized con-
trolled trials to be considered as definitive and beneficial 
treatment options for PPCM. 

 In patients with refractory decompensated heart failure 
despite optimal medical therapy, implantation of a mechani-
cal assist device or cardiac transplantation may need to be 
considered, especially in patients who are dependent on 
inotropes or intra-aortic balloon pump counterpulsation. Re-
cent studies have demonstrates that most PPCM patients 
treated with conventional therapy will survive, and more 
than 50% will have complete recovery of left ventricular 
systolic function [2, 11]. Therefore, cardiac transplantation 
or mechanical circulatory support, should be considered as 
the last resort for patients with PPCM, when all other treat-
ments have failed. 

CHRONIC MANAGEMENT 

 For the management of PPCM prepartum, the pregnancy 
status of the patient is important. Possible adverse effects on 
the fetus must be considered when prescribing medications 
for patients presenting with PPCM during pregnancy. There-
fore, in the following section, management of chronic heart 
failure in PPCM patients will be summarized separately for 
theantepartum and postpartum periods. 

Fig. (2). Management of peripartum cardiomyopathy. 
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1. Antepartum Management 

 Angiotensin converting enzyme inhibitors and ARBs are 
contraindicated during pregnancy and breast feeding; how-
ever, they are recommended for management of PPCM in 
the postpartum period [89] for mothers who are not breast-
feeding. Hydralazine and nitrates can be used instead of 
ACE inhibitors/ARBs during pregnancy. Digoxin and diuret-
ics may be used safely during pregnancy and while breast-
feeding. While some beta blockers may be considered fairly 
safe for use during pregnancy, beta blockers may cause cer-
tain risks to the fetus if taken during late pregnancy.  

 Some of these risks may include a very low heart rate, 
low blood sugar levels, growth retardation and/or decreased 
breathing [90-92]. The U.S. Food and Drug Administration 
(FDA) uses a pregnancy category system to classify the pos-
sible risks to a fetus when a specific medicine is taken during 
pregnancy. Pregnancy Category B is given to medicines that 
have not been adequately studied in pregnant humans, but do 
not appear to cause harm to the fetus in animal studies and 
these include beta blockers like acebutolol, pindolol and so-
talol. Pregnancy Category C is given to medicines that have 
not been studied in pregnant humans, but do appear to cause 
harm to the fetus in animal studies. Also, medicines that 
have not been studied in any pregnant women or animals are 
automatically given a pregnancy Category C rating. These 
include most of the beta blockers used in heart failure such 
as carvedilol, metoprolol and bisoprolol. Pregnancy Cate-
gory D is a classification given to medicines that have been 
shown to present a risk to the fetus in studies of pregnant 
women, but may still offer benefits that outweigh the risks 
the drug presents. A pregnancy Category D medicine may 
still be given to a pregnant woman if the healthcare provider 
believes that the benefits to the woman outweigh the possi-
ble risks to the unborn child. Only one beta blocker, atenolol 
is officially a pregnancy Category D medication [93].  

 Spironolactone is thought to have antiandrogenic effects 
in the first trimester and has been assigned to pregnancy 
category C by the United States Food and Drug Administra-
tion (FDA) and should be avoided during pregnancy and 
breastfeeding. 

 Pregnancy itself is a hypercoaguable state associated with 
increased levels of coagulant factors and decreased levels of 
natural anticoagulants [94, 95]. Left ventricular dysfunction, 
in addition to a hypercoagulable state during pregnancy, may 
increase the risk of thromboembolic events in patients with 
PPCM [96, 97]. Anticoagulation should be considered in 
patients with evidence of a systemic embolism, severe left 
ventricular dysfunction, paroxysmal or persistent atrial fibil-
lation, documented mural thrombus, and in patients receiv-
ing bromocriptine therapy. Choosing a specific anticoagula-
tion regimen for a pregnant woman is challenging due to the 
potential teratogenic effects of warfarin and dosing com-
plexities of the various agents. Warfarin freely crosses the 
placental barrier, can harm the fetus, can cause miscarriage, 
stillbirth, birth defects, or fatal bleeding in an unborn baby 
and is classified a category X (contraindicated) drug during 
pregnancy by the FDA [98].  

 However, warfarin is “relatively safe” during the second 
and third trimesters but must be stopped and switched to a 

heparin several weeks before delivery [99]. Unfractionated 
heparin and low-molecular weight heparin do not cross the 
placenta and are considered safe during pregnancy. When 
low-molecular weight heparin is used, anti-Xa levels should 
be monitored [100]. Anticoagulation therapy should be con-
tinued until left ventricular function has improved. Both war-
farin and heparin are not secreted into breast milk, and are 
therefore safe during breast-feeding [100]. 

2. Postpartum Management 

 Management of heart failure after delivery should follow 
standard heart failure guidelines with regard to pharmacol-
ogical and device therapy [71]. Lifestyle changes, such as 
exercising, reducing the salt in diet, managing stress, treating 
depression, losing weight, can improve quality of life. Bed 
rest is not recommended due to the risk of venous throm-
boembolism, unless unstable hemodynamics are present. 
Beta blocker treatment is indicated for all patients with heart 
failure, if tolerated. 

 Although bromocriptine was shown to be effective dur-
ing the acute phase of PPCM by small studies as described 
above, its effects on the subacute or chronic phase of PPCM 
is unknown. Recent studies showed favorable results with 
wearable cardiac defibrillator [101], cardiac resynchroniza-
tion therapy [102], and cardiac transplantation [103] in 
PPCM patients.  

MANAGEMENT OF LABOUR AND DELIVERY 

 Timing and mode of delivery depends on the patient's 
presentation and clinical status. A multidisciplinary team 
approach including an obstetrician, cardiologist, anesthesi-
ologist, and pediatrician is crucial to adequate management 
of patients with PPCM at the time of labor and delivery. 
Early delivery is usually not indicated in clinically stable 
patients, but may be considered in patients who become 
hemodynamically unstable. Patients with class III or IV 
symptoms and moderate to severe left ventricular dysfunc-
tion in the first or second trimester can be considered for 
termination of pregnancy. Spontaneous labour and vaginal 
delivery is generally acceptable in stable patients. Cesarean 
delivery is generally reserved for obstetrical indications. 
However, planned caesarean section is usually the preferred 
delivery mode in unstable patients who are critically ill and 
in need of inotropic therapy or mechanical support. 

BREASTFEEDING 

 There are no randomized studies showing any detrimen-
tal effects with breastfeeding in patients with PPCM. Recent 
observations of a potential association of prolactin and its 
derivates with detrimental cardiovascular effects; have cre-
ated a debate about prevention of lactation. These observa-
tions include increased serum levels of endothelial micropar-
ticles, activated cathepsin D, total prolactin, and the cleaved 
16 kDa prolactin fragments in patients with acute PPCM 
[104].  

 The 16 kDa prolactin fragment has been shown to have 
detrimental cardiovascular actions including inhibition of 
endothelial cell proliferation and migration, induction of 
endothelial cell apoptosis, destroying cardiac microvascula-
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ture, lowering cardiac function, and promoting ventricular 
dilatation in experimental models [35]. Although there is no 
clear data showing adverse cardiac effects from breast feed-
ing by women with PPCM, ESC working group on PPCM 
raised the question whether breast feeding should be avoided 
because of the potential effects of prolactin subfragments 
[12]. Recent ESC guidelines on the management of cardio-
vascular diseases during pregnancy also suggests preventing 
lactation in patients with cardiomyopathies and heart failure 
due to high metabolic demands of lactation and breastfeed-
ing, with an indication of Class IIb [89]. If the decision to 
breastfeed is made, careful attention should be paid to fetal 
safety and to excretion of drug or drug metabolites in breast 
milk. In summary, ACE inhibitors, ARBs, atenolol, statins, 
aldosterone antagonists, and renin inhibitors should be 
avoided during pregnancy and breastfeeding. However, 
heparin, warfarin, beta blockers except atenolol, digoxin and 
some ACE inhibitors (quinapril, captopril and enalapril) can 
be administered during breast feding [89, 105]. 

DURATION OF THERAPY 

 Currently, there is no clear consensus on the appropriate 
duration of heart failure drug therapy and its prophylactic 
role in subsequent pregnancies. It is also unknown when to 
discontinue heart failure medications in recovered PPCM 
patients or whether there is any deterioration in left ventricu-
lar function after an initial recovery in these patients. Amos 
et al. reported a lack of deterioration of left ventricular func-
tion during an average follow-up period of 29 months in 15 
patients with full recovery who stopped taking medication 
[106].  

 On the other hand, Goland et al. demonstrated spontane-
ous deterioration of left ventricular function in three patients 
[107]. Recently we have published results of 42 prospec-
tively followed PPCM patients [108]. Twenty patients 
(47.6%) recovered completely, 10 died (23.8%), and 12 
(28.6%) had persistent left ventricular dysfunction. Average 
time to complete recovery was 19.3 months after initial di-
agnosis (3–42 months). Early recovery was observed only in 
six patients (30%) within six months of diagnosis, whereas 
delayed recovery, was observed in 14 out of 20 patients 
(70%) beyond 6 months. Four patients (2 patients with com-
plete recovery and 2 patients with partial recovery) showed 
delayed deterioration (12, 24, 26, and 34 months after diag-
nosis) during the study period. Of the four patients with 
spontaneous deterioration of left ventricular function, two 
patients with partial recovery were receiving full-dosage 
heart failure treatment, but two patients with complete re-
covery stopped taking their medications after recovery, and 
had delayed deterioration at 24 and 34 months. The findings 
of late deterioration are very important and indicate the need 
for a close follow-up with periodic determination of cardiac 
function in women in whom medications are discontinued 
after complete recovery.  

 Due to probability of either delayed recovery or deterio-
ration of left ventricular function in PPCM, long-term fol-
low-up may be needed not only in non-recovered patients, 
but also in patients with complete recovery. After clinical 
and echocardiographic evidence of full recovery, it may be 
acceptable to gradually taper the drug doses over a period of 

12 to 24 months; however, we suggest that ACE inhibitors 
and beta blockers should be continued for at least 2 years 
after complete recovery.  

SUBSEQUENT PREGNANCY 

 Women with PPCM have a high risk of relapse in subse-
quent pregnancies, and terminating pregnancy may not pre-
vent the onset of PPCM [109]. A subsequent pregnancy car-
ries a recurrence risk for PPCM of 30–50% [12, 43]. There-
fore, all patients with a history of PPCM should be informed 
that subsequent pregnancy may reduce cardiac function, re-
sult in the development of heart failure, and lead to death. 
Women with an ejection fraction <25 % at diagnosis or in 
whom the ejection fraction has not normalized should be 
advised against another pregnancy. However, it should be 
kept in mind that women with prior PPCM in whom left ven-
tricular function has returned to normal (ejection fraction 
>50%) still remain at significant risk for morbidity and mor-
tality with a subsequent pregnancy [109, 110].  

PROGNOSIS  

 Available data suggest that the prognosis of PPCM vary 
geographically [111]. Most of the studies have been per-
formed in the USA, Haiti, Turkey and South Africa. Most 
reports from the USA reflect the lowest mortality rates (0%–
9.6%) across the continents [14, 106]. However, interest-
ingly Modi et al. reported that the recovery and survival 
rates of PPCM patients in the USA can be very similar to 
those reported from Haiti and South Africa, with a mortality 
rate of 15.9% [112]. 

 In this cohort, 87.5% of the patients were African Ameri-
cans, suggesting an association of race and ethnicity with 
poorer outcomes. In South Africa, case series have demon-
strated that mortality rates have slowly improved over time, 
but 6-month and 2-year mortality rates still remain high at 10 
and 28%, respectively [19]. Single center studies from Brazil 
and Haiti report mortality rates of 14–16% over 6 months 
[20, 113]. In Turkey, we reported a mortality rate of 30% 
over a 4-year follow-up in our first cohort [114]. In a second 
prospective cohort of 24 patients [78] we reported a mortal-
ity rate of 25% over an average follow up of 20.9 ± 9 
months. In the last study of a prospective cohort of 42 pa-
tients from three different tertiary centers in Turkey, we 
again reported a similar mortality rate of 23.8% [108].  

 Several predictors of poor prognosis have been reported 
in the previous studies including increased maternal age, 
higher parity, later onset of symptoms following delivery, 
non-Caucasian and delayed diagnosis [107, 115]. Factors 
associated with favorable prognosis include small left ventri-
cle diastolic dimension (<5.5 to 6.0 cm), elevated systolic 
function (ejection fraction >30% to 35% and fractional 
shortening >20%) at the time of diagnosis, absence of tro-
ponin elevation, absence of left ventricular thrombus and 
non-African American ethnicity [113-118]. 

THE FUTURE 

 PPCM is still a relatively unknown disease. Due to the 
rarity of PPCM, large scale multicenter studies have not been 
conducted, and the optimal initial and long term specific 
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therapeutic approaches have not been well defined. With an 
intend to better characterize the disease and develop under-
standing into the mechanisms, two large registries have been 
e formed in USA/Canada and Europe in 2009. The first one 
is the PPCM Network, a National Institutes of Health-
sponsored North American registry of PPCM, linking more 
than 30 medical centers.  

 The second one is the Study Group on PPCM which was 
formed by the Heart Failure Association of the ESC and con-
sists of experts from cardiology, basic sciences, intensive 
care, obstetrics and gynecology, imaging, genetics and other 
disciplines. It is anticipated that both of these registries will 
provide important information and insights into the mecha-
nisms and pathophyiology as well as natural history of 
PPCM. There is a great need for future large scale studies to 
determine the triggering factors involved in development of 
PPCM, the clinical and biological predictors of outcomes, 
the efficacy and safety of targeted therapies in PPCM such as 
prolactin inhibition with bromocriptine. Such future preclini-
cal, controlled, randomized clinical studies and registries 
may lead to improved understanding of the pathogenesis of 
and development of specific treatment modalities for PPCM. 
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