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Peripartum cardiomyopathy
Karen Sliwa, James Fett, Uri Elkayam

Peripartum cardiomyopathy (PPCM) is a disorder in which initial left ventricular systolic dysfunction and symptoms of 
heart failure occur between the late stages of pregnancy and the early postpartum period. It is common in some 
countries and rare in others. The causes and pathogenesis are poorly understood. Molecular markers of an inflammatory 
process are found in most patients. Clinical presentation includes usual signs and symptoms of heart failure, and 
unusual presentations relating to thromboembolism. Clinicians should consider PPCM in any peripartum patient 
with unexplained disease. Conventional heart failure treatment includes use of diuretics, β blockers, and angiotensin-
converting enzyme inhibitors. Effective treatment reduces mortality rates and increases the number of women who 
fully recover left ventricular systolic function. Outcomes for subsequent pregnancy after PPCM are better in women 
who have first fully recovered heart function. Areas for future research include immune system dysfunction, the role 
of viruses, non-conventional treatments such as immunosuppression, immunoadsorption, apheresis, antiviral 
treatment, suppression of proinflammatory cytokines, and strategies for control and prevention.

Peripartum cardiomyopathy (PPCM) is a disorder of 
unknown cause in which initial left ventricular systolic 
dysfunction and symptoms of heart failure occur between 
the last month of pregnancy and the first 5 months 
postpartum.1,2 Elkayam and colleagues3 described an 
identical clinical condition that appeared earlier in 
pregnancy; these women (n=23) were diagnosed with 
“pregnancy-associated” cardiomyopathy at 17–36 weeks 
of gestation, and did not differ clinically from women 
with the usual presentation of PPCM (n=100). Some 
reports of PPCM4–6 also include women who presented 
with first heart failure in the sixth month postpartum. All 
these conditions might be part of the same clinical entity, 
with an expanded time interval for onset of heart failure.

An essential element in diagnosis of PPCM is the 
demonstration of left ventricular systolic dysfunction. 
Because echocardiography was not available at the time 
of Demakis’ original description of the condition,1 specific 
echocardiographic measures of left ventricular systolic 
dysfunction have been proposed as additional criteria.7 
These measures include an ejection fraction of less than 
45%, fractional shortening of less than 30%, or both, and 
end-diastolic dimension of greater than 2·7 cm/m² body 
surface-area. The need for echocardiographic confirmation 
of left ventricular systolic dysfunction often presents a 
difficulty in developing countries where the necessary 
technology is not available. However, even in settings of 
poverty, echocardiographic strategies have been shown to 
be possible and practical.8,9 

PPCM remains a diagnosis of exclusion. No additional 
specific criteria have been identified to allow distinction 
between a peripartum patient with new onset heart 
failure and left ventricular systolic dysfunction as PPCM 
and another form of dilated cardiomyopathy. Therefore, 
all other causes of dilated cardiomyopathy with heart 
failure must be systematically excluded before accepting 
the designation of PPCM. Recent observations from 
Haiti10 suggest that a latent form of PPCM without clinical 
symptoms might exist. The investigators identified four 
clinically normal postpartum women with asymptomatic 
systolic dysfunction on echocardiography, who 

subsequently either developed clinically detectable dilated 
cardiomyopathy, or improved and completely recovered 
heart function.

Epidemiology 
Although it seems likely that women of reproductive age 
all over the world have some risk of developing PPCM, 
good data about incidence are unavailable because so few 
population-based registries exist. Recent reports suggest 
an estimated incidence of one case per 299 livebirths in 
Haiti,11 one case per 1000 livebirths in South Africa,12 
and one case per 2289 livebirths13 to one case per 
4000 livebirths in the USA.2 These more recent data from 
the USA suggest a higher incidence than reported in 
earlier studies.14,15 The reasons for this variation in 
incidence between countries remain unknown. 

Cases of PPCM that adhere to the stated diagnostic 
criteria probably represent a similar disease, despite 
geographical variation in contributing factors. The 
remarkable propensity for recovery of left ventricular 
function observed in the diverse locations provides 
further evidence for a similar disease process. It should 
not be surprising that varying genetic pools and diverse 
environmental factors play parts of varying importance 
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Search strategy and selection criteria

We aimed to summarise the results of a MEDLINE search 
(January, 1960, to January, 2006) on the current understanding 
of the epidemiology, aetiology, clinical profile, and 
management of PPCM. We used the search terms “peripartum 
cardiomyopathy”, “postpartum cardiomyopathy”, “heart 
failure in pregnancy”, and “heart failure postpartum”. We also 
searched the reference lists of articles identified by this strategy 
and selected those we judged relevant. Several review articles 
and book chapters were included because they provided 
comprehensive overviews. We identified areas in which 
knowledge is deficient and where molecular research efforts 
should be directed in seeking to understand the basic 
pathogenesis of PPCM.
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in different areas. However, cultural practices in some 
areas such as heavy intake of lake salt and body heating 
in clay beds, might precipitate pregnancy-associated 
heart failure that does not always fit the diagnostic criteria 
for PPCM.16–20

Although not clearly delineated, suggested risk factors 
associated with PPCM have included age, gravidity or 
parity, African origin, toxaemia or hypertension of 
pregnancy, use of tocolytics, and twin pregnancy. The 
incidence of these presumed risk factors reported in the 
three largest series of patients with PPCM3,8,9,11,21 and in 
Demakis and colleague’s1,22 original report of the condition 
are shown in the table.

Although PPCM is thought to be more prevalent in the 
upper and lower extremes of childbearing age, and in 
older women of high parity,12,23 it is important to note that 
24–37% of cases may occur in young primigravid patient
s.1,3,9,11,12,21,22 The largest prospectively-identified case series 
reports, from Haiti11 and South Africa,21 did not show a 
disproportionate role for older age, multiparity, and long-
term use of tocolytic agents in the development of PPCM. 
The association with race might be confounded by the 
observed increased frequency of PPCM in women of 
lower socioeconomic status. 

Aetiology 
The cause and mechanism of pathogenesis of PPCM 
remain unknown, and many hypotheses have been 
proposed (figure 1).24–29 Early suggestions that nutritional 
disorders, such as deficiencies in selenium and other 
micronutrients, might contribute could not be 
confirmed in studies of Haitian patients with PPCM,27 

although unidentified nutritional factors might exist.
Because of immune-system changes related to 

pregnancy, associations with autoimmune mechanisms 
and inflammation have been studied since the 1970s. 
Melvin and colleagues30 proposed myocarditis as the 
cause for PPCM and reported a dense lymphocyte 
infiltrate with variable amounts of myocyte oedema, 
necrosis, and fibrosis in right ventricular biopsy 
specimens. Treatment with prednisone and azathioprine 

resulted in clinical improvement and loss of inflammatory 
infiltrate on repeated biopsies in the three patients 
studied. Sanderson and colleagues,31 and subsequently 
Midei and colleagues,32 emphasised the association 
between myocarditis and development of PPCM. 
Although their findings were intriguing, they failed to 
establish a causal link. Additionally, Rizeq and colleagues33 
found an inflammatory component in less than 10% of 
biopsy samples from patients with PPCM, a proportion 
similar to that found in age-and-sex-matched patients 
with idiopathic dilated cardiomyopathy. A decade later, 
Felker and colleagues34 confirmed that the absence or 
presence of inflammation on endomyocardial biopsy 
tissue did not predict outcome in patients with PPCM. 

A viral trigger for the development of PPCM has been 
postulated and investigated in several studies. Bultmann 
and colleagues35 identified viral genomic material in 
endomyocardial biopsy tissue from patients with PPCM; 
however, the same incidence and types of viral positivity 
were noted in controls. The findings of Kuhl and 
colleagues25 in idiopathic dilated cardiomyopathy are 
more convincing evidence for the role of virus as a trigger 
for cardiomyopathy. The investigators demonstrated the 
presence of viral genomic material in endomyocardial 
biopsy tissue, including enterovirus (coxsackievirus), 
parvovirus B19, adenovirus, and herpesvirus. They also 
showed that clinical improvement of left ventricular 
systolic function was associated with viral clearing. If 
future results show that viruses play a part in the 
development of PPCM (and some forms of idiopathic 
dilated cardiomyopathy), endomyocardial biopsy could 
become increasingly important in PPCM and unexplained 
cardiomyopathy, especially in patients who do not 
improve with conventional treatment in the early weeks 
after diagnosis.36,37

Ansari and colleagues26 investigated the role of fetal 
microchimerism (fetal cells in maternal blood during 
and after pregnancy) in patients with PPCM. In a small 
sample of patients, the amount of male chromosomal 
DNA in maternal plasma was significantly greater in 
patients with PPCM than in control mothers without 

 Haiti, 20058,11 
(n=98)*

South Africa, 20059,21 
(n=100)*

USA, 20053  
(n=100)†

USA, 19711,22  
(n=27)‡

Age (years) 31·8 (8·1, 16–51) 31·6 (6·6, 18–45) 30·7 (6·4, 16–43) 14 patients >30, 13 patients <30

Gravidity 4·3 (1–10) 3 (1–7) 2·6 (1–10) 8 patients (29%) G1–2, 19 patients (71%) >G3

Primigravidas 24 (24·5%) 20 (20%) 37 (37%) 8 (29%)§

Hypertension/toxaemia 4 (4%) 2 (2%) 43 (43%) 6 (22%)

Use of tocolytics 0 9 (9%) 19 (19%) 0

African descent 98 (100%) 100 (100%) 19 (19%) 25 (93%)

Twin pregnancy 6 (6%) 6 (6%) 13 (13%) 2 (7%)

Mortality 15 (15·3%) 15 (15%) 9 (9%) 11 (40·7%)

For Haiti, South Africa, and USA (2005), data are mean (SD, range) for age and mean (range) for gravidity.*Single centre prospective study. †Multicentre retrospective study, 
including survey questionnaire. ‡Single centre retrospective study. §Report included gravida 1–2 together as a group.

Table: Comparison of potential risk factors and mortality rates in PPCM 
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PPCM during the third trimester of pregnancy, at term, 
and in the first week postpartum. The lower concentrations 
of this foreign protein could possibly contribute to 
tolerance of the fetus, permitting successful completion 
of pregnancy; increased levels could theoretically lead to 
the initiation of autoimmune disease, including an 
autoimmune myocarditis. 

Findings from South Africa9,21 and Haiti26,38 lend support 
to the hypothesis that immune activation contributes to 
the pathogenesis of PPCM. Sliwa and colleagues9,21 
identified increased concentrations in plasma of the 
inflammatory cytokine tumour necrosis factor α (TNFα), 
C-reactive protein, and a plasma marker of apoptosis, 
Fas/Apo-1, in a large population of newly diagnosed 
patients with PPCM. Baseline concentrations of 
C-reactive protein correlated positively with baseline left 
ventricular end-diastolic and end-systolic diameters and 
inversely with left ventricular ejection fraction. 
Concentrations of Fas/Apo-1 in plasma were significantly 
higher in patients with PPCM than in healthy controls, 
and were a predictor of mortality. Concentrations of 
C-reactive protein in plasma can vary substantially 
between different ethnic groups, and as much as 40% of 
this variation is genetically determined.39 Hypothetically, 
an increase in the intensity of an inflammatory response 
could be one of the many factors contributing to 
development of PPCM. The importance of raised high-
sensitivity C-reactive protein in plasma of patients with 
new and evolving PPCM10,40 merits additional evaluation.

A high incidence of postpartum mortality in mice with 
a cardiac-tissue-specific signal transducer and activator 
of transcription 3 (STAT 3) knockout of has been 
reported.24 Before death, female mutant mice presented 
with symptoms of heart failure, reduced cardiac function, 
and apoptosis. Data from this study suggested that the 
cardiac-myocyte-specific STAT3 pathway is necessary for 
protection of the heart from postpartum stress, and that 
prolactin cleavage is crucially involved in the pathogenesis 
of PPCM. Additionally, data from another mouse model 
of PPCM suggest that apoptosis of cardiomyocytes has a 
causal role in PPCM, and that pharmacological inhibition 
of apoptosis by a caspase inhibitor might offer novel 
therapeutic strategies.28 The finding of raised Fas/Apo-1 
in women with PPCM9 provides additional evidence for a 
role of apoptosis.

Warraich and colleagues38 investigated the effect and 
clinical relevance of PPCM on humoral immunity and 
evaluated the immunoglobulins (class G and subclasses 
G1, G2, G3) against cardiac myosin in 47 patients with 
PPCM from South Africa, Mozambique, and Haiti. The 
immunoglobulin profiles were similar in the three 
regions and were markedly and non-selectively present 
(figure 2).

Although various causes for PPCM have been proposed, 
including abnormal hormonal regulation, the role of 
innate and adaptive immune systems, and the 
participation of autoantibodies, progenitor dendritic cells, 

T and B lymphocytes, cytokines, and chemokines,29,38,41–48 
so far no cause has been clearly identified. It is likely that 
the aetiology is multifactorial, and that the search for a 
cause is hampered by the rarity of this condition in the 
developed countries, where more research funds are 
available, by the lack of adherence to diagnostic guidelines, 
and by the heterogeneity of the populations studied.

Clinical presentation
The most common presentation of PPCM is with 
symptoms and signs of systolic heart failure.1,8,9,12 Clinical 
examination of 97 patients seen in South Africa12 over 
4 years revealed a displaced hypodynamic apical impulse 
in 72% and gallop rhythm in 92% of the patients. Functional 
mitral regurgitation was present in 43%. Left ventricular 
hypertrophy by electrocardiographic voltage criteria was 
present in 66% and ST-T wave abnormalities in 96% of 
the patients. Additional symptoms and signs include 
dependent oedema, dyspnoea on exertion, orthopnoea, 

Figure 1: Proposed factors investigated contributing to the pathogenesis for PPCM
References for factors listed: protective signalling pathway,24 viral antigen persistence,25 stress-activated 
cytokines,9,20 autoimmunity,26 micronutrients,27 microchimerism,26 myocyte apoptosis,9,21,28 prolactin.24,29

Figure 2: Comparison of immunoglobulin profiles in patients with PPCM from South Africa, Haiti, and 
Mozambique versus 15 healthy mothers from South Africa 
Data from Warraich and colleagues.38 
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paroxysmal nocturnal dyspnoea, persistent cough, 
abdominal discomfort secondary to passive congestion of 
the liver and other organs, precordial pain, and palpitations. 
In the later stages postural hypotension may be prominent, 
reflecting low cardiac output and low blood pressure.

Early signs and symptoms of heart failure can be 
obscured by pregnancy, because often the patient considers 
them to be a normal part of pregnancy. New York Heart 
Association (NYHA) cardiac functional classification varies 
from NYHA I to IV, although most frequently initial 
presentation is with NYHA III and IV. Sudden cardiac 
arrest might occur in a situation where cardiopulmonary 
resuscitation is neither available nor successful.49 Delayed 
diagnosis can be associated with increased morbidity and 
mortality. Clinicians should think of PPCM in any 
peripartum patient with unexplained disease. A broad 
index of suspicion is important, since unusual and non-
heart failure presentations are also possible, as illustrated 
by the following evidence.

Left ventricular thrombus is common in PPCM patients 
with a left ventricular ejection fraction of less than 0·35.9 
With progression of disease, four-chamber dilation may be 
seen, with thrombus formation in the left atrium and right 
ventricle. Peripheral embolisation then becomes possible 
to any part of the body, including arterial occlusion of the 
lower extremities with compromised circulation,8,50–51 
cerebral embolism with hemiplegia, aphasia, and 
incoordination,8,52 mesenteric artery occlusion with an 
acute abdomen syndrome secondary to bowel infarction,8 

and acute myocardial infarction secondary to coronary 
artery embolism.53,54 Haemoptysis may be the presenting 
feature of co-existing pulmonary embolus, for which the 
patients also have an increased risk.12

A recent report55 identified a 5-weeks postpartum 35-year-
old mother who progressively deteriorated with acute 
hepatic failure and was being considered for liver 
transplant. An echocardiogram identified dilated 
cardiomyopathy as the reason for heart failure with 
subsequent passive congestion of the liver and severe 
hepatic failure. Appropriate treatment led to survival and 
recovery from liver failure as well as complete recovery of 
left ventricular systolic function. 

Management and prognosis
The medical management of patients with PPCM is 
similar to that for other forms of heart failure, and has 
been reviewed in detail.56 Treatment aims to reduce 
afterload and preload, and to increase contractility. 
Angiotensin-converting enzyme (ACE) inhibitors are 
usually used to reduce afterload by vasodilation if PPCM 
occurs after pregnancy. Because of potential toxic effects 
on the fetus, hydralazine (with or without nitrates) replaces 
ACE inhibitors during pregnancy. β blockers are used, 
since high heart rate, arhythmmias, and sudden death 
often occur in patients with PPCM. Digitalis, an inotropic 
agent, is also safe during pregnancy and may help to 
maximise contractility and rate control, but has to be 

closely monitored since excessive digoxin concentrations in 
serum have been associated with worse outcomes in 
women.57,58 Women in general, and pregnant women in 
particular, may be more sensitive than men to its effect. 
Diuretics are also safe and are used to reduce preload and 
relieve symptoms. Because of the high incidence of thrombo-
embolism in these patients, the use of heparin is also 
considered necessary, followed by warfarin in those with left 
ventricular ejection fractions of less than about 35%. 

Although PPCM shares many features with other forms 
of non-ischaemic cardiomyopathy, an important distinction 
is that women with PPCM have a higher rate of spontaneous 
recovery of ventricular function. However, in a single 
centre prospective study of 100 South African patients with 
the condition, 15% died, and only 23% recovered normal 
left ventricular function after 6 months of treatment, 
despite optimal medical therapy with ACE inhibitors and 
β blockers.21 In a longer follow-up study of prospectively 
identified patients in Haiti over 5 years, the mortality rate 
was also 15%, and 29 of 92 (31·5 %) recovered normal left 
ventricular function.11 Continuing improvement was 
observed in the second and third years after diagnosis, 
confirming that the recovery phase is not limited to the 
first 6–12 months.

Subsequent monitoring depends on response to 
treatment, and includes a follow-up echocardiogram in the 
first several weeks to confirm improvement of left 
ventricular systolic function. After that, an echocardiogram 
is indicated about every 6 months until recovery is 
confirmed or a plateau is reached. The best time to 
discontinue ACE-inhibitors or β blockers is unknown; 
however, one or both of these medications should be 
continued for at least 1 year. Where resources exist, left 
ventricular assist devices and heart transplantation may be 
used if necessary.59, 60

Limited studies have been done with the use of 
immunosuppressive drugs such as azathioprine and 
steroids, and have shown mixed results. Use of these 
agents should be reserved pending further assessments, 
and perhaps should be restricted to patients with biopsy-
proven lymphocytic myocarditis in the absence of viral 
particles. Recent studies in some patients with idiopathic 
dilated cardiomyopathy suggest a prominent role for 
cardiotrophic viruses.25,37 As noted previously, only one 
investigation to date has identified viral genomic material 
in endomyocardial tissue from patients with PPCM.35 
Hence, PCR testing for a range of cardiomyotropic viruses 
could become important in the investigation of patients 
who do not improve in the early weeks following 
diagnosis.

Aside from their haemodynamic benefits, the angio-
tensin-converting enzyme inhibitors, β blockers, and 
angiotensin-receptor blockers may have an additional 
benefit to dampen an over-active immune system that 
plays a role in the basic pathophysiology of PPCM.61–63

Given the potential inflammatory nature of PPCM 
there may also be a role for other immunomodulatory 
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therapy. A prospective study of 59 consecutive women 
with PPCM reported a significant reduction in the 
inflammatory marker TNFα and improved outcome in 
patients receiving the immunomodulating agent 
pentoxifylline in addition to conventional therapy.64 

Long-term prognosis
Very few studies have been done to investigate the long-
term survival and recovery outcomes in patients with 
PPCM. Felkner and colleagues34 assessed the survival of 
patients with initially unexplained cardiomyopathy 
referred for endomyocardial biopsy Johns Hopkins 
hospital. Patients with PPCM seemed to have a better 
prognosis than those with other forms of cardiomyopathy. 
However, patients who died soon after diagnosis were 
probably not included in that study. Fett and co-workers,11 

with over 5 years of echocardiographic observations, 
noted continuing improvement in cardiac function well 
beyond the initial 6–12 months after diagnosis (figure 3).

Subsequent pregnancy and long term outcome
One of the greatest concerns of PPCM patients is the 
safety of additional pregnancies. Since many patients with 
PPCM develop the disease during or shortly after their 
first pregnancy, it is especially important to be able to 
provide them with information about relapse. In a 
retrospective study, Elkayam and colleagues65 found that 
subsequent pregnancy in women with PPCM was 
associated with significant decrease in left ventricular 
function that resulted in clinical deterioration and even 
death. Symptoms of heart failure occurred in 21% of those 
who entered the subsequent pregnancy with normal left 
ventricular systolic function and 44% of those who entered 
the subsequent pregnancy with abnormal left ventricular 
systolic function. However, all deaths (three of 44, 7%) 
occurred in the group who entered the subsequent 
pregnancy with abnormal systolic function. Eventual 
recovery of left ventricular systolic function occurred 
more frequently in women who had an ejection fraction 
of greater than 30% at original diagnosis of PPCM.

Serial studies of left ventricular function and TNFα in 
prospectively-studied African patients with subsequent 
pregnancy after PPCM showed that deterioration of left 
ventricular function occurred postpartum to the 
subsequent pregnancy in five of six patients and was 
accompanied by raised concentrations of TNFα in 
plasma.66 

In a study67 of 15 prospectively-identified Haitian 
patients with a subsequent pregnancy after PPCM, seven 
patients tolerated the subsequent pregnancy without 
worsening heart failure whereas eight had a relapse. Of 
those who relapsed, only one regained normal left 
ventricular systolic function during the 2-year follow-up 
after the subsequent pregnancy. All those who did not 
relapse went on to recover normal left ventricular systolic 
function. The longer follow-up allowed identification of 
both late recovery and late deterioration, again 

emphasising that recovery of heart function is not limited 
to the first 6–12 months after diagnosis or relapse. 

Family-planning counselling is an important aspect of 
the care of patients after a diagnosis of PPCM. Subsequent 
pregnancy after a diagnosis of PPCM carries higher risk 
of relapse if left ventricular systolic function is not fully 
recovered first; and even with full recovery some 
additional risk of relapse remains.65

Implications for research
Reliable population-based information about incidence 
and prevalence of PPCM is essential to the development of 
national and international health policies for prevention 
and control of this condition. These should include a 
genetic epidemiological design to estimate the contribution 
of genetic susceptibility factors to this condition. While 
investigation continues on the molecular basis of PPCM, 
controlled trials are also needed for potential new 
treatments—including apheresis, immunoadsorption, 
immunosuppression, and antiviral agents—all of which 
might have a role, as suggested by initial reports from 
research in idiopathic dilated cardiomyopathy.68–71 The 
promising results64 that have been obtained with 
pentoxifylline in a non-randomised trial need to be tested 
in large multicentre randomised trials with the power to 
assess mortality and morbidity benefits.72

Conflict of interest statement
We declare that we have no conflict of interest.

References
1 Demakis JG, Rahimtoola SH. Peripartum cardiomyopathy. 

 1971: 44: 964–68.
2 Pearson GD, Veille JC, Rahimtoola S, et al. Peripartum 

cardiomyopathy. National Heart, Lung, and Blood Institute and 
Office of Rare Diseases (National Institutes of Health) Workshop 
recommendations and review.  2000; 283: 1183–88.

3 Elkayam U, Akhter MW, Singh HS, et al. Pregnancy-associated 
cardiomyopathy: clinical characteristics and a comparison between 
early and late presentation.  2005; 111: 2050–55.

Figure 3: Echocardiographic data for left ventricular ejection fraction (LVEF) 
for 92 patients with peripartum cardiomyopathy followed up at 
Albert-Schweitzer Hospital, Haiti
From Fett and colleagues11 with permission from Mayo Clinic Proceedings.



Seminar

692 www.thelancet.com   Vol 368   August 19, 2006 

4 Ravikishore AG, Kaul UA, Sethi KK, Khalilullah M. Peripartum 
cardiomypathy: prognostic variables at initial evaluation. 

 1991; 32: 377–80.
5 Rizeq MN, Rickenbacher PR, Fowler MB, Billingham ME. 

Incidence of myocarditis in peripartum cardiomyopathy. 
 1994; 74: 474–77.

6 O’Connell JB, Costanzo-Nordin MR, Subramanian R, et al. 
Peripartum cardiomyopathy: clinical, hemodynamic, histologic and 
prognostic characteristics.  1986; 8: 52–56.

7 Hibbard JU, Lindheimer M, Lang RM. A modified definition for 
peripartum cardiomyopathy and prognosis based on 
echocardiography.  1999; 94: 311–16.

8 Fett JD, Carraway RD, Dowell DL, King ME, Pierre R. Periptum 
cardiomyopathy in the Hospital Albert Schweitzer District of Haiti. 

 2002; 186: 1005–10.
9 Sliwa K, Skudicky D, Bergemann A, Candy G, Puren A, Sareli P. 

Peripartum cardiomyopathy: analysis of clinical outcome, left 
ventricular function, plasma levels of cytokines and Fas/Apo-1. 

 2000; 35: 701–05.
10 Fett JD, Christie LG, Carraway RD, Sundstrom JB, Ansari AA, 

Murphy JG. Unrecognized peripartum cardiomyopathy in Haitian 
women.  2005; 90: 161–66.

11 Fett JD, Christie LG, Carraway RD, Murphy JG. Five-year prospective 
study of the incidence and prognosis of peripartum cardiomyopathy 
at a single institution. 2005; 80: 1602–06

12 Desai D, Moodley J, Naidoo D. Peripartum cardiomyopathy: 
experiences at King Edward VIII Hospital, Durban, South Africa 
and a review of the literature.  1995; 25: 118–23.

13 Mielniczuk LM, Williams K, Davis DR, et al. Frequency of 
peripartum cardiomyopathy.  2006; 97: 1765-68.

14 Cunningham FG, Pritchard JA, Hankins GD, Anderson PL, 
Lucas MJ, Armstrong KF. Peripartum heart failure: idiopathic 
cardiomyopathy or compounding cardiovascular events? 

 1986; 67: 157–68.
15 Brown CS, Bertolet BD. Peripartum cardiomyopathy: a 

comprehensive review.  1988; 178: 409–14.
16 Ford L, Abdullahi A, Anjorin FI, et al. The outcome of peripartum 

cardiac failure in Zaria, Nigeria.  1998; 91: 93–103.
17 Danbauchi SS. Echocardiographic features of peripartum cardiac 

failure: the Zaria syndrome.  2002; 32: 24–27.
18 Kane A, Dia AA, Diop IB, Sarr M, Ba SA, Diouf SM. Peripartum 

heart failure: the underestimated role of frequent diseases in the 
Sudan-Sahelian area.  2000; 45: 131–33.

19 Sanderson JE, Adesanya CO, Anjorin FI, Parry EH. Postpartum 
cardiac failure—heart failure due to volume overload?  
1979; 97: 613–21.

20 Cenac A, Djibo A. Postpartum cardiac failure in Sudanese-Sahelian 
Africa: clinical prevalence in western Niger.  
1998; 58: 319–23.

21 Sliwa K, Forster O, Libhaber E, et al. Peripartum cardiomyopathy: 
inflammatory markers as predictors of outcome in 100 prospectively 
studied patients.  2006; 27: 441–46.

22 Demakis JG, Rahimtoola SH, Sutton GC, et al. Natural course of 
peripartum cardiomyopathy.  1971; 44: 1053–60.

23 Homans DC. Peripartum cardiomyopathy.  1985; 312: 
1432–37.

24 Podewski E, Hilfiker A, Hilfiker-Kleiner D, Kaminski K, Drexler H. 
Stat 3 protects female hearts from postpartum cardiomyopathy in 
the mouse: the potential role of prolactin (abstract 2178). Munich: 
European Society of Cardiology Meeting  2004.

25 Kuhl U, Pauschinger M, Seeberg B, et al. Viral persistence in the 
myocardium is associated with progressive cardiac dysfunction. 

2005; 112: 1965–70.
26 Ansari AA, Fett JD, Carraway RD, Mayne AE, Onlamoon M, 

Sundstrom JB. Autoimmune mechanisms as the basis for human 
peripartum cardiomyopathy. 2002; 23: 
289–312. 

27 Fett JD, Sundstrom JB, Ansari AA, Combs GF Jr. Peripartum 
cardiomyopathy: a selenium disconnection and an autoimmune 
connection. 2002; 86: 311–15. 

28 Hayakawa Y, Chandra M, Wenfeng M, et al. Inhibition of cardiac 
myocyte apoptosis improves cardiac function and abolishes 
mortality in peripartum cardiomyopathy of Gα(q) transgenic mice. 

 2003; 108: 1037-42.

29 Kothari SS. Aetiopathogenesis of peripartum cardiomyopathy: 
prolactin-selenium interaction.  1997; 60: 111–14.

30 Melvin KR, Richarson PJ, Olsen EG, Daly K, Jackson G. 
Peripartum cardiomyopathy due to myocarditis.  1982; 
307: 731–34.

31 Sanderson JE, Olsen EG, Gatei D. Peripartum heart disease: an 
endomyocardial biopsy study.  1986; 56: 285–91.

32 Midei MG, DeMent SH, Feldman AM, Hutchins GM, 
Baighman KL. Peripartum myocarditis and cardiomyopathy. 

 1990; 81: 922–28. 
33 Rizeq MN, Rickenbacher PR, Fowler MB, Billingham ME. 

Incidence of myocarditis in peripartum cardiomyopathy. 
 1994; 74: 474–77.

34 Felkner GM, Thompson RE, Hare JM, et al. Underlying causes and 
long-term survival in patients with initially unexplained 
cardiomyopathy. 2000; 342: 1077–84.

35 Bultmann BD, Klingel K, Nabauer M, Wallwiener D, Kandolf R. 
High prevalence of viral genomes and inflammation in peripartum 
cardiomyopathy. 2005; 193: 363–65.

36 Ardehali H, Kasper EK, Baughman KL. Diagnostic approach to the 
patient with cardiomyopathy: whom to biopsy. 2005; 
149: 7–12.

37 Zimmermann O, Kochs M, Zwaka TP, et al. Myocardial biopsy 
based classification and treatment in patients with dilated 
cardiomyopathy.  2005; 104: 92–100.

38 Warraich RS, Fett JD, Damasceno A, et al. Impact of pregnancy 
related heart failure on humoral immunity: clinical relevance of 
G3-subclass immunoglobulinss in peripartum cardiomyopathy.

 2005; 150: 263–69.
39 Albert M, Glynn R, Buring J, Ridker PM. C-reactive protein  

levels among women of various ethnic groups living in the United 
States (from the women health study). 2004; 93: 
1238–42.

40 Cenac A, Tourmen Y, Adehossi E, Couchouron N, Djibo A, 
Abgrall JF. The duo low plasma NT-PRO-BRAIN natriuretic 
peptide and C-reactive protein indicates a complete remission of 
peripartum cardiomyopathy.  2006; 108: 269–70.

41 Fairweather D, Yusung S, Frisancho S, et al. IL-12 receptor beta 1 
and Toll-like receptor 4 increase IL-1 beta- and IL-18-associated 
myocarditis and coxsackievirus replication.  2003; 170: 
4731–37.

42 Huber SA. Cellular autoimmunity in myocarditis. In: Cooper LT, 
ed. Myocarditis: from bench to bedside. Totowa: Humana Press, 
2003: 55–76. 

43 Eriksson U, Ricci R, Hunziker L, et al. Dendritic cell-induced 
autoimmune heart failure requires cooperation between adaptive 
and innate immunity. 2003; 9: 1484–90.

44 Maisch B, Arsen D, Ristic D. Humoral immune response in viral 
myocarditis. In: Cooper LT, ed. Myocarditis: from bench to bedside. 
Totowa: Humana Press, 2003: 77–108.

45 Mason JW. Viral latency: a link between myocarditis and dilated 
cardiomyopathy?  2002; 34: 695–98.

46 Ansari AA, Neckelmann N, Wang YC, Gravanis MB, Sell KW, 
Herskowitz A. Immunologic dialogue between cardiac myocytes, 
endothelial cells, and mononuclear cells. 

 1993; 68: 208–14.
47 Feldman AM, McNamara DM. Myocarditis. 2000; 343: 

1388–98.
48 Yagoro A, Tada H, Hidaka Y, et al. Postpartum onset of acute heart 

failure possibly due to postpartum autoimmune myocarditis. 
A report of three cases.  1999; 245: 199–203.

49 Diao M, Diop IB, Kane A, et al. Electrocardiographic recording of 
long duration (Holter) of 24 hours during idiopathic 
cardiomyopathy of the peripartum.  2004;  
97: 25–30.

50 Isezua SA, Njoku CH, Airede L, Yagoob I, Musa AA, Bello O. Case 
report: acute limb ischaemia and gangrene associated with 
peripartum cardiomyopathy.   2005;  
12: 237–40.

51 Gagne PJ, Newman JB, Muhs BE. Ischemia due to peripartum 
cardiomyopathy threatening loss of a leg. 2003; 13: 
209–11. 

52 Heims AK, Kittner SJ. Pregnancy and stroke.  2005; 10: 
580–87.



Seminar

www.thelancet.com   Vol 368   August 19, 2006 693

53 Box LC, Hanak V, Arciniegas JG. Dual coronary emboli in 
peripartum cardiomyopathy.  2004; 31: 442–44.

54 Dickfield T, Gagliardi JP, Marcos J, Russell SD. Peripartum 
cardiomyopathy presenting as an acute myocardial infarction. 

2002; 77: 500–01.
55 Fussell KM, Awad JA, Ware LB. Case of fulminant hepatic failure 

due to unrecognized peripartum cardiomyopathy. 
2005; 33: 891–93.

56 Murali S, Baldisseri MR. Peripartum cardiomyopathy.  
2005; 33 (suppl): S340–46.

57 Rathore SS, Wang Y, Krumholz HM. Sex-based differences in the 
effect of digoxin for the treatment of heart failure. 
2002; 347: 1403–11.

58 Adams KF Jr, Patterson JH, Gattis WA, et al. Relationship of serum 
digoxin concentration to mortality and morbidity in women in the 
digitalis investigation group trial: a retrospective analysis. 

 2005; 46: 497–504.
59 Phillips SD, Warnes CA. Peripartum cardiomyopathy: current 

therapeutic perspectives.  2004;  
6: 481–88.

60 Aziz TM, Burgess MI, Acladious NN, et al. Heart transplantation 
for peripartum cardiomyopathy: a report of three cases and a 
literature review. 1999; 7: 565–67.

61 Godsel LM, Leon JS, Engman DM. Angiotensin converting enzyme 
inhibitors and angiotensin II receptor antagonists in experimental 
myocarditis.  2003; 9: 723–35.

62 Ohtsuka T, Hamada M, Hiasa G, et al. Effect of beta-blockers on 
circulating levels of inflammatory and anti-inflammatory cytokines 
in patients with dilated cardiomyopathy.  2001;  
37: 412–17.

63 Pauschinger M, Rutschow W, Chandrasekharan K, et al. Carvedilol 
improves left ventricular function in murine coxsackievirus-induced 
active myocarditis associated with reduced myocardial interleukin-
1beta and MMP-8 expression and a modulated immune response. 

2005; 7: 444–52.

64 Sliwa K, Skukicky D, Candy G, Bergemann A, Hopley M, Sareli P. 
The addition of pentoxifylline to conventional therapy improves 
outcome in patients with peripartum cardiomyopathy. 

 2002; 4: 305–09.
65 Elkayam U, Padmini P, Tummala P, et al. Maternal and fetal 

outcomes of subsequent pregnancies in women with peripartum 
cardiomyopathy.  2001; 344: 1567–71.

66 Sliwa K, Forster O, Zhanje F, Candy G, Kachope J, Essop R. 
Subsequent pregnancy in patients with peripartum cardiomyopathy. 

 2004; 93: 1441–43. 
67 Fett JD, Christie LG, Murphy JG. Outcome of subsequent pregnancy 

after peripartum cardiomyopathy: a case series from Haiti. 
 2006; 145: 30–34.

68 Staudt A, Schaper F, Stangl V, et al. Immunohistological changes in 
dilated cardiomyopathy induced by immunoadsorption therapy and 
subsequent immunoglobulin substitution.  2001; 103: 
2681–86.

69 Felix SB, Staudt A, Landsberger M, et al. Removal of 
cardiodepressant antibodies in dilated cardiomyopathy by 
immunoadsorption.  2002; 39: 646–52.

70 Frustaci A, Chimenti C, Calabrese F, Pierone M, Thiene G, 
Maseri A. Immunosuppressive therapy for active lymphocytic 
myocarditis: virological and immunologic profile of responders 
versus nonresponders.  2003; 107: 857–63.

71 Cooper LT Jr. The natural history and role of immunoadsorption in 
dilated cardiomyopathy.  2005; 19: 1–4.

72 Sliwa K, Damasceno A, Mayosi B. Cardiomyopathy in Africa. 
 2005; 112: 3577–83.


