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Heart failure is a syndrome that is associated with substantial morbidity and 
mortality. Although it can be devastating to any patient, perhaps no greater tragedy is 
when it affects a young woman as a result of pregnancy, an entity entitled peripartum 
cardiomyopathy. Caring for a new baby can be demanding under the best of 
circumstances. Consider for a moment the strain imposed on the family by the 
development of symptomatic heart failure in this setting- both in the sense of the 
physical limitations that impair the mother 's ability to help care for her child, as well as 
the psychological impact of learning that she has a potentially fatal illness. 

This review will highlight our present understanding of the diagnosis, 
epidemiology, natural history, etiology, and treatment of peripartum cardiomyopathy. 

I. Diagnosis 

Although pregnancy-associated heart failure was described in the1800s (1), investigators 
reporting two case-series in 1937 are credited with recognizing peripartum 
cardiomyopathy as a distinct clinical entity (2,3). Formal diagnostic criteria for this 
disorder were proposed in 1971 (4) (see Table 1, criteria 1- 3). More recently, a fourth 
criterion based on demonstration of depressed left ventricular systolic function (Table 1, 
point 4) has been proposed (5,6). Some believe left ventricular chamber dilation 
(increased left ventricular end-diastolic dimension of> 2.7 cm/m2

) (6) should be 
demonstrated as well. 

Table 1. Diagnostic Criteria for Peripartum Cardiomyopathy 
1. Heart failure develops in the last month of pregnancy or first 5 months after delivery. 
2. No other identifiable cause of heart failure. 
3. No demonstrable heart disease prior to last month of pregnancy. 
4. Depressed left ventricular ejection fraction ( <45%) or fractional shortening ( <30%) 

The importance of restricting this diagnosis to women who develop heart failure 
in the last month of pregnancy or 5 months after delivery was emphasized by a recent 
National Heart and Lung Blood Institute Workshop panel. This time-frame restriction is 
an attempt to avoid misdiagnosing women with an antecedent cardiomyopathy, who may 
have clinical deterioration secondary to the hemodynamic alterations of the gravid state, 
as having peripartum cardiomyopathy (5). The majority of the hemodynamic alterations 
of pregnancy, including an increase in plasma volume, cardiac output, and heart rate, 
occur before the last month of pregnancy (7). Thus, it is believed that women with 
previously undiagnosed or asymptomatic left ventricular dysfunction would develop 
symptoms prior to the last month of pregnancy. 

As with all patients, other potential etiologies of heart failure and/or depressed left 
ventricular systolic function should be considered including anemia, hypo- or 
hyperthyroidism, and unrecognized valvular abnormalities. Similarly, peripartum 
myocardial infarction, either due to coronary dissection, vasospasm, or epicardial 
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atherosclerotic disease (8) and anomalous origin of the left main coronary artery (9) may 
mimic peripartum cardiomyopathy. Cardiomyopathies such as arrhythmogenic right 
ventricular dysplasia (10) or sarcoid (11) can masquerade as peripartum cardiomyopathy 
and should remain in the differential diagnosis. Other pregnancy-related clinical entities 
such as preeclampsia, sepsis, pulmonary or amniotic fluid embolism (6), noncardiogenic 
pulmonary edema (12), and iatrogenic volume overload in the setting of obstetrical 
hemorrhage (12) need to be considered as well. 

A more difficult component to making this diagnosis, however, is recognizing the 
syndrome of heart failure in a woman near-term. In the last month of pregnancy, many 
women are dyspneic, fatigued, orthopneic, and may have edema. The presence of a third 
heart sound may occur in the absence of heart failure (13).To my knowledge, the utility 
of B-type natriuretic peptide (BNP), a neurohormone approved by the FDA for the 
diagnosis of heart failure in the acutely dyspneic patient (14), as a diagnostic biomarker 
in this specific setting has not yet been reported. Its utility may be hampered by the 
normalrise of BNP levels (a doubling) in normal pregnancy (15) and by the low 
prevalence of peripartum cardiomyopathy. 

Given all of these above difficulties, it is not surprising then that the diagnosis of 
peripartum cardiomyopathy is often made in the postpartum period (1,12,16,17), when 
the expected improvements in functional status of the mother are not realized or when 
there is further clinical deterioration. 

Figure 1. Timing of presentation of peripartum cardiomyopathy. Data gathered from 
13 studies of 419 patients with peripartum cardiomyopathy. From reference (17) 

Clinical presentation 

The presentation of peripartum cardiomyopathy is similar to patients with 
idiopathic dilated cardiomyopathy and thus will be well recognized, saving for the 
complicating feature of overlapping symptoms (dyspnea, fatigue, and edema) of 
pregnancy in otherwise healthy women. Most patients with peripartum cardiomyopathy 
will have symptoms related to elevated filling pressures and/or low cardiac index 
including dyspnea, cough, orthopnea, paroxysmal nocturnal dyspnea, peripheral edema, 
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fatigue, and gastrointestinal symptoms. Many patients will have chest pain. A 
particularly high incidence of thromboembolism has been noted (e.g., 25% (18)) and 
hemoptysis should raise the specter of pulmonary embolism. Physical examination, 
electrocardiography, chest radiography, and echocardiography will have comparable 
findings to a patient with an idiopathic dilated cardiomyopathy, except perhaps for a 
higher rate of ventricular mural thrombi in this disorder (13,17,19). 

II. Epidemiology 

A. Incidence 

Peripartum cardiomyopathy is a rare disease. Its incidence is estimated to be 
between 1 per 1,300 to 1 per 15,000 live births, with a consensus of between 1 per 3000-
4000 live births (5). Reassuringly, two recent reports found a similar incidence of 
echocardiogr'aphically-confirmed peripartum cardiomyopathy in disparate clinical 
settings. The first was from the E. H. Crump Women's Hospital of the University of 
Tennessee, Memphis which serves predominantly African-American obstetrical patients. 
Between 1986 and 1994, 28 of 68,369 deliveries were associated with peripartum 
cardiomyopathy (1 per 2,406) (16). The second report was from the Central Baptist 
Hospital in Lexington, Kentucky which serves predominantly white patients (20). In their 
experience, 11 of 22,579 deliveries (1 per 2,053) between 1992 and 1998 were associated 
with peripartum cardiomyopathy. Extrapolating these data to the United States, it would 
be expected that 1000- 2000 women annually develop peripartum cardiomyopathy. 

The lowest estimate of the incidence of peripartum cardiomyopathy (1 per 
15,000) is from Dr. Cunningham's frequently cited report summarizing the experience at 
Parkland Memorial Hospital between 1973 and 1984 (12). Although 28 cases of 
peripartum heart failure were identified from more than 106,000 deliveries (1 per 3,800 
deliveries), 21 of these cases had clinical states such as hypertension, morbid obesity, and 
mitral stenosis that were felt to contribute to the heart failure. Excluding those cases led 
to the aforementioned incidence of 1 per 15,000. These data emphasize the need for close 
evaluation of women with potential peripartum cardiomyopathy before assigning this 
diagnosis. They also highlight some lack of clarity in the literature about whether to 
consider hypertension as an identifiable cause of cardiac failure, and thereby reserve the 
diagnosis of peripartum cardiomyopathy to non-hypertensive patients. 

Despite the relatively low incidence of peripartum cardiomyopathy, 
cardiomyopathy remains an important cause of maternal mortality. Of all maternal deaths 
(pregnancy related mortality ratio: 13.2 per 100,000 live births in 1999), 9% are now 
attributed to cardiomyopathy. This is in contrast to the estimate of <4% in 1979-1986 
(21,22), suggesting that the proportion of maternal deaths attributed to cardiomyopathy is 
increasing. 

B. Special populations 

Two populations that have an unusually high prevalence of peripartum heart 
failure warrant specific mention. In the late 1970s, it was reported from the Ahmadu 
Bellow University Hospital, located in Zaria in northern Nigeria, that approximately 1% 
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of deliveries among Hausa-Fulani women were followed by heart failure, an incidence at 
least 10-fold higher than any previously reported (23). Interestingly, despite a relatively 
constant delivery frequency throughout the year, there was an association of peripartum 
heart failure with the months of June through October which comprise the hot, humid, 
rainy season in this locale. Furthermore, it became apparent that this syndrome was 
associated with a particular cultural practice: 

"For 40 days or more after delivery, the traditional Rausa mother does not leave 
her compound and lies twice daily for hours on a baked mud bed over a fire, which 
makes her hut very hot, splashes herself with scalding hot water, and eats highly spiced 
food and a pap laced with kanwa, a dried lake-salt" (from reference (24)). 

A subsequent echocardiographic study from this hospital showed that the majority 
of such patients had relatively preserved ejection fraction and in those who underwent 
right-sided heart catheterization, a normal to high cardiac output (25). Thus, it was felt 
that this syndrome represented primary volume overload, in some way related to the 
exposure to heat and excessive sodium intake from kanwa ingestion, rather than a true 
cardiomyopathy. 

More recently, it has been reported that the incidence of peripartum 
cardiomyopathy in the Hospital Albert Schweitzer, located in west central Haiti, is 1 per 
400 live births (26), a rate 5-10 fold higher than seen in the United States. An ongoing 
epidemiological investigation (the HAS PPCM Project) is attempting to elucidate the 
basis for this observation (27). 

C. Risk factors for peripartum cardiomyopathy 

Risk factors for the development of peripartum cardiomyopathy have been identified by 
comparing baseline characteristics of women with this entity to those who do not develop 
cardiomyopathy following pregnancy. 

Table 2. Risk Factors for Developing Peripartum Cardiomyopathy. 
1. Older age (1,4,18,28) 
2. Greater parity (1,4,18,28,29) 
3. Multifetal pregnancy (1,4,30) 
4. African-American ethnicity (1,18) 
5. Chronic hypertension (12) or gestational hypertension/preeclampsia 
6. Cocaine (31) 
7. Prolonged tocolytic therapy (32) 
8. Family history of peripartum cardiomyopathy (29,33-35) 

D. Is peripartum cardiomyopathy different than (occult) idiopathic dilated 
cardiomyopathy? 

An important question is whether peripartum cardiomyopathy is a different 
clinical entity than dilated cardiomyopathy. There is general agreement that this is the 
case (5) based on several observations. First, the frequency of peripartum 
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cardiomyopathy is said to be higher than the expected frequency of idiopathic 
cardiomyopathy in women of this age group, though accurate population-estimates of 
heart failure in age-matched nonpregnant women are not truly available (5). Second, 
patients with antecedent cardiomyopathy may be expected to have a different course 
during pregnancy than those with peripartum cardiomyopathy. As discussed above, it 
would be anticipated that if patients with idiopathic dilated cardiomyopathy develop 
symptoms of decompensated heart failure they would do so earlier in pregnancy in 
concert with the hemodynamic alterations that occur before the last month of pregnancy. 
One case report from China would support this contention (36). An interesting 
comparison of the course of pregnancy in patients with antecedent dilated 
cardiomyopathy (n=8) versus peripartum cardiomyopathy (n=23) has recently been 
published (37). Patients with antecedent dilated cardiomyopathy tolerated their pregnancy 
significantly better than women who developed peripartum cardiomyopathy. 7 of 8 
patients with dilated cardiomyopathy remained NYHA class 1 - 2 throughout the 
pregnancy and postpartum period, and the left ventricular ejection fraction (in the four 
who were studied) remained stable. In contrast, 12/23 women with peripartum 
cardiomyopathy had adverse outcomes (death, transplant, or deterioration to NYHA class 
3 or 4) with subsequent pregnancy, suggesting that peripartum and idiopathic dilated 
cardiomyopathy are distinct clinical entities. Third, the natural history of patients with 
idiopathic dilated cardiomyopathy is different from that of patients with peripartum 
cardiomyopathy. Peripartum cardiomyopathy was associated either with a more rapid 
decline and death OR a fairly high rate of spontaneous recovery, which contrasted with 
the slow decline among those with dilated cardiomyopathy (38) in the pre-beta blocker 
era. Fourth, some (39,40) (but not all (41)) studies have shown that myocarditis is more 
common in patients with peripartum cardiomyopathy than in dilated cardiomyopathy, 
perhaps explaining the association of peripartum cardiomyopathy with either rapid 
demise or recovery, and again suggesting that it is a distinct entity versus dilated 
cardiomyopathy. Finally, the recurrence of heart failure with subsequent pregnancy 
despite recovery of left ventricular function strongly suggests that peripartum 
cardiomyopathy is not simply unmasking of occult (asymptomatic or previously 
undiagnosed) cardiomyopathy. The table below summarizes these points. 

Table 3. Peripartum and Idiopathic Dilated Cardiomyopathy are Distinct Entities. 
1. Higher frequency in young women than would be expected (caveat: limited 

population-estimates of dilated cardiomyopathy). 
2. Onset of peripartum cardiomyopathy does not follow the time course of 

hemodynamic stress of pregnancy. 
3. Patients with dilated cardiomyopathy may tolerate pregnancy better. 
4. Different natural history- peripartum cardiomyopathy associated with fulminant 

decline or rapid recovery. 
5. Higher incidence of myocarditis in peripartum cardiomyopathy (possible). 
6. Recurrent heart failure with subsequent pregnancy in peripartum cardiomyopathy. 
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Ill. Natural history 

Peripartum cardiomyopathy can be associated with premature death OR rapid, 
complete recovery. This pattern was evident even in the earliest case series, where 4 
patients died from complications of heart failure but another 3 completely recovered (2). 
Other studies have confirmed these widely divergent outcomes. 

About 35-60% of women with peripartum cardiomyopathy will have significant 
recovery of left ventricular function (4,16,18,20,28,42-44). 

Baseline characteristics that are risk factors for an adverse outcome are shown. 

Table 4. Risk Factors at Presentation for Adverse Outcome. 
1. Older age (16,18,45) 
2. African-American ethnicity (18) 
3. Multiparity (16,18,45) 
4. Later symptom onset (18,45) 
5. Larger LV volume or lower EF (18,38,39,43,45) 
6. Greater hemodynamic disturbance- PA, PCWP, Cl (39,45,46) 
7. Conduction disease on EKG (45) 

Whether a patient develops reverse remodeling and recovery of left ventricular 
ejection fraction by 6 -12 months is a critical predictor of long term outcome. 

Table 5. Cardiac Size at 6 Months Predicts Outcome. From reference_(4). 
Cardiomegaly at 6 months Follow-up Death 

(years) 
No 10.7 2/14 (14%) noncardiac 
Yes 5.4 11/13 (85%) 

The variability in the estimate of mortality associated with peripartum cardiomyopathy is 
large for unclear reasons, but possibly secondary to case selection, baseline 
characteristics of the treated patient population, or treatment strategies. A composite of 
selected series is shown. 
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T bl 6 0 t . p . a e . u come 10 erapar urn c h ardiomyopat ty. 
Location Investigator Year N Race* FlU Death or 

(years) Transplant 
N (%) 

Parkland Cunningham (12) 1973-84 7 71% AA -2 4 (57%) 
43% W 

Brazil Carvalho (18) 1982-88 19 1.8 4 (21 %) 
Australia Aroney (47) 1978-85 5 80% W 1.4 5 (100%) 
Loyola O'Connell (39) < 1986 14 ? 1 6 (43%) 
(Chicago) 

Johns Hopkins Felker (48) 1982-97 51 53% W 5 3 (6%) 
47% AA 

India Ravikishore (45) ? 20 0.8 1 (5%) 
Memphis Witlin (16) 1986-94 28 75% AA ? 8 (29%) 

21% W 
Lexington Ford (20) 1992-8 11 91% W ? 1 (9%) 
South Africa Sliwa (43) 1996-7 29 100% Black 0.5 14 (48%) 

TOTAL 184 -2.5 46 (25%) 
(Crudely) 

*W=Whtte, AA=Afncan-Amencan. 

Thus, most studies suggest that peripartum cardiomyopathy is associated with substantial 
mortality though it remains unclear why there is a nearly 10-fold range in mortality 
estimates. The large series from Johns Hopkins merits further analysis. This group has 
compared the outcome of patients with peripartum cardiomyopathy to patients with other 
types of cardiomyopathy (48). 

Ol 
c 
·;; 
·E o.1s 
:J 
If) 

"' c 
"' ·~ 0.50 

0.. 

c 
0 ·e 
g_ 0.25 
0 a: 

;·_._ 
Card io m yopathy due 

to doxorubicin therapy 

Idiopathic c~ rdiomyopathy 

Co)rdio yopOlh}' due to 
.....__, Ischemic heart dlsease 

~- ------
Cardfomyopalhy due to mfillrat1ve rnyocard1al d1sease 

L__. _____ _ _ 

Cardiomyopathy due lo HlV in fechon 

0.00-'-r---------.------ - --,--------, 
0 5 10 15 

Yna r~ 

Figure 2. Peripartum Cardiomyopathy has Better Outcome than Other 
Cardiomyopathies: Johns Hopkins experience. From reference (48). 
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The lower risk associated with peripartum cardiomyopathy persisted in multivariable 
analysis (relative risk 0.31, 95% confidence intervals 0.09-0.98, p=0.05) (48). 

To summarize, the following important points regarding the natural history of 
peripartum cardiomyopathy can be made: 

1. Patients may have rapid recovery with restoration of normal left ventricular 
function OR have deterioration to fulminant cardiac failure and death (in the 
absence of transplantation). Recovery can be expected in 35-60% of patients. 

2. Baseline characteristics may offer prognostic value. 
3. Recovery of left ventricular function at 6 -12 months has important prognostic 

value. 
4. A wide range in the estimate of the mortality associated with peripartum 

cardiomyopathy has-been reported for unclear reasons. 

IV. Etiology 

The etiology of peripartum cardiomyopathy is not known. There has been 
surprisingly slow progress in this regards, especially when contrasted to other 
cardiomyopathies such as familial dilated or hypertrophic cardiomyopathy. Three 
potential etiologies (autoimmunity, infectious (myocarditis), and genetic predisposition) 
are most likely based on available data. 

A. Autoimmunity- The suggestion that peripartum cardiomyopathy is an autoimmune 
disease, perhaps similar to other postpartum autoimmune diseases such as thyroiditis, has 
been spearheaded by investigators from Emory University School of Medicine (50). In 
women with peripartum cardiomyopathy, they have identified autoantibodies to 27, 33, 
and 37 kDa proteins expressed by the heart (51). In the NHBLI Peripartum Workshop 
(5), data were presented showing that the presence of such autoantibodies was higher in 
patients with peripartum than idiopathic dilated cardiomyopathy. 

Table 7. Serum Levels of Antibodies to Cardiac Muscle Proteins in Peripartum and 
Id~o!_lathic Dj_!_ate~ C~rdiomyopathy. Fro~ ~L 

Antibody Titer Levelst 

Pati_ent Group < 1:20 1:20 -1 :160 > 1:160 

ANT 

ldiop(ltll:C CM 16156 (28) 29/56 (52i 11 /56(20) 

Penp(lrtumCM 1/10 {10) 1/ 10(10) 8/ 10 (flO) 

BCKD 
ld~at hicCM 301~!53) 21! 56 {38} 5156 (9) 

PenpnrtumCM 0/10 (0) 2!10 (20i ll/10 (80) 

Myosin 

ldJOpathic CM 18155 !32) 27t56 (48) 11!56 (201 

Penpartum CM 1110 i10j 1110 (10) 8110(80) 

"A. Ansa:~, tAD. nrlf1!titsf• ~ l d!1l<t, 1'-*.1/ 
t n~x~rxocalrll lt u:: l u!Jfl f~l ;Jila!inn t l f :;(,~ t ltn::Yu t •)lr~; !:;l t(l\'Jif~ l waclf•.it';ur t~tr:rit di•!lllt.'> l Ull o lht.".;l'\',;lh low( .. .;. 1 · ~0). 

n~f.!IJUII( l .?fl l . l f'(1t,;:uvl h~tl (~ I 16Qititu s ANTI!ldtt:nlosm:knne: rt•dootidctmnslooator 13CKD.l:tMdlcdchrurt 
o ·kl;t<l ( ft)! l ! ll!!!/( t:~J'iJl'f ~:-J~ D~l.l f:lh:'.;t-'11!1;'(1 ~ ~~ N(oi l ol~ {t...J uC l)tltu;rJIS lH Nl.dl [J C.tl.') 
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At least one other group has reported the presence of anti-cardiac antibodies in patients 
with peripartum cardiomyopathy (52). 

The inciting trigger for the development of autoimmunity is not known. However, 
fetal cells and DNA (53) are found in the maternal circulation during pregnancy, and 
male fetal progenitor cells are able to persist there for over 2 decades (54). By exposing a 
woman to paternal antigens, it is postulated that microchimerism (persistent low level 
presence of a cell population or DNA from a different individual) may contribute to the 
development of peripartum cardiomyopathy (50), as has been previously postulated in 
other autoimmune diseases such as scleroderma (55). Though interesting, much work 
remains in this field. Perhaps most important is to determine whether these auto
antibodies are central to the patliophysiology of this disorder or merely epiphenomenon. 

B. Infectious (Myocarditis)- The possibility that myocarditis may be an important cause 
of peripartum cardiomyopathy was suggested in 1982 by a case series of 3 patients who 
had myocarditis diagnosed by transvenous endomyocardial biopsy (56). Subsequent 
groups (39,40,48) have found high rates of myocarditis among women with peripartum 
cardiomyopathy (29-51 %), though one reported a much lower (9%) prevalence (41). The 
inciting etiology of the myocarditis, e.g., autoimmunity (as above) or infectious, remains 
unknown. Animal data do suggest an enhanced sensitivity to viral myocarditis (57,58) 
during pregnancy. In one model using a Coxsackie B-3 virus to inoculate Balb/c mice, 
non-pregnant female mice were relatively resistant to myocarditis in contrast to their 
male counterparts (58). However, once pregnant, female mice became equally 
susceptible. The enhanced sensitivity to myocarditis during pregnancy was ascribed to 
elevated progesterone levels, since administration of exogenous progesterone was 
similarly associated with increased susceptibility to myocarditis. 

C. Genetic- Familial peripartum cardiomyopathy was first reported in 1963 (35). This 
entity was confirmed by others (29,34). However, there are no reported linkage analyses 
or candidate gene association studies reported to date. The advances in the genetics of 
familial dilated and hypertrophic cardiomyopathy (49) suggest that this area is fertile for 
future investigation. 

Other potential etiologies of peripartum cardiomyopathy such as nutritional deficiency 
(selenium (59-61)), prolonged administration of tocolytic therapy (32), and an 
exaggeration of pregnancy-related remodeling (5) have less supporting data. 

D. Role of Gqa: Insights from transgenic mice 

The angiotension II, a1 adrenergic, or endothelin receptors initiate a signal for cardiac 
hypertrophy in cell culture mediated via Gqa (62-64). Thus, it was not surprising that 
transgenic mice overexpressing Gqa developed cardiac hypertrophy (65). Subsequently, 
it was shown that these mice develop cardiomyopathy in response to pregnancy, in 
contrast to 2 other transgenic models of cardiac hypertrophy which do not (66). The 
cardiomyopathy was associated with high rates of apoptosis. Interestingly, there were 
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similarities between this murine model of peripartum cardiomyopathy and its human 
equivalent. Specifically, the pregnant mice developed heart failure with a dilated 
cardiomyopathy at a peak incidence of 1 week post-partum and had markedly diminished 
survival that was related to the number of pregnancies. In contrast, however, no 
myocardial inflammation was seen on histological analysis of the mice that developed 
peripartum cardiomyopathy. 

Figure 3. Survival and timing of symptom 
onset in transgenic Gqa murine model of 
peripartum cardiomyopathy. From reference 

~ (66). 
l 25 

. ~----------~~ 0 I 2 
Pr•onancy Humber 

Figure 4. Gross morphology of wild-type (left 
side) and Gqa transgenic mice (right side) 
after pregnancy. The transgenic mice develop a 
dilated cardiomyopathy. From reference (66). 

A more recent investigation from this group has shown that a protein, Nix/BnipEL, is 
induced by cardiac hypertrophy, localizes to the mitochondria, and is involved in cardiac 
apoptosis. Experiments in which either Nix or a dominant negative inhibitor of Nix were 
overexpressed demonstrated that Nix was both necessary and sufficient for the 
development ofperipartum cardiomyopathy in the transgenic Gqa mice (67). How these 
insights relate to human peripartum cardiomyopathy are not yet clear but open an 
exciting new line of investigation with considerable promise. 

V. Treatment 

The treatment of peripartum cardiomyopathy in the postpartum setting will be 
considered first, followed by a discussion of special therapeutic considerations for the 
patient diagnosed while still pregnant. 
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A. Treatment in the postpartum period. 

There are no large randomized clinical trials available to guide clinical decision 
making, perhaps not surprising given the low incidence of this disorder. Thus, therapy for 
patients with heart failure from peripartum cardiomyopathy in the postpartum setting is 
based on results of evidence gathered from studies of patients with other types of heart 
failure due to systolic dysfunction, with a few notable exceptions that will be discussed. 
Standard measures including dietary sodium restriction, diuretics, digoxin, angiotensin
converting-enzyme inhibitors, and beta-adrenergic blockers are recommended (5,43,68). 
Though there are no data in this setting, if the patient is ACE-inhibitor intolerant, an 
angiotensin receptor blocker should be used (69). Similarly, aldosterone blockade in this 
setting has not been studied but given its benefit in other types of heart failure (70,71) 
this too seems appropriate. 

i. Particular therapeutic considerations for peripartum cardiomyopathy 

Due to the high rates of embolic disease (2,18,72), anticoagulation with warfarin is 
recommended, especially for those with more severe cardiac dilation or dysfunction (e.g., 
ejection fraction < 35%) (5). The addition of pen toxify !line to conventional medical 
therapy in a consecutive series of 30 patients improved their outcomes as compared to the 
29 patients treated immediately prior to the study (73). The authors postulated that the 
benefits of pentoxifylline were mediated through its inhibitory effect on tumor necrosis 
factor a (73), a cytokine implicated in the pathogenesis of heart failure (74). In another 
small study, the administration of intravenous immune globulin (2 g/kg) was associated 
with a greater improvement in ejection fraction in 6 patients as compared to 11 recent 
historical controls (increase of 26 ± 8 vs.13 ±13 ejection fraction units, respectively, 
p=0.04), suggesting further study of this approach is warranted. A larger (n = 62) 
randomized trial of intravenous immunoglobulin (Intervention in Myocarditis and Acute 
Cardiomyopathy trial) in the setting of new-onset ( < 6 months) cardiomyopathy in adults, 
however, did not show benefit (75) though this was a different patient population. 

Perhaps the most challenging question in the treatment of patients with 
peripartum cardiomyopathy is whether immunosuppressive therapy should be 
administered in the presence of documented myocarditis and clinical deterioration. 
As described above, myocarditis is documented in 9% to 51% (39-41,48) of patients. The 
presence of myocarditis does not appear to be related to prognosis ( 46). Some believe 
that immunosuppressive therapy is associated with improved survival in the setting of 
myocarditis (39) but others are more cautionary (76). The Myocarditis Treatment Trial 
did not find any benefit to the addition of immunosuppressive therapy in the management 
of patients with myocarditis (77) but patients with peripartum cardiomyopathy were not 
included and thus this issue remains open. The NHLBI Workshop panel concluded that 
"Immunosuppressive therapy can be considered if an endomyocardial biopsy indicates 
myocarditis, and if there is no improvement after 2 weeks of standard heart failure 
therapy" (5). This strategy implies that endomyocardial biopsy should be performed in 
the patient who does not improve after 2 weeks of conventional medical therapy, and 
perhaps sooner if there is a more fulminant course. 
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ii. Treatment for patients failing medical therapy 

Because of the potential for subsequent complete recovery, aggressive attempts should 
me made to support patients long enough for improvement to occur. However, in those 
who cannot be supported despite parenteral inodilator therapy, implantation of a left 
ventricular assist device as a "bridge" to cardiac transplantation is indicated (78). 

Cardiac transplantation: A modest experience assessing the safety of cardiac 
transplantation for patients with peripartum cardiomyopathy has accumulated (79-81). 
One study compared 10 women who underwent heart transplantation for peripartum 
cardiomyopathy to 39 who underwent transplant for dilated cardiomyopathy (80). In 
comparing these 2 groups, women with peripartum cardiomyopathy had slightly higher 
rates of rejection and infection but comparable 2-year survival rates. In contrast, another 
study that compared 8 women with peripartum cardiomyopathy to 9 age-matched women 
heart transplant recipients showed similar rates of rejection, infection, and survival 
between these 2 groups (79). The largest experience to date comes from the Cardiac 
Transplant Research Database, a multi-institutional consortium of predominantly US 
Medicare-approved heart transplant centers (including UT Southwestern) (81). In their 
analysis comparing 40 women with peripartum cardiomyopathy to 200 women of 
childbearing ages who were transplanted for other reasons, they found no difference in 
rates of rejection or survival between the 2 groups, providing considerable reassurance to 
proceed with cardiac transplantation when necessary in women with peripartum 
cardiomyopathy. 

Given the increasing numbers of women undergoing cardiac transplantation for 
peripartum cardiomyopathy, it is not surprising to see reports of subsequent pregnancies 
in such patients (82-84). In the small number reported to date, recurrent cardiac failure 
did not occur. Nevertheless, pregnancy in heart transplant recipients is associated with a 
high rate of pregnancy complications including hypertension, preeclampsia, pre term 
labor, and neonatal complications (85) and should be managed in a high risk center. 

Table 8. Treatment of Peripartum Cardiomyopathy (postpartum period only). 
1. Standard medical therapy for dilated cardiomyopathy including sodium 

restriction, digoxin, diuretics, ACE-inhibitors, ~-blockers, and possibly 
aldosterone blockade. If patient is ACE-inhibitor intolerant, use angiotensin 
receptor blocker. Do not use ACE-inhibitor or ARB if patient still pregnant. 

2. Anticoagulation, especially if ventricle is large or LVEF < 35%. Avoid coumadin 
if the patient is pregnant. 

3. Consider endomyocardial biopsy if no improvement after 2 weeks, and 
immunosuppressive therapy if myocarditis is found. 

4. For patients failing medical therapy, cardiac transplantation in appropriate 
candidates is an effective option. Left ventricular assist devices may be needed to 
"bridge" such patients to transplant. 

5. Single studies support use of pentoxifylline and IVIG but further data are needed 
before these approaches are used. 
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B. Treatment when patient is still pregnant. 

In the less common situation when the diagnosis of peripartum cardiomyopathy is made 
while the patient is still pregnant (1,12,16,17), additional considerations regarding 
medical therapy and planning for the expected delivery are needed. 

i. Medical therapy: The recoinmendations for medical therapy are slightly altered 
due to concerns regarding teratogenicity and fetal safety. Specifically, ACE-inhibitors 
and angiotensin receptor blockers should not be used in pregnancy. In their place, 
hydralazine and possibly nitrates could be substituted. Second, warfarin should be 
avoided (last month of pregnancy) since this will be associated with increased risk of 
fetal and maternal hemorrhage. Unfractionated heparin should be used in its place when 
anticoagulation is felt necessary. The role of low molecular weight heparin in pregnancy 
is emerging (86,87). Beta-blockers are felt to be safe during pregnancy (88), though there 
is some concern that they are related to small-for-gestational age infants and possibly 
neonatal bradycardia (89). Other therapies such as sodium restriction, diuretics, and 
digoxin are felt safe in this setting. 

ii. Management of labor and delivery: There are few data available to guide 
decisions regarding the timing and mode of delivery. The NHLBI workshop states "The 
need for early delivery and the mode of delivery should be assessed through collaboration 
with cardiologists and anesthesiologists" and provided no references on this topic (5). 
Other recommendations in the literature include 1. use of an arterial and pulmonary artery 
catheter (90,91) 2. have the patient labor in the left-lateral decubitus position (90), 3. 
proceed with vaginal delivery and reserve cesarean section for obstetrical indications 
(90,92), and 4. use forceps to shorten the second stage of labor (90,92). Regional 
(epidural) anesthesia is preferred by some over general anesthesia (91). 

VI. Another pregnancy? 

Perhaps the most pivotal question for physicians involved in the care of a woman 
with peripartum cardiomyopathy is to decide whether it is safe for her to become 
pregnant again. The available evidence suggests the following 2 important points. 

Point 1: Women with peripartum cardiomyopathy are at risk for clinical 
deterioration with a subsequent pregnancy. 

For example, among 10 women who became pregnant again, 6 had clinical deterioration 
with recurrent heart failure (42). Interestingly, in 2 of these cases, the pregnancy 
complicated by heart failure alternated with or followed a pregnancy that had been 
uneventful. Numerous series have confirmed that women with peripartum 
cardiomyopathy are at increased risk of heart failure with subsequent pregnancy 
(4,16,28,93,94). 
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Point 2: The ability to safely undertake a pregnancy is related to whether there 
was complete recovery following the initial episode of peripartum cardiomyopathy. 

In the above described 6 of 10 cases who developed recurrent heart failure, the 2 patients 
whose heart size remained enlarged after the initial episode died in heart failure following 
the subsequent pregnancy ( 42). The importance of improved left ventricular function 
before embarking upon another pregnancy was reinforced by a series from Cook County 
Hospital in Chicago that was gathered from 1947-1967 (4). Of 27 women with 
peripartum cardiomyopathy, 14 had a decrease in their cardiac silhouette to normal 6 
months postpartum while 13 had persistent cardiomegaly. Among those with a normal 
cardiac silhouette, 2 of 8 subsequent pregnancies were complicated by heart failure, but 
both episodes were easily treated and resolved prior to hospital discharge. In contrast, 
among 6 women who had persistent cardiomegaly following their index pregnancy, 3 
(50%) developed intractable heart failure and died. A subsequent series of 4 patients who 
had documented improved left ventricular ejection fraction following their index 
pregnancy with heart failure (95) reported that all 4 subsequent pregnancies were 
uneventful and serial echocardiography showed no deterioration in left ventricular 
function. However, one case was reported of a woman who had improved left ventricular 
function in the postpartum period but developed recurrent heart failure 4 years later 
during her subsequent pregnancy (93) (though echocardiography was not performed 
immediately prior to the subsequent pregnancy). 

The largest study addressing this issue has recently been published (94). A survey 
was sent to all -15,000 members of the American College of Cardiology inquiring about 
women with peripartum cardiomyopathy who had a subsequent pregnancy. 409 surveys 
were returned to the investigators and led to information about 44 women with 
peripartum cardiomyopathy who had a subsequent pregnancy. The definition for 
peripartum cardiomyopathy used in this study was laxer than the standardized definition, 
including women who had heart failure in the last six months of pregnancy (rather than 
last month) or the first 6 months (rather than 5) following delivery, but did require 
evidence of a left ventricular ejection fraction < 40% and the absence of another 
identifiable cause of heart failure. 5 women had developed heart failure prior to the last 
month of their index pregnancy. The study cohort was divided into women who had 
recovery of left ventricular function (L VEF 2: 50%) prior to their subsequent pregnancy 
(group 1) and those who did not (group 2). The outcomes of these 2 groups are shown 
below. 

Table 9. Outcome with subsequent pregnancy stratified by LV function. From (94) 
LV function before 11 L VEF during >20% fall CHF Death Premature Therapeutic 
subsequent pregnancy pregnancy in LVEF delivery* abortion 
LVEF 2:50 (n = 28) 56 to 49 21% 21% 0 11% 4% 
LVEF <50 (n = 16) 36 to 32 25% 44% 19% 37% 25% 
* Premature delivery was defined as < 37 weeks gestatiOn. 
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The methodology of this study design is undoubtedly associated with important biases. 
Nevertheless, these data emphasize that recurrent pregnancy in women with antecedent 
peripartum cardiomyopathy is associated with adverse fetal and maternal outcomes. 
Women with persistently depressed left ventricular ejection should be counseled not 
to become pregnant again due to an unacceptable risk including death. The more 
difficult question is what to recommend for women who have recovery of left 
ventricular ejection fraction. Many such women will not have heart failure or a fetal 
complication and are unlikely to die with a subsequent pregnancy, but some are at risk for 
adverse outcomes. This observation raises 2 further questions. 

Question 1: Why are women who have recovery of left ventricular function at risk from a 
subsequent pregnancy? 

Question 2: Is there any way to identify those women with a normal resting left 
ventricular ejection fraction who can or cannot safely undergo a pregnancy? 

These are two difficult, and as of yet unanswered, questions, which perhaps is not 
surprising given the poor understanding of the underlying etiology of peripartum 
cardiomyopathy. However, there is some progress in this area. Some women who have 
recovery of cardiac function following peripartum cardiomyopathy, have impaired 
contractile reserve following infusion of dobutamine 5 flg/kglmin (96) despite normal 
resting baseline left ventricular function. Perhaps it is this impaired contractile reserve 
that predisposes to recurrent heart failure under the hemodynamic stress of pregnancy. 
Importantly, though, it is not known whether the women who have impaired contractile 
reserve on dobutamine echocardiography are the same individuals who will not tolerate a 
subsequent pregnancy. Nevertheless, given the risks of this decision, it does seem 
reasonable to me to have women who have recovered left ventricular ejection fraction 
undergo a dobutamine stress echocardiogram prior to subsequent pregnancy to provide 
additional (albeit not yet known if useful) information. If pregnancy is undertaken, serial 
echocardiography should be performed. As recommended in an editorial by Drs. J. 
Rutherford and S. Reimold, a discussion should be undertaken with the woman prior to 
the pregnancy and " .. . an understanding should be reached that the pregnancy should be 
terminated if ventricular function deteriorates and increases the woman's risk to an 
unacceptable degree" (68). 

A diagram depicting an approach to a woman with peripartum cardiomyopathy 
considering a subsequent pregnancy is shown. 
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Patient with prior peripartum cardiomyopathy 

"Is it safe to be pregnant again?" 

Normal LVEF 

' ? Dobutamine stress 
echocardiography 

Normal 1 
contractile reserve 

Persistent low LVEF (<50%) 

? 
Abnormal 

contractile reserve 

l 
No pregnancy 

Pregnancy may cautiously be undertaken after discussion with patient that: 
1 . She may still be at increased risk of fetal and maternal complications 
2. Close monitoring including serial echocardiography will be needed. 
3. Treatment will be at high-risk obstetrical center in collaboration with cardiology. 
4. If cardiac deterioration occurs, pregnancy termination may be 

recommended. 

Figure 5. Potential Approach for Women with Previous Peripartum 
Cardiomyopathy Considering Another Pregnancy. Whether an abnormal response to 
dobutamine echocardiography should preclude a subsequent pregnancy, or a normal 
response dobutamine echocardiography implies a safe outcome, is not yet known. 

J 
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