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Core tip: The purpose of this review is to highlight the 
important advances that have brought us nearer to 
the solution of this puzzle, focusing on what we have 
learned about peripartum cardiomyopathy (PPCM) 
since 2000; and what still remains unanswered. There 
have been many improvements in outcome. Increased 
understanding of the pathogenesis of PPCM is detailed 
herein; however, we still do not know the actual trig-
gers that initiate the pathological process; but realize 
that cardiac angiogenic imbalances resulting from com-
plex pregnancy-related immune system and hormonal 
changes play a key role.
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INTRODUCTION
Peripartum cardiomyopathy (PPCM) represents new 
heart failure in a previously heart-healthy peripartum pa-
tient[1]. It is necessary to rule out all other known causes 
of  heart failure before accepting a diagnosis of  PPCM. 
Specific echocardiographic criteria define the requirement 
of  systolic heart dysfunction with a left ventricular ejec-
tion fraction (LVEF) less than 0.45[2]. Even if  the heart 
failure has its onset slightly out of  the historic definition 
of  time range from one month before delivery to 5 mo 
postpartum, the process is similar, designated as pregnan-
cy-associated cardiomyopathy[3].

The modern era for PPCM in the United States began 
with the report of  the NIH PPCM Workshop Group[1] in 
2000, describing currently known aspects of  the disease; 
including definition, incidence, potential etiologies, risk 
factors, diagnosis and management. Since then hundreds 
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Abstract
Peripartum cardiomyopathy (PPCM) represents new 
heart failure in a previously heart-healthy peripartum 
patient. It is necessary to rule out all other known 
causes of heart failure before accepting a diagnosis of 
PPCM. The modern era for PPCM in the United States 
and beyond began with the report of the National In-
stitutes of Health PPCM Workshop in 2000, clarifying 
all then-currently known aspects of the disease. Since 
then, hundreds of publications have appeared, an indi-
cation of how devastating this disease can be to young 
mothers and their families and the urgent desire to 
find solutions for its cause and better treatment. The 
purpose of this review is to highlight the important ad-
vances that have brought us nearer to the solution of 
this puzzle, focusing on what we have learned about 
PPCM since 2000; and what still remains unanswered. 
Despite many improvements in outcome, we still do not 
know the actual triggers that initiate the pathological 
process; but realize that cardiac angiogenic imbalances 
resulting from complex pregnancy-related immune sys-
tem and hormonal changes play a key role.
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of  publications have appeared, an indication of  the 
pressing nature of  the disease and the desire to find solu-
tions for its cause and better treatment. There have been 
numerous excellent recent reviews[4-8], so this review is 
not designed to cover the broad basic facets of  PPCM. 
Instead, the purpose of  this review is to highlight the 
important advances that have brought us nearer to the 
solution of  this puzzle; and to identify those key areas 
that remain without definitive answers. The summarized 
points of  emphasis are listed in Table 1, and discussed 
individually below.

INCREASING AWARENESS OF PPCM
We know that it helps to have a high index of  suspicion 
that pregnancy-associated heart failure could occur in a 
previously heart-healthy young woman. Although it is 
possible that a fulminant myocarditis/cardiomyopathy 
can suddenly appear without prior warning and aware-
ness, almost all of  these women, upon reflection, can rec-
ognize that they experienced signs and symptoms earlier 
by days and weeks. My incessant theme is this: Physicians, 
nurses and patients must be alert to the possibility that 
a young woman, despite the lack of  any type of  heart 

problem in her medical history, may develop a serious 
cardiomyopathy with acute onset of  heart failure in the 
setting of  pregnancy[9].

One reason for the importance of  this heightened 
awareness is that if  the patient and her health care pro-
viders know about PPCM there is greater potential to 
recognize it earlier. An earlier detection means that the 
baseline or diagnostic echocardiographic LVEF is likely 
to be higher; and when it is in the range of  0.35 or above, 
the chances for full recovery are much greater (Table 
2)[10-17]. At that level the mortality rate is essentially zero 
and the full recovery rate approaches 100%. When at-
diagnosis LVEF is lower, rate of  progression towards re-
covery is slower, particularly in those of  African heritage 
(See Figure 1 and Table 2).

Studies have shown that lower at-diagnosis LVEF 
is found when there are delays in diagnosis. This is well 
demonstrated in the study by Goland et al[10] of  182 Unit-
ed States PPCM patients. They looked at major adverse 
events, defined as either death or complications that were 
life threatening. “Delay in diagnosis” referred to patient 
estimate of  time from onset of  symptoms to time of  
confirming the diagnosis of  PPCM. 136 PPCM patients 
who had no adverse events had a mean delay in diagnosis 
of  1.7 wk while 46 PPCM patients who did have major 
adverse events had a mean delay in diagnosis of  3.8 wk 
(P = 0.02). Time-of-diagnosis LVEF for those without 
serious adverse events showed mean value of  0.31, while 
those with the same serious adverse events showed mean 
of  0.24 (P < 0.001).

HYPERTENSION IN PREGNANCY POSES 
HIGHER RISK FOR DEVELOPMENT OF 
PPCM
Up to one-half  of  PPCM patients have experienced some 
form of  hypertension during their index PPCM pregnan-
cy[4,5]. Recent clues about the importance of  hypertension 
in pregnancy derive from studies of  toxemia of  pregnan-
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  What do we know about PPCM? What remains unknown about PPCM?

  Awareness is important for making an earlier diagnosis with less dysfunction Actual “triggers” that initiate the process
  Hypertension in pregnancy increases risk for development of PPCM Role of virus in pathogenesis
  Most serious complications can be decreased or avoided Why higher incidence and more severe disease in those with

African heritage
  Full recovery occurs more frequently than with any other cardiomyopathy How important role cardiac autoantibodies play in

pathogenesis
  Autoimmunity (or immune system dysfunction) a part of pathogenesis The extent and details of genetic factors
  Inflammatory cardiomyopathy is common Importance of the role of prolactin and prolactin inhibition 

treatment
  Higher incidence and more severe disease in those of African heritage Importance of the role of sFLT1 in pathogenesis
  There can be a genetic predisposition Why do some recovered have a relapse of heart failure with 

subsequent pregnancy
  Effective evidence-based treatment guidelines available Role of micronutrients and trace metals in pathogenesis
  Most recovered do not have a relapse of heart failure in subsequent pregnancy
  Occurs globally, but with geographic variations for incidence and unique characteristics

Table 1  Summary of current state of knowledge about peripartum cardiomyopathy

PPCM: Peripartum cardiomyopathy.

Time interval of observation

Echocardiographic followup, 82 PPCM patients, 
Hôpital Albert Schweitzer, Haiti, 2000-2004
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Figure 1  Lower systolic heart function at diagnosis of peripartum cardio-
myopathy often means less recovery, “start low, stay low”[6,14,26]. PPCM: 
Peripartum cardiomyopathy.



cy (eclampsia and preeclampsia), showing the importance 
of  some biomarkers that assist in early identification of  
patients at high risk[18-20]. These same biomarkers appear 
to be also present in PPCM not only as markers, but 
strongly suspect as causal factors in the pathogenesis of  
PPCM[21]. The functional cardiac abnormalities in severe 
preeclampsia reflect a diastolic dysfunction, and some of  
these women also go on to classical systolic dysfunction 
heart failure that meet diagnostic criteria for PPCM[22,23].

A recent epidemiology report out of  North Caro-
lina[24] shows that out of  79 PPCM patients, 51 (65%) 
had some form of  hypertension. Eleven, (13.9%) had 
preeclampsia, 18 (22.8%) had gestational hypertension, 
10 (12.7%) had chronic hypertension, 10 (12.7%) had 
chronic hypertension and preeclampsia, 1 had eclampsia. 
Only one had hemolysis, elevated liver enzymes and low 
platelet count syndrome.

PREVENTING SERIOUS COMPLICATIONS 
OF PPCM
Most serious complications of  PPCM can be either 
avoided or decreased (See Case Reports 1 through 5). 
The most serious complications of  PPCM (ventricular 
tachyarrhythmias, thromboembolic events, chronic car-
diomyopathy) are found when the diagnostic or baseline 
LVEF is below 0.30 to 0.35[3-5,9-17]: In the Investigations 
of  Pregnancy Associated Cardiomyopathy (IPAC) study, 
5/6 major adverse events (death or transplant or left 
ventricular assist device) occurred in those with baseline 
LVEF < 0.30, confirming that women with severe sys-
tolic dysfunction at presentation have the poorest out-

comes[17]. As such, this group may represent a target for 
future interventional trials.

It is also important to be certain that the best treat-
ment is being implemented for all; but particularly for 
those in this LVEF under 0.30 category so as to help pre-
vent the major complications: Adequate anticoagulation to 
help prevent thromboembolic phenomena; heart rhythm 
monitoring and devices to recognize and treat dangerous 
arrhythmias; and full use of  evidence-based AHA Guide-
line therapy to help achieve eventual recovery[25].

REMARKABLE RECOVERY POTENTIAL
Full recovery of  heart function occurs more frequently 
in PPCM than with any other dilated cardiomyopathy. 
Even with the very limited resources in Haiti, an orga-
nized program to diagnose and manage PPCM, with 
the first population-based PPCM registry, demonstrated 
the ability to improve full recovery from less than 4% 
to over one-third of  women over a period of  4 years[26]. 
The first United States prospective study of  PPCM, the 
IPAC study showed that full recovery (LVEF ≥ 0.50) at 
6 mo postpartum came to a remarkable over 65 % of  pa-
tients[17]. It is important to note that this level of  full re-
covery occurred without the use of  bromocriptine inhibi-
tion of  the lactating hormone, prolactin. This is discussed 
in greater detail later. Other studies, all retrospective in 
nature, have also confirmed high rates of  recovery[11,12,27].

Table 2 confirms the importance of  diagnostic levels 
of  systolic heart function (LVEF) to recovery. Health 
care providers and women in the latter stages of  preg-
nancy are becoming more aware of  the importance of  
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  Study Recovered Non-recovered P

  Goland et al[10,11] (25% African-American) 115 (61.5) 72 (38.5)
     Diagnosis mean LVEF   0.31   0.23   < 0.0001a

     Diagnosis mean LVEDd (cm) 5.5 6.1    0.002a

  Amos et al[12] (51% African-American)   22 (44.9) 27 (55.1)
     Diagnosis mean LVEF   0.23   0.20 0.16
     Mean LVEF (%) at 2 mo                         43                         24 < 0.001a

     Diagnosis mean LVEDd (cm) 5.6 6.2  0.01a

  Modi et al[13] (88.6% African-American)                       14 (35)                      26 (65)
     Diagnosis mean LVEF   0.29   0.21  0.02a

     Diagnosis mean LVEDd (cm) 5.9 6.2 0.16
  Fett et al[14] (all African heritage)   32 (27.6) 84 (72.4)
     Diagnosis mean LVEF   0.28   0.23    0.002a

     Diagnosis mean LVEDd (cm) 5.6 5.9  0.03a

  Safirstein et al[15] (3.6% African-American)   43 (78.2) 12 (21.8)
     Diagnosis mean LVEF   0.29   0.24 0.13
     Diagnosis mean LVEDd (cm) 5.4 5.9 0.21
     Diagnostic LVEF > 0.35 25/25                           0 < 0.001a

  1Haghikia et al[16]                       45 (47)                      51 (53)
     Diagnosis mean LVEF   0.28   0.17   < 0.0001a

  McNamara et al[17] (30% African-American)                       59 (65)                      32 (35)
     Diagnostic LVEF < 0.30                10/30 (33)               20/30 (67)    0.001a

     Diagnostic LVEF ≥ 0.30                58/70 (82.9)2               21/70 (17.1)2    0.001a

Table 2  Echocardiographic parameters at diagnosis as predictors of recovery (Left ventricular ejection fraction ≥ 50%) for 
peripartum cardiomyopathy  n  (%)

1For this group, recovery defined as LVEF 0.55, mean LVEF shown for improved vs non-improved; 2Pending last echo late data entry from 12 mo postpar-
tum. LVEDd: Left ventricular end-diastolic diameter; LVEF: Left ventricular ejection fraction; Recovered: Last LVEF ≥ 0.50; Non-recovered: Last LVEF < 0.50;  
aP ≤ 0.05 vs non-recovered.
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of  serum hsCRP, Tumor Necrosis Factor-α, and Inter-
leukin-6[36]. These inflammatory markers also helped to 
predict outcome.

The biomarker of  serum hsCRP will only be elevated 
in the presence of  an inflammatory cardiomyopathy, a 
frequent occurrence in PPCM. However, one would not 
expect an elevation of  serum hsCRP if  no inflammatory 
cardiomyopathy exists, such as in the presence of  a famil-
ial dilated cardiomyopathy or in a relapse of  heart failure 
in a previously unrecovered PPCM mother in a post-
PPCM pregnancy.

Multiple proinflammatory cytokines involved in the 
pathogenesis of  PPCM include Fas, hsCRP, Interferon-γ, In-
terleukin-6, Transforming Growth Factor-β, Tumor Necro-
sis Factor-α and others in the process of  evaluation[28,34,37].

GENETIC FACTORS IN PPCM
An important proportion of  PPCM patients, around 
5%-10%, have either a genetically caused condition (which 
would make the correct diagnosis familial dilated cardio-
myopathy) or a genetic predisposition to develop PPCM 
when linked with additional factors[5,38]. Higher incidence 
of  PPCM in those of  African origin can be attributed in 
part to genetic factors, although environmental factors 
may also play an important role[39,40]. A genome-wide as-
sociation of  PPCM with chromosome 12p11 locus has 
been reported by Horne et al[38]. There may also be a ge-
netic predisposition to the development of  PPCM, with 
another factor or factors, involving a complex interaction 
of  pregnancy-associated immune system changes[41].

It is important to explore further the relationship of  
PPCM with Idiopathic dilated cardiomyopathy (IDCM) 
since clinically there are many similarities. Up to one-
quarter of  familial dilated cardiomyopathy patients and 
18% of  sporadic IDCM have the presence of  TTN, the 
protein encoding the sarcomere protein titin[42]. What 
proportion of  PPCM patients also have this gene? Addi-
tional studies need to be carried out exploring the finding 
of  a single nucleotide polymorphism, rs258415, to have 
genome-wide significance in PPCM versus control moth-
ers[38]. Additional studies are ongoing and will certainly 
continue to add to our knowledge about inherited pat-
terns and genetic influences in PPCM.

EVIDENCE-BASED TREATMENT OF PPCM
There is effective evidence-based treatment available with 
the combination of  tolerable dosages of  diuretics, Angio-
tensin Converting Enzyme Inhibitors (ACEI) and beta-
blockers (BB) as outlined in published Guidelines. There 
need be no guess work in the application of  effective 
treatment for PPCM since proved effective treatment of  
heart failure from PPCM is available and clearly defined 
in the American Heart Association and European Society 
of  Cardiology Guidelines for treatment of  heart failure 
with reduced LVEF[25,43]. This evidence-based treatment 
(categories of  Class Ⅰ: “Benefit exceeds risk, should use” 
and Level of  Evidence A: “Data from multiple clinical 

early identification of  PPCM; and are becoming more 
alert about how to differentiate normal late pregnancy 
signs and symptoms from early heart failure symptoms[9].

IMMUNE SYSTEM CHANGES IN 
PATHOGENESIS OF PPCM
Immune system changes (autoimmunity or immune sys-
tem dysfunction) are an important part of  the pathogen-
esis of  PPCM[28]. Alterations in cellular immunity have 
been observed in PPCM patients compared to normal 
postpartum women. An increase in the activation of  
regulatory T-cells and innate immunity is a necessary part 
of  all pregnancies. However, there is an increase of  T 
cells (CD3+ CD4- CD8- CD38) in PPCM patients com-
pared to healthy postpartum patients. Natural killer (NK) 
cells (CD3- CD56+ CD16+) are significantly reduced in 
PPCM patients compared to healthy postpartum women. 
Furthermore, while the decrease in percent of  NK cells 
is similar in both black and white PPCM patients at entry 
to the study, this decrease persisted 2 mo later only in 
blacks[29-31]. IPAC, with a prospective study of  100 North 
American PPCM patients, is currently investigating if  this 
immune system activation correlates with recovery out-
comes[17]. (IPAC available at http://www.peripartumcmnet-
work.pitt.edu). The earlier Investigations of  Myocarditis 
and Acute Cardiomyopathy studies identified comparable 
findings in their PPCM cohort[30]. This remarkable find-
ing relating to differences between African heritage and 
Caucasian PPCM mothers with respect to NK cells is 
undergoing additional studies[31].

INFLAMMATORY CARDIOMYOPATHY IN 
PATHOGENESIS OF PPCM
A cardiomyopathy with inflammatory cytokines is com-
mon in PPCM. This inflammatory process may be either 
cellular or molecular non-cellular or both[27,32-34]. Mean 
serum levels of  high sensitivity C-Reactive Protein 
(hsCRP), a simple and inexpensive laboratory estimate 
reflecting proinflammatory cytokines, were found to be 
significantly elevated in 22 Haitian PPCM patients com-
pared to 14 non-PPCM Haitian mothers (144.3 mg/L, 
range 2.8-946 vs 5.2 mg/L, range 1.8-9.9, P < 0.001)[14]. 
In the same population, significantly higher mean serum 
hsCRP levels were found in recovered PPCM patients 
compared to non-recovered PPCM patients (417 mg/L 
compared with 27 mg/L, P = 0.004), suggesting that a 
vigorous inflammatory response favored chances of  re-
covery[33,34]. Elevated mean serum hsCRP levels have also 
recently been reported in 52 Chinese PPCM patients 
compared to 52 non-PPCM controls (28.2 mg/L vs 6.2 
mg/L, P < 0.05)[35]. In South African PPCM patients 
at diagnosis, higher levels of  serum hsCRP correlated 
with left ventricular end diastolic diameter (P = 0.003) 
and inversely with LVEF (P = 0.015)[32]. A recent article 
describing a prospectively identified cohort of  46 PPCM 
patients in India also reports significantly elevated levels 
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trials and multiple populations”) for systolic heart failure 
with decreased LVEF consists in giving tolerable dos-
ages of  diuretics, ACEI (replaced by hydralazine with or 
without nitrates if  still pregnant or breastfeeding) and BB. 
Angiotensin receptor blockers (ARB) may be used if  there 
is ACEI intolerance; but just as with ACEI, they are not 
safe to take during pregnancy or conception. Otherwise, 
this Guideline-recommended treatment is the same as for 
heart failure in other non-ischemic cardiomyopathies.

Very severe systolic dysfunction at diagnosis with 
circulatory collapse will require other treatment for he-
modynamic support; and prevent the initial use of  BB. 
As mentioned in the section on thromboembolic events, 
appropriate anticoagulation until improvement of  LVEF 
above 0.30-0.35 is indicated.

Work by Hilfiker-Kleiner et al[44] and Sliwa et al[45] with 
respect to potential cardiotoxic prolactin metabolites has 
stimulated interest in the use of  prolactin inhibition by 
bromocriptine. In regards to the use of  bromocriptine, 
the recent study out of  Germany[16], found the greatest 
improvement (55 out of  57 or 96%) occurred in PPCM 
patients receiving combination treatment of  BB, ACEI/
ARB and bromocriptine (2.5-5 mg/d for 4 wk). These in-
vestigators reported “full recovery” (LVEF ≥ 0.55) for 
45 out of  96 (47%) PPCM patients; but that there was 
no statistically significant difference in those who reached 
full recovery for the 64 who received bromocriptine com-
pared with the 32 who did not receive bromocriptine. 
Out of  96 PPCM patients, 14 failed to improve. All of  
these had baseline LVEF ≤ 0.25.

These European investigators indicate that bro-
mocriptine “may not be sufficiently effective in all pa-
tients, especially in PPCM patients with very low baseline 
EF”[16]. Their cohort of  PPCM patients with very low 
baseline EF also frequently could not receive BB treat-
ment due to low blood pressure and bradycardia. It is to 

be noted that the full recovery rates for these European 
patients were very similar to those reported by North 
American IPAC investigators, a study in which bro-
mocriptine had not been a part of  the treatment[17].

The best tolerated dosages of  combination BB and 
ACEI treatment will be the most helpful in moving to-
wards full recovery. A serious deficiency in treatment 
would be the use of  only BB or only ACEI/ARB in-
stead of  a combination of  the two at tolerated dosages. 
Very slow and small incremental increases in dosages as 
needed can circumvent the limiting factor of  postural hy-
potension symptoms. This is the best way to successfully 
reach the more effective restorative effects with solid in-
creases in LV systolic function.

Aside from hemodynamic benefits, the combination 
of  BB + ACEI may be synergistic; and may depend upon 
their influence in helping to correct the immune system 
dysfunction that plays a pathogenic role in PPCM[46-48]. 
Anticoagulation to avoid thromboembolic events is ex-
tremely important for those who have LVEF < 0.35. 
In that lower cardiac function group it is important to 
monitor heart rhythm to detect and treat ventricular 
tachyarrhythmias.

Pentoxifylline, as an inhibitor of  the proinflammato-
ry cytokine, Tumor Necrosis Factor-α, appeared earlier 
in South Africa[49] to be helpful to improve left ventricu-
lar function. However, in our trials in Haiti, pentoxifyl-
line failed to show any evidence for improved survival or 
improved clinical or echocardiographic left ventricular 
function[9,50].

Long-term follow-up is important as we continue to 
see late sudden death in some apparently recovered PPCM 
mothers; and do not know if  this represents sudden car-
diac death (SCD) and ventricular tachyarrhythmias as a 
consequence of  PPCM-related scar tissue in the conduc-
tion system or from new onset disease, such as coronary 
artery disease[51,52].

POST-PPCM PREGNANCIES
The majority of  PPCM mothers who experience appar-
ent full recovery (LVEF ≥ 0.50) will not experience a 
relapse of  heart failure with a subsequent pregnancy; or, 
if  they unexpectedly experience a relapse, the treatment, 
when initiated early, is very effective[53,54]. In that case, 
the outcome is still good for mother and baby; and over 
90% of  those who begin the post-PPCM pregnancy with 
LVEF above 0.50 will recover to their pre-subsequent 
pregnancy cardiac function despite relapse[54]. Risk of  re-
lapse of  heart failure in a post-PPCM pregnancy increas-
es incrementally in proportion to the systolic dysfunction 
associated with LVEF < 0.55 (Figure 2)[54,55]. It is unclear 
what level of  systolic dysfunction constitutes an absolute 
contraindication to a subsequent pregnancy; however, 
from extensive experience with post-PPCM pregnancies, 
it seems to me that the critical level is anything below 
LVEF 0.40[54].

The published monitoring strategies[53] are designed 

Relapse or worsening of Heart Failure in 57 PPCM patients
with subsequent pregnancy, 2005-2009: Is contractile reserve
evaluation by exercise stress echocardiography helpful?

          Left ventricular ejection fraction (%) 
     before subsequent pregnancy (CR = adequate 
contractile reserve on exercise stress echocardiography)
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Figure 2  Risk for relapse of heart failure in a post-peripartum cardiomy-
opathy pregnancy[53,54]. PPCM: Peripartum cardiomyopathy.
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to help assure early detection of  relapse of  heart failure, 
when effective treatment can bring about stabilization 
and offer excellent potential for another recovery of  
heart function[51-56]. Although we may identify “full re-
covery” for PPCM as those with LVEF ≥ 0.50, some of  
these women still go on to a relapse of  heart failure in a 
post-PPCM pregnancy[53-55] (Figure 2). That must mean 
that they really did not have a complete recovery or that 
they have a continuing reason for the development of  
pregnancy-associated heart failure; and we don’t yet know 
why. It is imperative to attempt to further identify the 
reasons for this, so that outcomes can still be satisfactory. 
Evidence supports the observation that even if  these 
apparently completely recovered post-PPCM pregnancy 
mothers relapse, the treatment of  their relapse of  heart 
failure is very effective[53,54].

The outcome is not nearly so good for post-PPCM 
pregnancy in those who have not reached the thresh-
old of  apparent recovery from the index episode of  
PPCM[53,54]. We also do not know if  prophylactic beta-
blockade will prevent a relapse of  heart failure with a 
post-PPCM pregnancy; or for that matter, if  the BB 
might conceal early diagnosis of  relapse, with delay of  
initiation of  effective full treatment.

Even now, there are at least 3 observations that help 
us to distinguish “full recovery” from “apparent, but 
incomplete recovery”[53,54]. First, an LVEF before sub-
sequent pregnancy of  0.55 is a better indicator than an 
LVEF of  0.50 that the recovery is more likely to be suc-
cessful without relapse of  heart failure in another preg-
nancy (Figure 2). Secondly, a deterioration of  LVEF with 
the gradual withdrawal of  either BB or ACEI treatment is 
a good indicator that solid recovery has not yet occurred. 
Thirdly, inadequate contractile reserve on exercise stress 
echocardiography can be a predictor of  likely relapse of  
heart failure in a post-PPCM pregnancy. With inadequate 
contractile reserve, it is better to defer subsequent preg-
nancy and strive for further improvement[53,54]. It should 
be emphasized that a history of  ventricular tachyarrhyth-
mias warrants the continuation of  BB treatment “for 
life”.

WORLD-WIDE PPCM
Pregnancy associated cardiomyopathy occurs globally, 
but with geographic variations for incidence, morbidity, 
mortality and unique characteristics. Cultural practices 
in Nigeria involving postpartum salt-loading and heated 
mud beds play an important role in the high incidence 
of  heart failure, a variant of  PPCM[57]. High incidence of  
PPCM in Haiti seems to reflect the genetic influence of  
African heritage as well as micronutrient deficiencies, per-
haps zinc, involved in immune system dysfunction[26,58,59]. 
Overlap of  PPCM and high incidence of  HIV-disease 
appear to influence approach to PPCM in South Af-
rica[60]. Larger proportions of  population with African 
heritage result in greater incidence and prevalence of  
PPCM[40,61]. In China, common use of  herbal remedies 

may influence outcome for PPCM patients, but valid re-
search is limited[62,63].

WHAT INITIATES PPCM?
We do not yet know what is the actual “trigger” (there 
may be more than one) that initiates the process result-
ing in PPCM. This is perhaps the most difficult of  all 
the quandaries about PPCM. We simply do not know. 
Some entertained the idea that fetal cells crossing into 
the maternal circulation may have targeted the mother’
s heart (fetal microchimerism)[28]. If  anything, we now 
realize that these fetal cells may actually be helpful rather 
than harmful[64]. Viral infection, as a trigger, has not been 
excluded; but neither has there been strong reinforce-
ment of  the likelihood. In personal files suggesting a 
possible link, I have identified 19 patients in whom the 
time framework of  onset of  new heart failure associ-
ated with pregnancy suggested a viral infection etiology 
(Table 3)[65-70]. The largest of  these studies[66] showed 
similar incidence of  the same viruses in endomyocardial 
biopsy tissue in both PPCM mothers and non-PPCM 
controls, making it unconvincing that virus played a role 
in those PPCM patients. It certainly seems likely that viral 
genomes in myocardial tissue may actually be “innocent 
bystanders” and not causal of  disease, at least for some 
viruses. On the reverse side, it appears that for some car-
diotropic viruses, once sensitization occurs, there may be 
an ongoing inflammatory process with or without viral 
genome persistence in the heart[71].

In any case it seems likely that multiple triggers exist; 
often in the form of  foreign antigens, serving in the role 
of  “molecular mimicry”[72,73], with epitope spreading, able 
to initiate an organ specific autoimmune disease[28,72-74]. It 
is important to continue to put the pieces of  the PPCM 
puzzle together and eventually the exact trigger or triggers 
will fit into the overall scheme of  things. In the meantime, 
outcome results continue to improve, despite our lack of  
knowledge about actual trigger(s) for the process.

PPCM IN THOSE OF AFRICAN HERITAGE
We do not yet know why PPCM has been documented to 
be both more frequent and a more severe disease in those 
of  African heritage[13,17,31,75,76]. In the first North American 
prospective PPCM study, those with African heritage had 
a lower baseline LVEF and this poorer function persisted 
throughout the 12 mo study period[17].

Harper et al[24] identify the birth prevalence in North 
Carolina, United States, of  PPCM for “black, non-His-
panics” as 1 case for every 1087 live births, four times the 
prevalence for “white, non-Hispanics” at 1 case for every 
4266 live births. A California healthcare system reported 
the incidence of  PPCM in blacks to be 1 case for every 
1421 deliveries, 2.9 time higher compared with whites[40]. 
Amos et al[12], also identified a significant racial disparity 
in outcomes for PPCM in North Carolina, reporting that 
in their series of  55 PPCM patients, 51% of  whom were 
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“African American”, only 41% of  African Americans re-
covered compared to 74% of  “Whites”.

Goland et al[75] recently reported a comparison of  
52 African American PPCM patients with 104 white 
PPCM patients, finding that the rate of  left ventricular 
recovery to LVEF ≥ 0.50 was significantly lower in Af-
rican Americans (40% vs 61%; P = 0.02). This negative 
comparative outcome for those of  African heritage has 
been also documented in Georgia[75] and Louisiana[13]. 
Gentry, in Georgia, United States, indicated that African-
American women had a 15.7-fold higher relative risk of  
PPCM compared to non-African Americans (OR = 15.7, 
95%CI: 3.5-70.6)[76]. These outcomes in United States 
African American PPCM patients are more comparable 
to mortality and morbidity reports out of  South Africa[32] 
and Haiti[26].

Significantly lower plasma levels of  the proinflamma-
tory cytokine, Transforming Growth Factor-β have been 
documented in both Haiti and South Africa[32,33]. While it 
is possible that this is due to genetic factors, we cannot 
exclude a non-genetic environmental biopathological pro-
cess. In either case this could result in worse outcomes. 
This factor has not yet been evaluated in African-Ameri-
can PPCM mothers compared to Caucasian or Hispanic 
mothers. While zinc deficiency resulting in immune 
system dysfunction is suggested as a possible nutritional 
factor in Haiti, this possibility awaits additional study; and 
certainly plays no role in nations where severe poverty is 
not an issue[58,77].

It is important to promote further investigations of  
the previously mentioned differences in the postpartum 

rate of  restoration of  NK cells in African heritage com-
pared to Caucasian mothers[31]. This may explain in part 
the lower diagnostic LVEF and the slower recovery rates 
found in these African-American mothers. It is possible 
that NK-T cells promote the expression of  cardioprotec-
tive cytokines, such as Interleukin-10[78]. An extra benefit 
of  BB treatment may also be an increase in the percent-
age of  NK T-cells, possibly partially correcting the dis-
parity observed in African-American mothers[30,79].

ROLE OF AUTOANTIBODIES IN 
PATHOGENESIS OF PPCM
We do not yet know how important a role cardiac au-
toantibodies play in PPCM. Are these autoantibodies, 
common in PPCM patients[28,80], not only biomarkers of  
a cardiomyopathy, but also pathogenic in the process 
(Figure 3)? Some cardiac autoantibodies, such as the 
antibody targeting the β1-adrenergic receptor, appear 
to be damaging to the heart[81]. One of  the most recent 
reports[82] identifies autoantibodies against β1-adrenergic 
receptors and M2-muscarinic receptors to correlate with 
worse cardiac systolic function. The finding of  these 
serum autoantibodies also in 6/36 (16.7%) normal preg-
nant women, however, is troubling; and reinforces the 
need to follow such patients because they may not be ac-
tually “normal”[83]. In our own studies, we found normal 
postpartum women to have none of  the cardiac autoanti-
bodies present in serum[80].

Preliminary studies suggest that removal of  these 
antibodies results in improved cardiac function[84-86]. Per-

  ID PPCM patient         Virus       Type of test Comments

  1 Author case file, Norway Parvovirus B19 IgM/IgG + EMB = neg myocarditis
EMB + PCR

  2 Case report, Italy[65] Coxsackievirus B IgM + blood EMB = lymphocytic myocarditis
PCR + blood

  3 Case report, Germany[66] Parvovirus B19 EMB + PCR EMB = borderline myocarditis
  4 Case report, Germany[66] Parvovirus B19 EMB + PCR EMB = borderline myocarditis
  5 Case report, Germany[66] E-B Virus EMB + PCR EMB = borderline myocarditis
  6 Case report, Germany[66] Human

Herpesvirus 6
EMB + PCR EMB = borderline myocarditis

  7 Case report, Germany[66] Human
Herpesvirus 6

EMB + PCR EMB = borderline myocarditis

  8 Case report, Germany[66] Cytomegalovirus EMB + PCR EMB = borderline myocarditis
  9 Case report, Germany[66] Parvovirus B19 EMB + PCR EMB = inflammatory cardiomyopathy
  10 Author case file, United States Parvovirus B19 IgM/IgG + blood Exposure to PVB19 child during pregnancy
  11 Author case file, United States Parvovirus B19

cytomegalovirus
IgG + blood Hydrops fetus, stillborn

  12 Case report, Japan[67] Influenza A/B Paired sera antibody rise EMB = neg. Treatment with Ⅳ immunoglobulin
  13 Case report, Japan[67] Influenza B Paired sera antibody rise EMB neg. Treatment with Ⅳ immunoglobulin
  14 Author case file, United States Parvovirus B19 IgG + blood Exposure to PVB19 child during pregnancy
  15 Author case file, United States Cytomegalovirus IgM + blood LVEF 15%, IgG + blood E-B virus
  16 Case report, Taiwan[68] PCR neg for 

all 4 tested
EMB/PCR neg, but myocarditis 2 mo pp, RV/LV failure, patient died VF

  17 Author case file, United States H1N1 Influenza Nasal swab, no Rx given LVEF 40% at Dx, day 1 postpartum
  18 Case report, United States[69] Parvovirus B19 EMB + PCR HF 27 wk, g3p2 EMB neg myocarditis
  19 Case report, Belgium[70] E-B virus Postpartum facial palsy full recovery 6 mo

Table 3  Role of viral infection in the etiology of peripartum cardiomyopathy: Pathogenesis or mere presence?

EMB: Endomyocardial biopsy; PCR: Polymerase chain reaction; LV: Left ventricular; LVEF: LV ejection fraction; PPCM: Peripartum cardiomyopathy; 
PVB19: Parvovirus B19; RV: Right ventricular; VF: Ventricular fibrillation; HF: Heart failure.

Fett JD. Peripartum cardiomyopathy



94 March 26, 2014|Volume 6|Issue 3|WJC|www.wjgnet.com

haps the time has arrived for an interventional trial of  
immunoadsorption of  these antibodies found in PPCM, 
particularly for those with low baseline LVEF, a group 
that is least likely to reach full recovery levels? This will 
not be easily accomplished because of  the complicated 
procedure of  apheresis and the precarious condition of  
the patients who could potentially be most helped by this 
process. An alternative that holds some promise of  help 
is the use of  peptides to neutralize putatively harmful 
cardiac autoantibodies, such as anti-β1-adrenoreceptor 
antibodies, a much simpler process[87,88].

ROLE OF PROLACTIN METABOLITES IN 
PATHOGENESIS OF PPCM
We do not yet know for sure that 14/16 kDa-prolactin 
metabolic products are cardiotoxic in humans; nor if  
inhibition of  prolactin treatment produces better out-
comes. As alluded to earlier, a strong foundation has 
been demonstrated for the cardiotoxic effects of  “va-
soinhibins”, the cleavage products of  normal prolactin 
under situations of  oxidative stress[44,45]. However, studies 
to-date testing the effectiveness of  prolactin inhibition 
treatment have given mixed results[16]. Additional study 
with randomly-assigned PPCM patients to bromocriptine 
inhibition of  prolactin cohort vs no bromocriptine inhibi-
tion treatment is underway and should help to clarify this 
potential treatment modality.

ROLE OF SOLUBLE FMS-LIKE TYROSIDE 
KINASE IN PATHOGENESIS OF PPCM
We do not yet know for sure that sFLT1 (also known as 
soluble vascular endothelial growth factor receptor-1) is 
cardiotoxic in humans; nor if  inhibition of  sFLT1 treat-
ment will effectively promote the healing process. Soluble 
FLT1, a recently identified enzyme in the tyrosine kinase 
family, appears to be anti-angiogenic, cardiotoxic and par-
ticularly elevated in both PPCM and preeclampsia[18,21]. If  
confirmed in larger series of  PPCM patients, such as cur-
rently being addressed in the IPAC study, this may lead to 

better treatments with promising anti-sFLT1 agents. With 
respect to preeclampsia, plasma sFLT1 has been found to 
be significantly elevated very early in some pregnancies, 
well before the clinical diagnosis of  preeclampsia could 
be made[89]. Early detection of  plasma sFLT1 may also 
assist in confirming an earlier diagnosis of  both PPCM 
and preeclampsia.

In particular, multiple groups of  investigators are de-
fining the clinical importance of  finding the higher serum 
sFLT1/placental growth factor (PLGF) ratios[19,89]. The 
highest ratios come about because of  those with highest 
levels of  serum sFLT1 (anti-angiogenic) and lowest levels 
of  PLGF (pro-angiogenic) and it appears that this angio-
genic imbalance can ultimately lead to heart failure[88]. In 
this process, placental hypoperfusion and maternal endo-
thelial dysfunction play important roles[90]. This may turn 
out to be a very important development with respect to 
both diagnosis and management; but we are not yet cer-
tain. However, it is important to be alert to the possibility 
of  peripartum heart failure from diastolic dysfunction, 
despite preserved systolic function with normal LVEF 
(would not meet current definition criteria for PPCM).

ROLE OF MICRONUTRIENTS IN 
PATHOGENESIS OF PPCM
Finally, we do not yet know if  micronutrient and trace 
metal deficiencies play a role in the pathogenesis of  
PPCM in some unique situations. Earlier reports of  
endemic adolescent dilated cardiomyopathies due to 
selenium deficiency in China encouraged us to consider 
this possibility[91,92]. In the high-incidence PPCM country 
of  Haiti, we searched diligently for this possibility, but 
could not confirm it[58]. However, further search led us to 
think that zinc deficiency could impact immune system 
functions and contribute to the process[93-95]. Efforts to 
facilitate recovery with nutritional supplements in certain 
situations have provided some support; but remain un-
confirmed and need further investigation[96].

Please see Figure 4 with proposed multifactor hypoth-
eses of  the pathogenesis of  PPCM. Case reports from the 
United States are included to illustrate some of  the com-
mon serious complications that may accompany PPCM. 
These case reports come from the author’s personal case 
file: PPCM Case Reports With Adverse Events: Note 
that all cases had diagnostic LVEF < 0.30.

Case 1 (United States): Onset with fetal distress and 
superior mesenteric artery thromboembolism
A 37 year-old gravida 4, para 2 patient presented in the 
40th wk of  pregnancy with swollen legs, mild dyspnea and 
fetal distress. She underwent emergency Cesarean section 
with rescued male infant. Post-operatively, she developed 
diffusely tender abdomen with absence of  bowel sounds. 
Computed tomography scan of  the abdomen suggested 
small bowel infarction. Chest X-ray revealed cardiomeg-
aly, small right pleural effusion and increased pulmonary 
vascularity. An echocardiogram showed left ventricular 
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Figure 3  Autoantibodies in peripartum cardiomyopathy. Multiple types of 
cardiac antigen antibodies are common in PPCM. This Figure illustrates the 
presence of cardiac myosin heavy chain antibodies in PPCM patients from two 
African nations and Haiti. None were found in control normal postpartum pa-
tients from South Africa[81]. SA: South Africa; Mo: Mozambique; Ha: Haiti; Con: 
Controls; PPCM: Peripartum cardiomyopathy.
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enlargement, end-diastolic diameter of  6 cm and LVEF 
of  0.17. Exploratory abdominal surgery confirmed ne-
crosis of  the small bowel, which was inoperable. She ex-
perienced circulatory collapse, cardiac arrest, and unsuc-
cessful resuscitation.

Case 2 (United States): Onset with ventricular 
tachyarrhythmia, SCD
A 26-year-old gravida 1 patient in her 36th wk of  preg-
nancy collapsed in her garage. She was found by family 
member who started cardiac cardiopulmonary resuscita-
tion and called emergency services. Her cardiac rhythm 
normalized and she was taken to the hospital. Her echo-
cardiogram showed mildly dilated left ventricle, end-
diastolic diameter 5.1 cm, LVEF at diagnosis 0.17. There 
was an absence of  fetal heart tones, with eventual vaginal 
delivery of  stillborn; but the mother’s heart function re-
turned to normal over the next 6 mo.

Case 3 (United States): Onset with cerebrovascular 
thromboembolism
A 26 year-old gravida 2, para 1 patient in her 37th wk of  
pregnancy presented with paralysis of  the right arm and 
leg (hemiplegia). Echocardiogram demonstrated throm-
bus in left ventricle, end-diastolic diameter left ventricle 
5.4 cm, LVEF at diagnosis 0.15. Treatment included 
anticoagulation, hydralazine and metoprolol long-acting. 

With stabilization of  cardiac function, a Cesarean section 
was performed with birth of  a healthy male infant. Heart 
function gradually normalized and one year later her only 
neurological deficit was mild weakness in right leg.

Case 4 (United States): Late diagnosis, chronic severe 
cardiomyopathy
A 20-year-old primipara developed preeclampsia in her 
last month of  pregnancy. With stabilization of  her blood 
pressure, a Cesarean section was carried out with the 
birth of  healthy twins. She experienced postpartum ede-
ma, dyspnea, and abdominal pain. Abdominal ultrasound 
revealed cholelithiasis and laparoscopic cholecystectomy 
was performed. Post-operatively, she experienced more 
edema, dyspnea, and cough. She went to the Emergency 
Room twice, where blood tests showed abnormal liver 
function tests; Chest X-ray showed cardiomegaly, An 
echocardiogram demonstrated LVEF of  0.10. Her hemo-
dynamic instability required a left ventricular assist device. 
Her LVEF persisted in the range of  < 0.20 and she was 
placed on the transplant list.

Case 5 (United States): Subsequent pregnancy before 
recovery with eventual chronic dilated cardiomyopathy
A 31-year-old gravida 2, para 2 patient was diagnosed 
with PPCM two weeks postpartum with echocardio-
graphic LVEF at diagnosis of  0.24. She received treat-

Diagnosis of PPCM: 1 case
per 400 births in Haiti; 
1:1000 South Africa; 
1:2000 United States Blacks;
1:3000 United States Whites
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ment with lisinopril and carvedilol with improvement 
of  her LVEF to 0.46. She phased out all medication and 
3 years later became pregnant. She delivered a healthy 
female child; but subsequently experienced dyspnea on 
exertion and persistent pedal edema 3 d postpartum. An 
echocardiogram revealed reduction of  echocardiographic 
LVEF to 0.34. She received treatment with lisinopril and 
carvedilol with gradual improvement of  LVEF to 0.42, 
where it continued unchanged 3 years later.
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