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ABSTRACT

Peripartum cardiomyopathy is a rare type of cardiomyopathy. Peripartum cardiomyopathy is a potentially
life-threatening pregnancy-associated disease that typically arises in the peripartum period and is
marked with left ventricular dysfunction and heart failure. The cause of peripartum cardiomyopathy re-
mains unclear, but several mechanisms have been proposed which indices a potentially multi-factorial
etiologies. Early case reports identified overlap between familial dilated cardiomyopathy and peripartum
cardiomyopathy, although the degree of overlap is largely unknown. Evidence supporting a contribution
from gene mutations in peripartum cardiomyopathy includes genome-wide association studies, familial
occurrence, variable prevalence among different regions and ethnicities, and more recent investigations
of panels of genes for mutations among women with peripartum cardiomyopathy. Although the true in-
cidence of genetic cardiomyopathy is not yet known among women with peripartum cardiomyopathy,
there is substantial evidence demonstrating that genetic contribution to their condition.
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Introduction

Peripartum cardiomyopathy (PPCM) was first described in
the mid-19th century as a post-partal disease that links acute
heart failure and the puerperium (1). However, it was only in
1937, when Gouley et al. wrote the clinical characteristics and
pathological description of seven pregnant patients, that
PPCM was first considered as clinical with different patho-
physiology. These seven pregnant patients were diagnosed as
having dilated cardiomyopathy (DCM) without ischemic dis-
ease by the end of their pregnancy and remained the same
until their post-delivery. Four of these seven patients died
soon after the diagnosis and the autopsy indicated heart di-
latation with areas of necrosis and fibrosis (2).
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Peripartum cardiomyopathy is the most common car-
diomyopathy in pregnancy. PPCM is defined as idiopathic
cardiomyopathy, associated with pregnancy, with characteris-
tics of secondary heart failure caused by left ventricular (LV)
systolic dysfunction near the end of pregnancy or in the
months after delivery (3). PPCM is a suspected diagnosis
when there are no other causes of heart failure, where left ven-
tricular dilatation may not occur, but the ejection fraction will
always decrease below 45%. There are 4 criteria to explain the
definition of PPCM, i.c.

1. Heart failure happened in the last month of pregnancy or
at five months postpartum

2. Other causes of heart failure could not be identified

3. No history of heart disease is obtained before pregnancy

4. Left ventricular systolic dystunction (LVSD) confirmed
by echocardiography with the criteria for the left ventricular
gjection fraction was <45% or the fractional shortening was
<30% or both of those criteria were met, with or without the
end-diastolic ventricular dimensions were > 2.7 cm/m2 at
body surface area (4).

Another term is early pregnancy cardiomyopathy
(PACM), which is explained as cardiomyopathy that occurs
before the last month of pregnancy. A study that assessed the
clinical characteristics of 23 women who suffered from the
PACM (the earliest diagnosis was reported at week 17th of
pregnancy) compared to 100 women who suffered from
PPCM revealed no clinical difference in both cardiomy-
opathies (PACM and PPCM). Phenotypically, it is difficult to
distinguish PPCM from PACM due to DCM where systolic
function dysfunction and LV dilatation occur (5).
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Peripartum cardiomyopathy is a rare disease but its inci-
dence is reported to increase continually. The PPCM inci-
dence varies considerably in various countries. In Asian coun-
tries the PPCM incidences were reported in the following
countries; in Singapore with a ratio of 0.89:1000, in Japan
with a ratio of 1:1000, in Pakistan with a ratio of 1:837, at
Indian tertiary hospital with a ratio of 1:1374, and in Malaysia
with a ratio 34:100,000 of live births. At present, there is no
national data available on the PPCM incidence in Indonesia.
Epidemiological data indicates the incidence of PPCM is
much higher in Haiti (1:300), Nigeria (1% of live births),
South Africa (1:1000), and Afro-Americans in the United
States (US), 1:1000-4000. Based on these epidemiological
data, it is possible to conclude that African is a risk factor for
PPCM. Although environmental factors can also influence ge-
netics to have an important role because PPCM incidence re-
mains higher for Africans who move to the US. A study by
Gentry et al reported that the incidence of PPCM was 16 times
higher in Afro-Americans compared to non-Africans who liv-
ing in Georgia and Tennessee (6).

Until now, there are many hypotheses regarding the etiol-
ogy of PPCM but none have been able to be used as the main
explanation for all cases of PPCM. PPCM is known to have
pathogenesis which involves many factors. These factors in-
clude; maternal autoimmune responses, inflammation, in-
creased oxidative stress, micronutrient deficiency, imbalance
of cardiac proptosis factors, antiangiogenic factors, viral in-
fections, and genetic factors (7). Because of the PPCM com-
plexity, genetic roles can be the etiology of PPCM ranging
from the spectrum of relatively common variants with smaller
effects to rare variants with large effects. The purpose of this
literature review is to conclude various evidence on the role of
genetics in the pathogenesis of PPCM, as well as the related
pathways involved.

Peripartum cardiomyopathy as a subgroup of familial di-

lated cardiomyopathy

Several cohort studies revealed a positive family history of
DCM in 10% of PPCM patients. In some case reports, it was
found that PPCM can be a familial dilated cardiomyopathy
(FDC). It was reported that women with PPCM have a mother
or sister who 1s diagnosed with PPCM also, some have re-
ported an association between first-degree relative sexes of
women. Women who have the DCM gene can suffer from
PPCM after pregnancy due to hemodynamic stress.

There are two studies looking at patterns of genetic inher-
itance in PPCM. The first study by van Spaendonck-Zwarts et
al. reviewed the genetic component of PPCM and tested the
hypothesis that PPCM is part of the FDC that emerged in the
peripartum period (8). This study employs two methodolo-
gies: 90 families with a history of idiopathic DCM (IDCM)
and 10 PPCM patients. It indicated that FCM was diagnosed
when there were two or more family members who suffered
from DCM, or there was a relative first-degree presence of

DCM patients who died suddenly before 35 years. Based on
the evaluation of 90 families with IDCM, it was found that
five families (6%) had at least one individual with PPCM.
Based on the screening evaluation in the family of ten PPCM
patients, it was found three patients with relative first-degree
who were not diagnosed with DCM. The DNA analysis in five
IDCM families and three PPCM patients did not reveal DCM-
related gene mutations such as LMNA, TNNT2, MYH7. One
of the five IDCM families had extensive DNA testing and
found c.149A> G, p.GIn50Arg mutations in cardiac troponin
C (TNNC1) (8).

The second study was performed by Morales et al., by
using the FDC Research Project cohort database, with its
study subject taken from family subjects with FDC and FDC.
A total of 4110 women from 520 family trees were reviewed
and 45 cases of PPCM / PACM were obtained from two sib-
ling relations, two cousins’ relation, and two nieces-nephews’
relations, while the rest 42 cases having no family relations.
Among them, 23 cases (55%) were the familial case and 12
cases (29%) were sporadic, while seven others did not get any
sufficient data. The 19 subjects met PPCM criteria while eight
others met PACM criteria. Genetic data from sequencing stud-
1es performed in the 19 cases indicated 13 cases were familial
and the rest 6 cases were sporadic. Gene sequencing analysis
found six (32%) cases which consist of five PPCM and one
PACM, carrying non-identical mutations, from different
genes. In four familial cases, the mutations were found in
MYH7, PSEN2, MYBPC3, and SCN5A. In two sporadic
cases, the mutations were found in TNNT2 and MYH6 (5).
These two studies were the beginning of research on PPCM.
The limitations of the two studies are as follow:

1. The limited sample for genetic analysis

2. The absence of genetic screening and extensive clinical
evaluation in families of the patients who have recovered their
LV function

However, the clinical implications of these two studies
were the recommendations for employing pre-symptomatic
screening for IDCM for all first-degree relatives of the pa-
tients who suffered from PPCM and did not recover their LV
size and function. Cardiologic screening during pregnancy
until the puerperium period can be considered to be performed
for healthy women who are IDCM patients” first-degree rela-
tives (4).

Peripartum cardiomyopathy related to titin mutation

In recent years, TTN has received much attention for its
role in DCM and several skeletal muscle diseases, such as limb
griddle muscular dystrophy type 21 (LGMD2I), tibialis mus-
cular dystrophy (TMD), and hereditary myopathy with early
respiratory disorders (9). TTN encodes a human's largest pro-
tein, titin, which is the third-largest protein in striated muscle.

Titin has an important role in the sarcomere’s organization




and assembly, as the structural elements ranging from Z-disks
to M-lines (Figure 1) (10). Because TTN is an important fac-
tor for the structure, development, mechanical function, and
heart and skeletal muscle regulation, it is important to under-
stand TTN as a genetic cause for various diseases as men-
tioned above. Its large size (363 exons) correlates with the
high likelihood of mutation in this gene.

Haone

Figure I: A Sarcomere Structure (11)

An early TTN study on 312 non-ischemic DCM indicated
a mutation cut in the TTN at 67/312 (21%) especially at the A-
band. At 7/249 (3%) control reported without cardiomy opathy
and 3/231 (1%) people reported to have hypertrophic car-
diomyopathy (HCM) from cutting in this gene. Three people
with HCM and TTN mutations also had an MYH7 or
MYBPC3 mutation. In contrast to DCM, the majority of TTN
cuts (without cardiomyopathy or with HCM) occur in the N-
terminal section (12).

Genetic studies were then conducted to determine the rela-
tionship between PPCM and FDC. A study in the Netherlands
analyzed 48 genes in 18 families with PPCM and DCM. They
identified four pathogenic cuts in 4 of 18 families (22%), three
in TTN and one in BAG3, as well as six other variants of un-
known significance (VUS) that might be pathogenic (33%).
Four of the VUSs were cuts on TTN located in the A-band,
thus a high prevalence of TTN cuts in PPCM 7/18 (39%) was
obtaimed (13).

Another study was conducted by analyzing 43 genes in 172
women with PPCM. The genetic evaluation employed DNA
sequencing, which focused more on mutations due to the vari-
ant cuts rather than from the missense alleles. In this study, the
cutting mutations at eight genes were identified from the
26/172 (15%). The prevalence of TTN cuts was then compared
to the ones in DCM patients and the control population. The re-
sults were consistent with previous studies, where the mutation
of TTN cuts in PPCM was 10% (17/172), which was higher
than the control group. The heterozygous cuts in two genes on
the X chromosome (DMD and LAMP2), as well as cuts in
DSP, MYH6, SYNM, TPM1, and VCL were identified also.
Among these genes, MYH6 and SYNM have a mutation cut of
more than 0.5% (14). Although the prevalence of cutting mu-
tations in genes could indicate the possibility of overestimating
the analysis of genetic DCM events among women with
PPCM, it is important to recognize that many of the analyzed
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genes usually had pathogenic missense mutations in addition to
the cutting mutations that caused DCM.

Peripartum cardiomyopathy in women with Carrier

X- linked Cardiomyopathy

The 2001 case report reported that a 25-year-old young
woman, who suffered from PPCM in the 36th week of preg-
nancy until after delivery, needed a left ventricular device
(LVAD) due to severe LV systolic dysfunction and eventually
underwent a cardiac transplant (15). She was identified to
have a medical history of Duchenne Muscular Dystrophy
(DMD) based on her medical record. During the LVAD inser-
tion, a widening of the entire cardiac chamber was consistent
with acute exacerbation of chronic cardiomyopathy. However,
it was not clear whether this patient had undiagnosed car-
diomyopathy due to her carrier condition for DMD or whether
she had PPCM which was not related to her carrier status, but
the patient met the diagnostic criteria for PPCM because she
had no symptoms of heart failure before the last month of her

pregnancy.

A 1996 cohort study observed the development of car-
diomyopathy in women with DMD and Becker Muscular
Dystrophies (BMD). The results showed that there was pre-
clinical or clinical myocardial involvement in 84.3% of the
total cohort (166/197 cases), without significant differences in
percentages and phenotypes between DMD and BMD carriers
(16). A case report reported a 40-year-old woman diagnosed
and treated for PPCM was found to be a carrier of the DMD
gene mutation afier her son was diagnosed with DMD at the
age of 4 years (17).

Ware et al., performed a study on two individuals who had
mutational mutations in DMD and LAMP2, and 1t identified a
relationship between these gene mutations and PPCM due to
the imbalance of X chromosome inactivation (14). Two other
case reports identified individuals with PPCM who had a DMD
or LAMP2 mutation, hereinafter referred to as Danon disease.
The women as Danon disease carriers were reported having
cardiomyopathy and heart failure with an average age of heart
transplantation at 32.3 £ 14.5 years and a mortality rate of 40.2
+12.6 years (18). The incidence of PPCM among women with
heterozygous LAMP2 mutations was unknown, it was due to
the small incidence of Danon disease. However, the presence
of LAMP2 mutations had a relationship with the progression of
the development of heart disease in pregnant women.

Other theories on the pathophysiology of Peripartum

cardiomyopathy

One of the current PPCM pathogenesis theories is the
"two-hit hypothesis" which believes the vascular effect on car-
diomyopathy is caused by anti-vascular or hormonal effects in
the late pregnancy or early postpartum period. Other studies
had identified the severity of PPCM characterized by cardiac
angiogenic imbalance.
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Signal Transducer and Activator of Transcription-3
(STAT3) is a transcriptional factor that is widely studied.
STAT3 is an acute phase response factor that has a vital role
in regulating many genes involved in cell survival, hyper-
trophic growth modulation, angiogenesis, development and
regeneration, energetics and metabolic reserves, antioxidant
pathways, the composition of the extracellular matrix, and in-
flammatory processes (21).

One of STAT3's cardioprotective functions is to reduce
oxidative stress by increasing the enzyme Reactive Oxygen
Species (ROS), Manganese Superoxide Dismutase (MnSOD).
Studies on mice that did not have the STAT3 gene in their car-
diomyocytes indicated that the mice might suffer from car-
diomyopathy (21). The loss of STAT3 suppresses the expres-
sion of manganese superoxide dismutase (MnSOD), the sub-
stance that protects against ROS. The loss of MnSOD expres-
sion causes an increase in the cathepsin D peptidase enzyme,
an enzyme that breaks down prolactin, anti-angiogenic, and
proapoptotic fragment 16-kDa, called vasoinhibin, which can
cause myocardial damage and ventricular dysfunction through
cellular apoptosis and capillary dropping (21,22).
Bromocriptine, a dopamine receptor antagonist, shows poten-
tial therapeutic results in increasing LV function in the PPCM
population (Figure 2).
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Figure 2: The etiological factors and pathogenesis of

Proliferator activated gamma coactivator-lalpha (PGC-
lalpha), a transcription coactivator that is very important in
mitochondrial biogenesis and expression and secretion of
proangiogenic factors such as vascular endothelial growth fac-
tor (VEGF). Just like STAT3, PGC-lalpha increases the ROS
enzyme. Towards the end of pregnancy, the placenta systemi-
cally secretes soluble FMS-like tyrosine kinase receptorl
(sFLT-1). High sFLT-1 levels can cause cardiomyopathy (23).

Conclusion

Several studies support the substantial role of genetics for
PPCM. From a variety of case reports to larger multicenter in-

vestigations, they indicated that at least 10-15% of women
with PPCM had gene mutations. Research on murine identi-
fied a relationship between the role of genes with metabolism
and free radical stress. Future studies are expected to be able
to look for the prevalence of pathogenic mutations that con-
tribute to PPCM and also can help to provide prognostic in-
formation for women suffered from PPCM
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