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Bl ABSTRACT

Peripartum cardiomyopathy is a life-threatening condi-
tion of unknown cause that occurs in previously healthy
women during the peripartum period. It is characterized
by left ventricular dysfunction and symptoms of heart
failure that can arise in the last trimester of pregnancy
or up to 5 months after delivery. We review its possible
causes and how to recognize and manage it.

B KEY POINTS

Heightened suspicion is important when a pregnant
woman presents with signs of heart failure, because
early diagnosis allows proven treatment to be started.

Standard heart failure therapy should be started in post-
partum patients with this disease, using available local
protocols.

Pregnant women should not receive angiotensin-con-
verting enzyme inhibitors, angiotensin receptor blockers,
or warfarin because of potential teratogenic effects.

An initial left ventricular end-systolic dimension less than
5.5 cm, a left ventricular ejection fraction greater than
30%, and a low cardiac troponin level may predict

a better outcome.

Subsequent pregnancies carry a high risk of relapse,
even in women who have fully recovered left
ventricular function.
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EART FAILURE DURING PREGNANCY was
H recognized as early as 1849, but it was first
described as a distinctive form of cardiomyop-
athy only in the 1930s.! In 1971, Demakis et
al? described 27 patients who presented during
the puerperium with cardiomegaly, abnormal
electrocardiographic findings, and congestive
heart failure, and named the syndrome peripar-
tum cardiomyopathy.

The European Society of Cardiology’® re-
cently defined peripartum cardiomyopathy as
a form of dilated cardiomyopathy that presents
with signs of heart failure in the last month of
pregnancy or within 5 months of delivery.

Peripartum cardiomyopathy is relatively
rare but can be life-threatening. The National
Hospital Discharge Survey (1990-2002) esti-
mated that it occurs in 1 in every 2,289 live
births in the United States.* The disease ap-
pears to be more common in African American
women.! The rate varies in other populations:
it is highest in Haiti, with 1 case in 300 live
births, which is nearly 10 times higher than
in the United States.” The reason for such a
variation remains unclear.

Although early reports suggested the death
rate was nearly 50%, more recent reports show
it to be 0 to 5% in the United States, and the
higher numbers in the earlier reports likely
represented publication bias.>%

I WHAT CAUSES IT?

Peripartum cardiomyopathy is generally con-
sidered a form of idiopathic primary myocar-
dial disease associated with the pregnant state.
Although several plausible etiologic mecha-
nisms have been suggested, none of them is
definite. Some are discussed below.
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Myocarditis

Myocarditis has been found on endomyocardi-
al biopsy of the right ventricle in patients with
peripartum cardiomyopathy,'®!! with a dense
lymphocytic infiltrate and variable amounts
of myocyte edema, necrosis, and fibrosis. The
prevalence of myocarditis in patients with
peripartum cardiomyopathy ranged from 8.8%
to 78% in different studies.'>"> On the other
hand, the presence or absence of myocarditis
alone does not predict the outcome of peripar-
tum cardiomyopathy.’

Cardiotropic viral infections

After a viral infection, a pathologic immune
response might occur that is inappropriately
directed against native cardiac tissue proteins,
leading to ventricular dysfunction.

Bultmann et al** found parvovirus B19,
human herpes virus 6, Epstein-Barr virus, or
cytomegalovirus DNA in endomyocardial bi-
opsy specimens from 8 (31%) of 26 patients
with peripartum cardiomyopathy that was as-
sociated immunohistologically with intersti-
tial inflammation.

Kiihl et al® found, in patients with viral
infection confirmed by endomyocardial bi-
opsy, that the median left ventricular ejection
fraction improved in those in whom the vi-
rus was cleared (from 50.2% before to 58.1%
afterward, P < .001), whereas it decreased in
those in whom the virus persisted (from 54.3%
before to 51.4% afterward, P < .01).

Lyden and Huber!® found that mice de-
veloped worse myocarditis if they were ex-
perimentally infected with coxsackievirus and
echovirus during pregnancy than if they were
infected while not pregnant.

Chimerism
In a phenomenon called chimerism, cells from
the fetus take up residence in the mother (or
vice versa), sometimes provoking an immune
response.! "8

As reviewed by Ansari et al,”’ the serum
from patients with peripartum cardiomyopa-
thy has been found to contain autoantibodies
in high titers, which are not present in serum
from patients with idiopathic cardiomyopa-
thy. Most of these antibodies are against nor-
mal human cardiac tissue proteins of 37, 33,
and 25 kD. The peripheral blood in these pa-
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tients has a high level of fetal microchimerism
in mononuclear cells, an abnormal cytokine
profile, and low levels of CD4+ CD25lo regu-
latory T cells.

Warraich et al,”° in a study from South Af-
rica, Mozambique, and Haiti, found that the
frequencies and reactivities of immunoglobu-
lins were similar in distribution in patients
with peripartum cardiomyopathy, irrespective
of the geographic location.

Apoptosis and inflammation

Apoptosis (programmed cell death) of cardiac
myocytes occurs in heart failure and may
contribute to progressive myocardial dysfunc-
tion.”! Experiments in mice suggest that apop-
tosis of cardiac myocytes has a role in peripar-
tum cardiomyopathy.?

Fas and Fas ligand are cell surface pro-
teins that play a key role in apoptosis. Sliwa
et al,” in a single-center, prospective, longi-
tudinal study from South Africa, followed 100
patients with peripartum cardiomyopathy for
6 months. During this time 15 patients died,
and those who died had significantly higher
plasma levels of Fas/Apo-1 (P < .05). In the
same study, plasma levels of C-reactive pro-
tein and tumor necrosis factor alpha (markers
of inflammation) were elevated and correlated
with higher left ventricular dimensions and
lower left ventricular ejection fractions at pre-
sentation.

In the Studies of Left Ventricular
Dysfunction,? circulating levels of tumor ne-
crosis factor alpha and interleukin 6 increased
in patients as their functional heart failure
classification deteriorated.

An abnormal hemodynamic response
During pregnancy, blood volume and cardiac
output increase. In addition, afterload decreas-
es because of relaxation of vascular smooth
muscle. The increases in volume and cardiac
output during pregnancy cause transient and
reversible hypertrophy of the left ventricle to
meet the needs of the mother and fetus. Car-
diac output reaches its maximum at around 20
weeks of pregnancy.”’

The transient left ventricular systolic dys-
function during the third trimester and early
postpartum period returns to baseline once
the cardiac output decreases.’*’
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Other possible factors

Other possible etiologic factors include
prolactin,’®? relaxin,® immune complexes,’
cardiac nitric oxide synthase,’” immature den-
dritic cells,” cardiac dystrophin,* and toll-like
receptors.”

B WHO IS AT RISK?

Demakis and colleagues’ suggest the following
risk factors for peripartum cardiomyopathy:

* Multiparity

e Advanced maternal age (although the
disease can occur at any age, the inci-
dence is higher in women over age 30%¢)
Multifetal pregnancy

Preeclampsia

Gestational hypertension

African American race.

I CLINICAL FEATURES

Peripartum cardiomyopathy involves left ven-

tricular systolic dysfunction in women with no

history of heart disease. It can be diagnosed
only if other causes of cardiomyopathy are ab-
sent.’

Diagnostic criteria for peripartum cardio-
myopathy (all must be present) are®’:

e Cardiac failure developing in the last
month of pregnancy or within 5 months of
delivery
No identifiable cause of the cardiac failure
No recognizable heart disease before the
last month of pregnancy

® An ejection fraction of less than 45%, or
the combination of an M-mode fractional
shortening of less than 30% and an end-di-
astolic dimension greater than 2.7 cm/m?.
Symptoms of heart failure such as dyspnea,

dizziness, pedal edema, and orthopnea can oc-

cur even in normal pregnancies. Therefore, a

pregnant woman in whom peripartum cardio-

myopathy is developing may consider her symp-
toms to be normal. The dyspnea during normal
pregnancy is thought to be due to hyperven-
tilation caused by the effects of progesterone,
and also due to pressure on the diaphragm from
the growing uterus.’® Peripheral edema occurs
in approximately two-thirds of healthy preg-
nant women.” Nevertheless, if swelling and
other heart failure symptoms develop suddenly
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in an otherwise normal pregnancy, this should
prompt further investigation.*

Pulmonary edema was a presenting symp-
tom in all 106 patients in a 2007 study in Chi-
na.*! The clinical presentation was similar to
that of congestive heart failure but was highly
variable; 17% of cases were diagnosed antepat-
tum and 83% postpartum. The mean age at di-
agnosis was 28 * 6 years. Left ventricular func-
tion almost completely normalized in 51% of
surviving patients. These findings were similar
to those in earlier studies.?*® Interestingly, the
left ventricular ejection fraction normalized
only in 23% of an African cohort.?”?

Thromboembolism can be a presentation
of peripartum cardiomyopathy. Hemoptysis
and pleuritic chest pain may be presenting
symptoms of pulmonary embolism.*

Cardiac arrhythmias and sudden cardiac
arrest have also been reported.”

A latent form of peripartum cardiomyop-
athy without significant clinical signs and
symptoms has been reported.®

Preeclampsia should be excluded on the
basis of history and physical examination, as
its management is different. Preeclampsia oc-
curs after 20 weeks of gestation and is char-
acterized by high blood pressure, protein in
the urine, swelling, sudden weight gain, head-
aches, and changes in vision.

Delayed diagnosis may be associated with
higher rates of illness and death; therefore,
physicians should consider peripartum cardio-
myopathy in any peripartum patient with un-
explained symptoms. Although the symptoms
of heart failure can be difficult to differenti-
ate from those of late pregnancy, a heightened
suspicion can help.*

The aims during the diagnosis are to ex-
clude other causes of cardiomyopathy and to
confirm left ventricular systolic dysfunction by
echocardiography. Whether endomyocardial
biopsy should be done in this setting is still
controversial, and recent guidelines do not
recommend it.*>4

Role of cardiac MRI

Magnetic resonance imaging (MRI) may be
used as a complementary tool to diagnose
peripartum cardiomyopathy, and it may prove
to be important in identifying the mechanisms
involved. It can measure global and segmental
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myocardial contraction, and it can character-
ize the myocardium.*

Furthermore, delayed contrast enhance-
ment (with gadolinium) can help differentiate
the type of myocyte necrosis, ie, myocarditis
vs ischemia. Myocarditis has a nonvascular
distribution in the subepicardium with a nod-
ular or band-like pattern, whereas ischemia
has a vascular distribution in a subendocardial
or transmural location.

Kawano et al* described a patient with
peripartum cardiomyopathy whose myocardi-
al damage was demonstrated by delayed con-
trast enhancement of the left ventricle. This
measure improved after she was treated with a
beta-blocker, an angiotensin receptor blocker
(ARB), and spironolactone (Aldactone), and
her cardiac function recovered.

Leurent et al’® advocate using cardiac MRI
to guide biopsy to the abnormal area, which
may be much more useful than blind biopsy.

Questions remaining about MRI include
the pathologic and prognostic implications of
late gadolinium enhancement.

B MANAGEMENT
OF POSTPARTUM CARDIOMYOPATHY

Heart failure treatment during pregnancy
When considering tests or treatments in
pregnancy, the welfare of the fetus is always
considered along with that of the mother. Co-
ordinated management with specialists (an ob-
stetrician and maternal-fetal medicine team)
is essential, with fetal heart monitoring.
Angiotensin-converting enzyme (ACE)
inhibitors and ARBs are contraindicated
in pregnancy because they can cause birth
defects, although they are the main treat-
ments for postpartum women with heart
failure. The teratogenic effects occur particu-
larly in the second and third trimester, with
fetopathy characterized by fetal hypotension,
oligohydramnios-anuria, and renal tubular
dysplasia.”*?> However, a recent study sug-
gested a risk of malformations even after first-
trimester exposure to ACE inhibitors.”
Digoxin, beta-blockers, loop diuretics,
and drugs that reduce afterload such as
hydralazine and nitrates have been proven
to be safe and are the mainstays of medical
therapy of heart failure during pregnancy.*
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Beta-blockers have strong evidence of effi-
cacy in patients with heart failure, but they
have not been tested in peripartum cardio-
myopathy. Nevertheless, beta-blockers have
long been used in pregnant women with hy-
pertension without any known adverse ef-
fects on the fetus, and patients taking these
agents prior to diagnosis can continue to use
them safely.*>*

Heart failure treatment postpartum

After delivery, the treatment is identical to
that for nonpregnant women with dilated car-
diomyopathy.

ACE inhibitors and ARBs. The target
dose is one-half the maximum antihyperten-
sive dose.

Diuretics are given for symptom relief.

Spironolactone or digoxin is used in pa-
tients who have New York Heart Associa-
tion class Il or IV symptoms. The goal with
spironolactone is 25 mg/day after dosing
of other drugs is maximized. The goal with
digoxin is the lowest daily dose to obtain a de-
tectable serum digoxin level, which should be
kept at less than 1.0 ng/mL. In the Digitalis
Investigation Group trial,” serum digoxin
levels of 0.5 to 0.8 ng/mL (0.6-1.0 nmol/L)
were most beneficial, and levels of 1.1 to 1.5
ng/mL (1.4-1.9 nmol/L) were associated with
an increase in deaths related to heart failure.

Beta-blockers are recommended for peri-
partum cardiomyopathy,* as they improve
symptoms, ejection fraction, and survival.
Nonselective beta-blockers such as carvedilol
(Coreg) and selective ones such as metoprolol
succinate (Toprol XL) have shown benefit.
The goal dosage is carvedilol 25 mg twice a
day (50 mg twice a day for larger patients) or
metoprolol succinate 100 mg once a day.

Anticoagulation treatment

During pregnancy, the risk of thromboembolic
complications increases due to higher concen-
trations of coagulation factors II, VII, VIII, and
X, and of plasma fibrinogen. The risk may per-
sist up to 6 weeks postpartum.! Cases of arterial,
venous, and cardiac thrombosis have been re-
ported in women with peripartum cardiomyo-
pathy, and the risk may be related to the degree
of chamber enlargement and systolic dysfunc-
tion and the presence of atrial fibrillation.>®>
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Patients with evidence of systemic embo-
lism, with severe left ventricular dysfunction
or documented cardiac thrombosis, should
receive anticoagulation.”*® Anticoagulation
should be continued until a return of normal
left ventricular function is documented.

We await the results of the Warfarin Versus
Aspirin in Reduced Cardiac Ejection Fraction
trial, which should determine which drug will
best prevent death or stroke in patients with
ejection fractions of less than 35%.

Warfarin can cause spontaneous fetal ce-
rebral hemorrhage in the second and third
trimesters and therefore is generally contrain-
dicated during pregnancy.’*® However, guide-
lines from the American College of Cardiol-
ogy and the American Heart Association on
the management of patients with heart valve
disease say that “warfarin is probably safe dur-
ing the first 6 weeks of gestation, but there is
a risk of embryopathy if the warfarin is taken
between 6 and 12 weeks of gestation.”! The
guidelines also say warfarin is “relatively safe”
during the second and third trimesters but
must be stopped and switched to a heparin
several weeks before delivery. Unfractionated
heparin or low-molecular-weight heparin can
be used during pregnancy. However, should
warfarin be needed for any reason, we believe
a cesarian section should be performed to re-
duce the risk to the infant.

Cardiac transplantation
Patients with severe heart failure despite max-
imal drug therapy need cardiac transplanta-
tion to survive and to improve their quality
of life. However, fewer than 3,000 hearts are
available for transplantation worldwide per
year. Therefore, ventricular assist devices are
indicated as a bridge to transplantation.®
Patients with symptomatic ventricular ar-
rhythmias should be considered for defibrilla-

tor implantation.®®

New treatments

Pentoxifylline improved outcomes, left
ventricular function, and symptoms when
added to conventional therapy in a small pro-
spective study.®

Intravenous immunoglobulin improved
the ejection fraction in several studies®* and
also markedly reduced the levels of inflamma-
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tory cytokines, namely thioredoxin.®’

Immunosuppressive therapy does not yet
have a fully proven role, but it could be con-
sidered in patients with proven myocarditis.
Given the various etiologic mechanisms of
peripartum cardiomyopathy, it is unlikely that
immunosuppression will help all patients. Fur-
thermore, without a large randomized trial,
treatment successes may merely reflect the
natural course of the disease.

Investigators have emphasized the need
to rule out viral infection before starting im-
munosuppressive treatment, as the treatment
may activate a latent virus, with subsequent
deterioration in myocardial function.?$%8

Bromocriptine (Parlodel). Peripartum car-
diomyopathy develops in mice bred to have a
cardiomyocyte-specific deletion of stat3, lead-
ing to enhanced expression and activity of
cardiac cathepsin D and promoting the forma-
tion of a 16-kD proaptotic form of prolactin.?”
Therefore, drugs that inhibit prolactin secre-
tion may represent a novel therapy for peripar-
tum cardiomyopathy. Based on this concept,
two patients with peripartum cardiomyopathy
were treated with bromocriptine, an inhibitor
of prolactin secretion, and they showed a good
recovery.” We require large prospective ran-
domized controlled studies to prove the ben-
eficial effect of blocking prolactin in patients
with peripartum cardiomyopathy.

Other proposed therapies are calcium
channel antagonists,” statins,”! monoclonal
antibodies,” interferon beta,” immuno-
adsorption,”™ therapeutic apheresis,” and car-
diomyoplasty.™

How long to treat?

Patients with peripartum cardiomyopathy who
recover normal left ventricular function at
rest or with low-dose dobutamine (Dobutrex)
can be allowed to taper and then discontinue
heart failure treatment in 6 to 12 months.*

I NATURAL COURSE

In a study of patients with various types of car-
diomyopathy, those with peripartum cardio-
myopathy had a substantially better prognosis,
with a 94% survival rate at 5 years.”
Although various reports have shown
that the clinical course of peripartum cardio-
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myopathy is usually related to the return of
heart size to normal within 6 months, it is
possible that left ventricular function may
continue to recover beyond 6 months, and
further studies are needed to determine the
reasons for this.’*

Elkayam et al’*® reported that, of 100 pa-
tients with peripartum cardiomyopathy in the
United States, at the end of 2 years, 9 had died
and 4 had received a heart transplant. How-
ever, 54 had recovered normal left ventricu-
lar function, and recovery was more likely in
those with an ejection fraction greater than
30% at diagnosis. The incidence of gestational
hypertension was 43%, and the rate of twin
pregnancy was 13%. The rate of cesarean de-
livery was 40%, compared with the national
rate of 30.2%.

In contrast, in 98 patients in Haiti, the
death rate was 15.3% during a mean follow-
up of 2.2 years, and only about 28% had re-
gained normal left ventricular function at 6
months.’

I PROGNOSTIC FACTORS

Troponin T. Hu et al*! reported that the
serum cardiac troponin T concentration mea-
sured 2 weeks after the onset of peripartum
cardiomyopathy correlated inversely with the
left ventricular ejection fraction at 6 months.
However, the sensitivity was low: a troponin T
concentration of more than 0.04 ng/mL predict-
ed persistent left ventricular dysfunction with
a sensitivity of only 55%. The specificity was
91%.

QRS duration of 120 ms or more has been
identified as a predictor of death. Prolonged
QRS duration has been shown to be an inde-
pendent risk factor for death and sudden death
in a large series of patients with ischemic and
nonischemic cardiac failure.”

Heart dimensions and ejection fraction
had prognostic value in several studies.

Factors predicting normalization of left
ventricular function were an initial left ven-
tricular end-systolic dimension of 5.5 cm or
less™ and a left ventricular ejection fraction
greater than 27% or 30%.

In a retrospective study,” a fractional
shortening of 20% or more and a left ventricu-
lar end-diastolic dimension of 6 cm or more at
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the time of diagnosis increased the risk of per-
sistent left ventricular dysfunction threefold.
Other factors at initial assessment associated
with lack of recovery were a left ventricular
end-diastolic dimension greater than 5.6 cm,
left ventricular thrombus, and African Ameri-
can race.®

M RISK OF RELAPSE

Even after full recovery of left ventricular
function, subsequent pregnancies carry a risk
of relapse of peripartum cardiomyopathy.
A study in Haiti followed 99 patients, 15 of
whom became pregnant again. Eight of the
women who became pregnant again experi-
enced worsening heart failure and long-term
systolic dysfunction.®

Of six South African women who had
New York Heart Association class I symptoms
who became pregnant again, two died within
8 weeks of delivery, and the other four contin-
ued to have heart failure symptoms.®!

In the United States, Elkayam et al® iden-
tified 44 women with peripartum cardiomyop-
athy who became pregnant again. Of these, 28
had recovered systolic function, with ejection
fractions of 50% or higher before becoming
pregnant again, and 16 had not. The ejection
fraction fell in both groups during the subse-
quent pregnancy, but in the first group it fell
by more than 20% in only 6 (21%), and none
died. In contrast, in the second group it fell by
more than 20% in 5 (31%), and 3 (19%) died.

Patients who recover normal left ven-
tricular function and have normal left ven-
tricular contractile reserve after dobutamine
challenge may undertake another pregnancy
safely, but they should be warned of the risk of
recurrence even with fully recovered left ven-
tricular function. 6

Dorbala et al® performed dobutamine
stress echocardiography to measure maximal
inotropic contractile reserve in six women
presenting with peripartum cardiomyopathy,
and it correlated accurately with subsequent
recovery of left ventricular function.

Based on these data, our recommendations
for further pregnancies are the following:

e [f left ventricular function has recovered
fully, subsequent pregnancy is not con-
traindicated, but the patient should be
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told that, although the risk is low, it is

not absent.

If left ventricular function has recov-
ered partially, perform dobutamine stress
echocardiography. If the left ventricular J
inotropic response to dobutamine is nor-

mal, then patients can be counseled as

REFERENCES

. Lampert MB, Lang RM. Peripartum cardiomyopathy. Am Heart J 1995;

130:860-870.

. Demakis JG, Rahimtoola SH, Sutton GC, et al. Natural course of peripar-

tum cardiomyopathy. Circulation 1971; 44:1053-1061.

. Elliott P, Andersson B, Arbustini E, et al. Classification of the cardiomyo-

pathies: a position statement from the European Society Of Cardiology
Working Group on Myocardial and Pericardial Diseases. Eur Heart J 2008;
29:270-276.

. Mielniczuk LM, Williams K, Davis DR, et al. Frequency of peripartum

cardiomyopathy. Am J Cardiol 2006; 97:1765-1768.

. Fett JD, Christie LG, Carraway RD, Murphy JG. Five-year prospective study

of the incidence and prognosis of peripartum cardiomyopathy at a single
institution. Mayo Clin Proc 2005; 80:1602-1606.

. Amos AM, Jaber WA, Russell SD. Improved outcomes in peripartum

cardiomyopathy with contemporary. Am Heart J 2006; 152:509-513.

. Felker GM, Thompson RE, Hare JM, et al. Underlying causes and long-term

survival in patients with initially unexplained cardiomyopathy. N Engl J
Med 2000; 342:1077-1084.

. Fett JD, Christie LG, Carraway RD, Ansari AA, Sundstrom JB, Murphy

JG. Unrecognized peripartum cardiomyopathy in Haitian women. Int J
Gynaecol Obstet 2005; 90:161-166.

. Pulerwitz TC, Cappola TP, Felker GM, Hare JM, Baughman KL, Kasper

EK. Mortality in primary and secondary myocarditis. Am Heart J 2004;
147:746-750.

Melvin KR, Richardson PJ, Olsen EG, Daly K, Jackson G. Peripartum cardio-
myopathy due to myocarditis. N Engl J Med 1982; 307:731-734.

. Sanderson JE, Olsen EG, Gatei D. Peripartum heart disease: an endomyo-

cardial biopsy study. Br Heart J 1986; 56:285-291.

Midei MG, DeMent SH, Feldman AM, Hutchins GM, Baughman KL. Peri-
partum myocarditis and cardiomyopathy. Circulation 1990; 81:922-928.
Rizeq MN, Rickenbacher PR, Fowler MB, Billingham ME. Incidence of
myocarditis in peripartum cardiomyopathy. Am J Cardiol 1994; 74:474-477.
Bultmann BD, Klingel K, Nabauer M, Wallwiener D, Kandolf R. High preva-
lence of viral genomes and inflammation in peripartum cardiomyopathy.
Am J Obstet Gynecol 2005; 193:363-365.

Kiihl U, Pauschinger M, Seeberg B, et al. Viral persistence in the myocar-
dium is associated with progressive cardiac dysfunction. Circulation 2005;
112:1965-1970.

Lyden DC, Huber SA. Aggravation of coxsackievirus, group B, type
3-induced myocarditis and increase in cellular immunity to myocyte anti-
gens in pregnant Balb/c mice and animals treated with progesterone. Cell
Immunol 1984; 87:462-472.

Artlett CM, Smith JB, Jimenez SA. Identification of fetal DNA and cells

in skin lesions from women with systemic sclerosis. N Engl J Med 1998;
338:1186-1191.

Nelson JL. Microchimerism: expanding new horizon in human health or
incidental remnant of pregnancy? Lancet 2001; 358:2011-2012.

Ansari AA, Fett JD, Carraway RE, Mayne AE, Onlamoon N, Sundstrom JB.
Autoimmune mechanisms as the basis for human peripartum cardiomyo-
pathy. Clin Rev Allergy Immunol 2002; 23:301-324.

Warraich RS, Sliwa K, Damasceno A, et al. Impact of pregnancy-related
heart failure on humoral immunity: clinical relevance of G3-subclass immu-
noglobulins in peripartum cardiomyopathy. Am Heart J 2005; 150:263-269.
Narula J, Haider N, Virmani R, et al. Apoptosis in myocytes in end-stage
heart failure. N Engl J Med 1996; 335:1182-1189.

Hayakawa Y, Chandra M, Miao W, et al. Inhibition of cardiac myocyte

CLEVELAND CLINIC JOURNAL OF MEDICINE

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

above; if the left ventricular inotropic re-
sponse to dobutamine is abnormal, then
the risk is moderate and pregnancy is not
recommended.

If left ventricular function has not recov-
ered at all, the risk is high, and subsequent
pregnancy is not recommended. [ |

apoptosis improves cardiac function and abolishes mortality in the peri-
partum cardiomyopathy of Galpha(q) transgenic mice. Circulation 2003;
108:3036-3041.

Sliwa K, Forster O, Libhaber E, et al. Peripartum cardiomyopathy: inflam-
matory markers as predictors of outcome in 100 prospectively studied
patients. Eur Heart J 2006; 27:441-446.

Torre-Amione G, Kapadia S, Benedict C, Oral H, Young JB, Mann DL.
Proinflammatory cytokine levels in patients with depressed left ventricular
ejection fraction: a report from the Studies of Left Ventricular Dysfunction
(SOLVD). J Am Coll Cardiol 1996; 27:1201-1206.

Mabie WC, DiSessa TG, Crocker LG, Sibai BM, Arheart KL. A longitudinal
study of cardiac output in normal human pregnancy. Am J Obstet Gynecol
1994; 170:849-856.

Julian DG, Szekely P. Peripartum cardiomyopathy. Prog Cardiovasc Dis
1985; 27:223-240.

Mone SM, Sanders SP, Colan SD. Control mechanisms for physiological
hypertrophy of pregnancy. Circulation 1996; 94:667-672.

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

Hilfiker-Kleiner D, Kaminski K, Podewski E, et al. A cathepsin D-cleaved 16
kDa form of prolactin mediates postpartum cardiomyopathy. Cell 2007;
128:589-600.

Coulson CC, Thorp JM Jr, Mayer DC, Cefalo RC. Central hemodynamic
effects of recombinant human relaxin in the isolated, perfused rat heart
model. Obstet Gynecol 1996; 87:610-612.

Fairweather D, Frisancho-Kiss S, Njoku DB, et al. Complement receptor 1
and 2 deficiency increases coxsackievirus B3-induced myocarditis, dilated
cardiomyopathy, and heart failure by increasing macrophages, IL-1beta,
and immune complex deposition in the heart. J Immunol 2006; 176:3516—
3524.

Szalay G, Sauter M, Hald J, Weinzierl A, Kandolf R, Klingel K. Sustained
nitric oxide synthesis contributes to immunopathology in ongoing
myocarditis attributable to interleukin-10 disorders. Am J Pathol 2006;
169:2085-2093.

Ellis JE, Ansari AA, Fett JD, et al. Inhibition of progenitor dendritic cell mat-
uration by plasma from patients with peripartum cardiomyopathy: role in
pregnancy-associated heart disease. Clin Dev Immunol 2005; 12:265-273.
Xu HF, Li YH, Chen Y, Cheng LB. [The expression of dystrophin in human
viral myocarditis and dilated cardiomyopathy]. Fa Yi Xue Za Zhi 2006;
22:12-14.

Thomas JA, Haudek SB, Koroglu T, et al. IRAK1 deletion disrupts cardiac
Toll/IL-1 signaling and protects against contractile dysfunction. Am J
Physiol Heart Circ Physiol 2003; 285:H597-H606.

Elkayam U, Akhter MW, Singh H, et al. Pregnancy-associated cardiomyo-
pathy: clinical characteristics and a comparison between early and late
presentation. Circulation 2005; 111:2050-2055.

Hibbard JU, Lindheimer M, Lang RM. A modified definition for peripar-
tum cardiomyopathy and prognosis based on echocardiography. Obstet
Gynecol 1999; 94:311-316.

Simon PM, Schwartzstein RM, Weiss JW, Fencl V, Teghtsoonian M, Wein-
berger SE. Distinguishable types of dyspnea in patients with shortness of
breath. Am Rev Respir Dis 1990; 142:1009-1014.

Cho S, Atwood JE. Peripheral edema. Am J Med 2002; 113:580-586.
Brown MA, Mackenzie C, Dunsmuir W, et al. Can we predict recurrence of
pre-eclampsia or gestational hypertension? BJOG 2007; 114:984-993.

Hu CL, Li YB, Zou YG, et al. Troponin T measurement can predict persistent

VOLUME 76 « NUMBER 5 MAY 2009 295

Downloaded from www.ccjm.org on March 14, 2026. For personal use only. All other uses require permission.


http://www.ccjm.org/

42.

43.

45.

46.

47.

49.

50.

51.
52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

2%

PERIPARTUM CARDIOMYOPATHY

left ventricular dysfunction in peripartum cardiomyopathy. Heart 2007;
93:488-490.

Desai D, Moodley J, Naidoo D. Peripartum cardiomyopathy: experiences
at King Edward VIl Hospital, Durban, South Africa and a review of the
literature. Trop Doct 1995; 25:118-123.

Diao M, Diop IB, Kane A, et al. [Electrocardiographic recording of long
duration (Holter) of 24 hours during idiopathic cardiomyopathy of the
peripartum]. Arch Mal Coeur Vaiss 2004; 97:25-30.

. Pearson GD, Veille JC, Rahimtoola S, et al. Peripartum cardiomyopathy:

National Heart, Lung, and Blood Institute and Office of Rare Diseases (Na-
tional Institutes of Health) workshop recommendations and review. JAMA
2000; 283:1183-1188.

Cooper LT, Baughman KL, Feldman AM, et al. The role of endomyocardial
biopsy in the management of cardiovascular disease: a scientific statement
from the American Heart Association, the American College of Cardiology,
and the European Society of Cardiology. Endorsed by the Heart Failure So-
ciety of America and the Heart Failure Association of the European Society
of Cardiology. Eur Heart J 2007; 28:3076-3093.

Baughman KL. Peripartum cardiomyopathy. Curr Treat Options Cardiovasc
Med 2001; 3:469-480.

Di Bella G, de Gregorio C, Minutoli F, et al. Early diagnosis of focal myo-
carditis by cardiac magnetic resonance. Int J Cardiol 2007; 117:280-281.

. Laissy JP, Hyafil F, Feldman LJ, et al. Differentiating acute myocardial in-

farction from myocarditis: diagnostic value of early- and delayed-perfusion
cardiac MR imaging. Radiology 2005; 237:75-82.

Kawano H, Tsuneto A, Koide Y, et al. Magnetic resonance imaging in a
patient with peripartum cardiomyopathy. Intern Med 2008; 47:97-102.
Leurent G, Baruteau AE, Larralde A, et al. Contribution of cardiac MRl in
the comprehension of peripartum cardiomyopathy pathogenesis. Int J
Cardiol 2009; 132:€91-€93. Epub 2008 Feb 6.

Andrade SE, Raebel MA, Brown J, et al. Outpatient use of cardiovascular
drugs during pregnancy. Pharmacoepidemiol Drug Saf 2008; 17:240-247.
Ray JG, Vermeulen MJ, Koren G. Taking ACE inhibitors during early preg-
nancy: is it safe? Can Fam Physician 2007; 53:1439-1440.

Cooper WO, Hernandez-Diaz S, Arbogast PG, et al. Major congenital mal-
formations after first-trimester exposure to ACE inhibitors. N Engl J Med
2006; 354:2443-2451.

Sliwa K, Fett J, Elkayam U. Peripartum cardiomyopathy. Lancet 2006;
368:687-693.

Rathore SS, Curtis JP, Wang Y, Birstow MR, Krumholz HM. Association of
serum digoxin concentration and outcomes in patients with heart failure.
JAMA 2003; 289:871-888.

Shimamoto T, Marui A, Oda M, et al. A case of peripartum cardiomyopa-
thy with recurrent left ventricular apical thrombus. Circ J 2008; 72:853-854.
Nishi I, Ishimitsu T, Ishizu T, et al. Peripartum cardiomyopathy and biven-
tricular thrombi. Circ J 2002; 66:863-865.

Sliwa K, Skudicky D, Bergemann A, Candy G, Puren A, Sareli P. Peripartum
cardiomyopathy: analysis of clinical outcome, left ventricular func-

tion, plasma levels of cytokines and Fas/APO-1. J Am Coll Cardiol 2000;
35:701-705.

Clark NP, Delate T, Witt DM, Parker S, McDuffie R. A descriptive evaluation
of unfractionated heparin use during pregnancy. J Thromb Thrombolysis
2008 epub March 8.

Narin C, Reyhanoglu H, Tulek B, et al. Comparison of different dose regi-
mens of enoxaparin in deep vein thrombosis therapy in pregnancy. Adv
Ther 2008; 25:585-594.

Bonow RO, Carabello BA, Chatterjee K, et al; 2006 Writing Committee
Members; American College of Cardiology/American Heart Association
Task Force. 2008 Focused update incorporated into the ACCAHA 2006
guidelines for the management of patients with valvular heart disease: a
report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Writing Committee to Revise the 1998
Guidelines for the Management of Patients With Valvular Heart Disease):
endorsed by the Society of Cardiovascular Anesthesiologists, Society for
Cardiovascular Angiography and Interventions, and Society of Thoracic
Surgeons. Circulation 2008; 118:e523-e661.

Rose EA, Gelijns AC, Moskowitz AJ, et al; Randomized Evaluation of
Mechanical Assistance for the Treatment of Congestive Heart Failure
(REMATCH) Study Group. Long-term mechanical left ventricular assistance

CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 76 ¢ NUMBER 5

63.
64.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

for end-stage heart failure. N Engl J Med 2001; 345:1435-1443.

Jessup M, Brozena S. Heart failure. N Engl J Med 2003; 348:2007-2018.
Sliwa K, Skudicky D, Candy G, Bergemann A, Hopley M, Sareli P. The ad-
dition of pentoxifylline to conventional therapy improves outcome in pa-
tients with peripartum cardiomyopathy. Eur J Heart Fail 2002; 4:305-309.

. Bozkurt B, Villaneuva FS, Holubkov R, et al. Intravenous immune globulin

in the therapy of peripartum cardiomyopathy. J Am Coll Cardiol 1999;
34:177-180.

. McNamara DM, Holubkov R, Starling RC, et al. Controlled trial of intrave-

nous immune globulin in recent-onset dilated cardiomyopathy. Circulation
2001; 103:2254-2259.

Kishimoto C, Shioji K, Kinoshita M, et al. Treatment of acute inflamma-
tory cardiomyopathy with intravenous immunoglobulin ameliorates left
ventricular function associated with suppression of inflammatory cytokines
and decreased oxidative stress. Int J Cardiol 2003; 91:173-178.

Fett JD. Inflammation and virus in dilated cardiomyopathy as indicated by
endomyocardial biopsy. Int J Cardiol 2006; 112:125-126.

Hilfiker-Kleiner D, Meyer GP, Schieffer E, et al. Recovery from postpartum
cardiomyopathy in 2 patients by blocking prolactin release with bro-
mocriptine. J Am Coll Cardiol 2007; 50:2354-2355.

Yuan Z, Kishimoto C, Shioji K. Beneficial effects of low-dose benidipine

in acute autoimmune myocarditis: suppressive effects on inflammatory
cytokines and inducible nitric oxide synthase. Circ J 2003; 67:545-550.

Li WM, Liu W, Gao C, Zhou BG. Immunoregulatory effects of atorvastatin
on experimental autoimmune myocarditis in Lewis rats. Immunol Cell Biol
2006; 84:274-280.

Yuan HT, Liao YH, Wang Z, et al. Prevention of myosin-induced autoim-
mune myocarditis in mice by anti-L3T4 monoclonal antibody. Can J Physiol
Pharmacol 2003; 81:84-88.

Kuhl U, Pauschinger M, Schwimmbeck PL, et al. Interferon-beta treatment
eliminates cardiotropic viruses and improves left ventricular function in
patients with myocardial persistence of viral genomes and left ventricular
dysfunction. Circulation 2003; 107:2793-2798.

Felix SB, Staudt A. Non-specific immunoadsorption in patients with di-
lated cardiomyopathy: mechanisms and clinical effects. Int J Cardiol 2006;
112:30-33.

Bosch T. Therapeutic apheresis—state of the art in the year 2005. Ther
Apher Dial 2005; 9:459-468.

Liu Z, Yuan J, Yanagawa B, Qiu D, McManus BM, Yang D. Coxsackievirus-
induced myocarditis: new trends in treatment. Expert Rev Anti Infect Ther
2005; 3:641-650.

Yu CM, Abraham WT, Bax J, et al; PROSPECT Investigators. Predictors of
response to cardiac resynchronization therapy (PROSPECT)—study design.
Am Heart J 2005; 149:600-605.

Duran N, Gunes H, Duran |, Biteker M, Ozkan M. Predictors of prognosis
in patients with peripartum cardiomyopathy. Int J Gynaecol Obstet 2008;
101:137-140.

Chapa JB, Heiberger HB, Weinert L, Decara J, Lang RM, Hibbard JU. Prog-
nostic value of echocardiography in peripartum cardiomyopathy. Obstet
Gynecol 2005; 105:1303-1308.

Fett JD, Christie LG, Murphy JG. Brief communication: Outcomes of sub-
sequent pregnancy after peripartum cardiomyopathy: a case series from
Haiti. Ann Intern Med 2006; 145:30-34.

Sliwa K, Forster O, Zhanje F, Candy G, Kachope J, Essop R. Outcome of
subsequent pregnancy in patients with documented peripartum cardio-
myopathy. Am J Cardiol 2004; 93:1441-1443, A10.

Elkayam U, Tummala PP, Rao K, et al. Maternal and fetal outcomes of
subsequent pregnancies in women with peripartum cardiomyopathy. N
Engl J Med 2001; 344:1567-1571.

Dorbala S, Brozena S, Zeb S, et al. Risk stratification of women with
peripartum cardiomyopathy at initial presentation: a dobutamine stress
echocardiography study. J Am Soc Echocardiogr 2005; 18:45-48.

ADDRESS: Radhakrishnan Ramaraj, MD, Department of Internal Medicine,
University of Arizona College of Medicine, 1501 North Campbell Avenue,
Tucson, AZ 85724; E-mail drkutty2@gmail.com.

MAY 2009

Downloaded from www.ccjm.org on March 14, 2026. For personal use only. All other uses require permission.


http://www.ccjm.org/

