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Definition of PPCM

European Society of Cardiology on the classification of
cardiomyopathies*

A non-farnilial, non-genetic form of dilated cardiomycpathy associated with pregnancy

AHA Scientific Statement on contemporary definitions and A rare and dilated acquired primary cardiomyopathy associated LV dysfunction and heart

classifications of the cardiomyopathies’ failure

Workshop held by the National Heart Lung and Blood
Institute and the Office of Rare Diseases’

The development of heart failure in the last month of pregnancy or within 5 months
post-partum

The absence of an identifiable cause of heart failure

The absence of recognizable heart disease prior to the last month of pregnancy

LV systolic dysfunction demonstrated by classical echocardiographic criteria. The latter
may be characterized as an LV ejection fraction <45%, fractional shortening <30%, o
both, with or without an LV end-diastolic dimension >2.7 cm/m? body surface area

Heart Failure Association of the European Society of
Cardiology Working Group on PPCM 2010

PPCM is an idiopathic cardiomyopathy presenting with heart failure secondary to left
ventricular systolic dysfunction towards the end of pregnancy or in the months

following delivery, where no other cause of heart failure is found. It is a diagnosis of
exclusion. The left ventricie may not be ditated but the ejection fraction is nearly alway:
reduced below 45%.

been found in the majority of women with PPCM.?® Circulating
auto-antibodies to every type of cardiac tissue were identified in
all 10 cases screened by Lamparter et al.”’ Warraich et al. reported
higher titres of antibodies (IgG and IgG subclasses) against cardiac
myosin heavy chain in patients with PPCM compared with those
with IDCM. Furthermore, these titres correlated with clinical pres-
entation and with New York Heart Association (NYHA) functional
class.’® In addition, the potential role of microchimerism, due to
the introduction of foetal cells of haematopoietic origin into the
maternal circulation, has been raised.”’

Whether or not these findings are causal in PPCM, or secondary
to cardiac damage due to another mechanism, is not clear.

Genetic susceptibility to peripartum
cardiomyopathy

Few data are available with which to formally evaluate any genetic
contribution to susceptibility to PPCM and the studies that have
been published are largely case reports rather than systematic
studies. There are a number of reports in the literature of PPCM
in women with mothers or sisters who had the same diagnosis.
A widely cited study from the 19605 identified 3 of 17 probands
with PPCM who had a definite family history of the condition.
Since that time, there have been several other carefully documen-
ted examples of two or three affected female first-degree rela-
tives.'"3* Frequently, uncertainty exists about whether such
cases fulfil formal PPCM diagnostic criteria (i.e. absence of pre-
existing heart disease) or whether, in contrast, the affected
women have an inherited DCM that only became apparent
during the haemodynamic stress of pregnancy. There have been
reports of women with PPCM, who have male relatives affected
by DCM, arguing that at least some familial cases are examples
of DCM rather than a specific PPCM.>® Recently, however, there
have been two reports which more strongly support the sugges-
tion that some cases of PPCM may in fact be part of familiat
DCM*¥ In one study from the Netherlands, van

Spaendonck-Zwarts et al.>® studied 90 families with familial DCM
and investigated the presence of PPCM; in addition, they also
examined PPCM patients and performed cardiac screening of
their first-degree relatives. Their data suggest that a subset of
PPCM is an initial manifestation of familial DCM and this was cor-

roborated by the identification of a causative mutation in one
family. In another study from the USA, Morales et al™’ did
similar observations in a large cohort study. These findings
together may have important implications for cardiology screening
in such families.

Nevertheless, the very high incidence in certain communities is
suggestive of environmental risk factors,®® although a common
genetic founder mutation cannot be excluded. Studies in immigrant
populations in the USA suggest an intermediate level of risk in
African-Americans and a low incidence in Hispanics (more in
keeping with changing environment than genetic origins).9

Within populations, there clearly remains scope for variable
genetic susceptibility, just as there is with other forms of HF.
Future research could evaluate both the common variants:
common disease contribution to PPCM susceptibility and, poten-
tially, analysis of uncommon larger-effect alleles (eg. by
re-sequencing). A number of candidate gene pathways would be
promising targets, e.g. genetic variants in the JAK/STAT signalling
cascade;’ however, no associations have been detected to date.

On the basis of these results, general genetic testing is not rec-
ommended as a routine but is currently being done as part of
research projects.

Clinical presentation and diagnosis

The clinical presentation of patients with PPCM is similar to those
with other forms of systolic HF secondary to cardiomyopathy, but
may be highly variable. Patients with only mild symptoms have
been reported. Early signs and symptoms of PPCM may often
mimic normal physiological findings of pregnancy and include
pedal oedema, dyspnoea on exertion, orthopnoea, paroxysmal
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2000
2005

1988
2001

1986~
1989

1986~

1994

Country Case series

USA

Haiti

USA

South
Africa

USA

or
poputation

Population
based

Population
based

Case series
(single
institution)

Case series
(single
institution)

Case series
(single
institution)

Case series
(single
institution)

Retrospective
(R) or
prospective

Number
with

60

98

32

97

28

Incidence

1990--2002: 1:3189;
2000--02: 1:2289

Total (all races):
1:4025; 1:4075,
Whites; 1:1421,
African-Americans;
1:9861, Hispanics;
1:2675, Asians

1:300

1:1149

1:1000

1:2406

33

32

27

29

NA

429% White; 32%
African-American
with PPCM

NA

Afro-Caribbean

809 African American;
20% White

Black Africans; except
1 Asian

21 Black; 6 White; 1
Asian

Definition of PPCM

ICD 9 code 674.8 (plus least one of 514, 428, 425.4,
648.64) and then 2 reviewers of each potential case—
PPCM if consensus

ICD 9 codes 428.0, 428.1, 428.4, 428.9, 425.4, and 425.
and then case note review:

(i) LVEF < 0.50
(i) Framingham criteria for HF
(iii) new symptoms of HF or initial echocardiographic
diagnosis of left ventricutar dysfunction occurred in
the month before or in the S months after delivery

(i) CHF 1-month before to 5 months after delivery
(i) no pre-existing heart disease
(iif)y no other cause identified for CHF
(iv) LVEF < 45% or FS < 30%

(i) FS << 30%

(i) LVEDD > 4.8 cm

(i) no other cause identified for CHF

(iv) LYEF < 45% or FS < 30%

Not stated; echocardiography performed—no results

presented

(i) CHF 1 month before to 5 months after delivery
(i) no other cause identified for CHF

(iii) absence of heart disease before the last month of
pregnancy
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nocturnal dyspnoea, and persistent cough. Additional symptoms
experienced in PPCM include abdominal discomfort secondary
to hepatic congestion, dizziness, praecordial pain, and palpitations,
and, in the later stages, postural hypotension can occur. In many
cases, women with PPCM and their doctors or midwives may
believe that these symptoms are either due to gravidity or
general tiredness, due to having given birth recently, and the
associated lack of sleep. In addition, patients may be anaemic.

In the majority of patients, symptoms develop in the first
4 months after delivery (78%). Only 9% of patients present in
the last month of pregnancy. Thirteen per cent present either
prior to 1 month before delivery, or more than 4 months post-
partum.” In at least some countries, patients often present later
than 5 months post-partum as their symptoms are not initially
attributed to HF (KS., South Africa, personal experience). Such
patients have not been included in any studies to date as they do
not meet current criteria for a diagnosis of PPCM. It is also possible
that some women who present later in life with DCM have pre-
viously unrecognized PPCM.

The most frequent initial presentation is with NYHA functional
class lll or IV symptoms," but this may vary from NYHA | to IV
symptoms. Some patients may present with complex ventricular
arrhythmias or cardiac arrest.*

Only one study has reported physical signs in PPCM. Of 97
South African patients, 72% had a displaced apical impulse, 92%
a third heart sound, and 43% mitral regurgitation.”

Left ventricular thrombosis is not uncommon in PPCM patients
with an LVEF < 35%.>"*" Peripheral embolic episodes, including
cerebral embolism, with serious neurological consequences, cor-
onary and mesenteric embolism, have been reported.***3 Hae-
moptysis and pleuritic chest pain may be presenting symptoms of
pulmonary embolism.

Prospective registries are needed to accurately quantify the risk
of systemic and venous thrombo-embolism.

Investigation of peripartum
cardiomyopathy

As PPCM is a diagnosis of exclusion, all patients should have a
thorough investigation to identify any alternative aetiology of HF
(Figure T). Both cardiac and non-cardiac causes of symptoms
should be considered.

Electrocardiogram

An electrocardiogram (ECG) should be performed in all patients
with suspected PPCM as it can help distinguish PPCM from
other causes of symptoms. Two studies investigated the preva-
lence of ECG abnormalities in PPCM."*% In 97 South Africans
with PPCM, 66% had voltage criteria consistent with LV hypertro-
phy and 96% ST-T wave abnormalities. On presentation, the ECG
of PPCM patients in HF is seldom normal. However, studies with
larger sample sizes are needed.

Patients with PPCM are as susceptible to arrhythmias as those
with other cardiomyopathies, particularly if LV systolic dysfunction

becomes chronic.™
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B-type natriuretic peptide

As a result of elevated LV end-diastolic pressure due to systolic dys-
function, patients with PPCM commonly have an increased plasma
concentration of B-type natriuretic peptide (BNP) or N-terminal
pro-BNP (NT-proBNP)."” Of 38 patients with PPCM, all had
abnormal NT-proBNP plasma levels (mean 1727.2 fmol/mL)
when compared with 21 healthy mothers post-partum (mean
339.5 fmol/mL), P < 0.0001.

Cardiac imaging

Cardiac imaging is indicated in any peripartum woman with symp-
toms and signs suggestive of cardiac failure in order to establish the
diagnosis and, if PPCM is present, to obtain prognostic information.

Not all patients present with LV dilatation,” but a LV end-diastolic
diameter > 60 mm predicts poor recovery of LV function (as does a
LVEF < 30 %)."%*** |maging is also important in ruling out LV
thrombus, particularly where the LVEF is severely depressed.*’
Imaging should be carried out as quickly as possible. Although echo-
cardiography is the most widely available imaging modality, magnetic
resonance imaging (MRI) allows more accurate measurement of
chamber volumes and ventricular function than echocardiography®
and also has a higher sensitivity for the detection of LV thrombus.*’
In addition, specific MRI techniques, such as measurement of late
enhancement following administration of gadolinium, provide critical
information in the differential diagnosis of myocarditis. The European
Society of Radiology recommends that gadolinium should be avoided
until after delivery, unless absolutely necessary. Breast feeding does
not need to be interrupted after administration of gadolinium.*®

Echocardiography should be repeated before patient discharge
and at 6 weeks, 6 months, and annually to evaluate the efficacy
of medical treatment. If available, cardiac MRI can also be repeated
at 6 months and 1 year to get a more accurate assessment of
changes in cardiac function.

Peripartum cardiomyopathy is a diagnosis of exclusion with a
large differential diagnosis (Table 3). Confusion may arise when
cardiac changes accompany pregnancy-induced hypertension (pre-
ectampsia). The inclusion of patients with this complication in both
the index and prior pregnancies has probably contributed to the
discrepancy between studies in the reported characteristics of
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re-existing idiopathic dilated
cardiomyopathy ({DC) unmasked by
pregnancy

re-existing familial dilated
cardiomyopathy (FDC) unmasked by
pregnancy

IVIAIDS cardiomyopathy

re-existing valvular heart disease

Distinguishing features

PPCM most commonily presents post-partum,
whereas IDC (unmasked by pregnancy) usually
presents by the 2nd trimester

IDC usually presents during pregnancy with larger
cardiac dimensions than PPCM

PPCM most commonly presents post-partum,
whereas FDC usually presents by 2nd trimester

Positive family history in FDC

FDC usually presents during pregnancy with larger
cardiac dimensions than PPCM

HIV cardiomyopathy presents often with non-dilated
ventricles

Rheumatic mitral valve disease is often unmasked by

Diagnosisl/investigation

History, ECG, BNP, echocardiography

History, ECG, BNP, echocardiography, genetic
testing, family screening

HIV test

History, examination, ECG, echocardiography

unmasked by pregnancy pregnancy

PPCM most commonly presents post-partum whereas
valvular heart disease usually presents by 2nd

trimester

ypertensive heart disease

presenting before delivery

re-existing unrecognized congenital
heart disease

Pregnancy-associated myocardial
infarction

Pulmonary embolus History

Exclude pre-existing severe hypertension in those

Previously unrecognized congenital heart disease often  History, ECG, echocardiography
has associated pulmonary hypertension

PPCM most commonly presents post-partum,
whereas congenital heart disease usually presents
by 2nd trimester

History (but can present atypically)

History, ECG, cardiac enzymes, coronary
angiography, echocardiography

Medical history, ECG, p-dimers; consider
echocardiography, ventilation/perfusion scan, CT
putmonary angiogram

patients with PPCM and in the timing of presentation. Studies with
greater proportions of patients with pre-eclampsia (and of patients
with more severe pre-eclampsia) report a far greater frequency of
PPCM cases presenting in the last month of pregnancy.* In con-
trast, studies that have attempted to minimize the inclusion of
patients with pre-eclampsia (or which only include patients with
milder hypertension) show a clear post-partum peak in the presen-
tation of PPCM, most commonly 2-62 days after delivery>'**

Management

Management of acute heart failure in
peripartum cardiomyopathy

Initial management

The principles of managing acute HF due to PPCM are no different
than those applying to acute HF arising from any other cause and
are summarized in the recent ESC/ESICM guidelines® Briefly,
rapid treatment is essential, especially when the patient has pul-
monary oedema and/or hypoxaemia. Oxygen should be adminis-
tered in order to achieve an arterial oxygen saturation of >95%,
using, where necessary, non-invasive ventilation with a positive
end-expiratory pressure of 5-7.5 cm HyO. Intravenous (i.v.) diure-
tics should be given when there is congestion and volume

overload, with an initial bolus of furosemide 20~40 mg iv. rec-
ommended. Intravenous nitrate is recommended (e.g. nitroglycer-
ine starting at 10-20 up to 200 pg/min) in patients with a systolic
blood pressure (SBP) >110 mmHg and may be used with caution
in patients with SBP between 90 and 110 mmHg.

Inotropic agents should be considered in patients with a low
output state, indicated by signs of hypoperfusion (cold, clammy
skin, vasoconstriction, acidosis, renal impairment, liver dysfunction,
and impaired mentation) and those with congestion which persists
despite administration of vasodilators and/or diuretics. When
needed, inotropic agents (dobutamine and levosimendan) should
be administered without unnecessary delay and withdrawn as soon
as adequate organ perfusion is restored and/or congestion reduced.

Mechanical ventricular support and cardiac
transplantation

If a patient is dependent on inotropes or intra-aortic balloon pump
counterpulsation, despite optimal medical therapy, implantation of a
mechanical assist device or cardiac transplantation should be con-
sidered. Since the prognosis in PPCM s different from DCM with a sig-
nificant proportion of patients normalizing their LV function within the
first 6 months post-parturn,™® an LV-assisted device (LVAD) may be
considered before listing the patient for cardiac transplantation,
although the optimum strategy is not known and discussion

—100—
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between experts on a case-by-case basis may be helpful. However,
implantation of LVAD should certainly be considered as a rescue
measure in a life-threatening situation (‘bridge to transplantation’).

Left ventricular-assisted devices have improved mechanically and
experience with their use has increased greatly in recent years,
with a large number of LVADs implanted in Europe as either a
‘bridge to transplantation’ or as ‘destination themg::y’.s1 Neverthe-
tess, complications related to their use remain high®* and thrombo-
tic complications may occur more often in patients with PPCM
than in others because PPCM is a pro-thrombotic condition. Size
of device also remains a limiting factor as not all fully implantable
devices will fit into a small woman.

After clinical improvement of the patient and recovery of cardiac
function, weaning from the device may be attempted. Since no data
are available specifically for PPCM, the criteria developed for DCM
should be used.>® If weaning cannot be attempted, or is not suc-
cessful, transplantation should be considered.

Published data show that between 0 and 11% of patients with
PPCM undergo heart transplantation (Table 4). So far, the two
fargest published series each included just eight patients®* Both
reported similar outcomes in women with PPCM compared with
patients with HF due to other causes.

International registries could greatly increase knowledge of both
the use of cardiac transplantation and LVADs in PPCM.

Management of stable heart failure in
peripartum cardiomyopathy

Drug therapy

After delivery, PPCM should be treated in accordance with the
current ESC guidelines for HF.*

During pregnancy, the following restrictions to these guidelines apply.

Angiotensin-converting enzyme-inhibitors and angiotensin-ii receptor
blockers. Angiotensin-converting enzyme (ACE)-inhibitors and
angiotensin-ll receptor blocker (ARB) are contraindicated
because of serious renal and other foetal toxicity (I-C).>*>*

Hydralazine and long-acting nitrates. It is believed that this combi-
nation can be used safely, instead of ACE-inhibitors/ARBs, in
patients with PPCM.*’

B-Blockers. These have not been shown to have teratogenic
effects.®® B-1-selective drugs are preferred because B-2 receptor
blockade can, theoretically, have an anti-tocolytic action.

Diuretics. Diuretics should be used sparingly as they can cause
decreased placental blood flow.'*** Furosemide and hydrochlor-
othiazide are most frequently used.

Aldosterone antagonists. Spironolactone is thought to have anti-
androgenic effects in the first trimester.*® Because the effects of
eplerenone on the human foetus are uncertain, it should also be
avoided during pregnancy.

Antithrombotic therapy. Fetotoxicity of warfarin needs to be con-
sidered in all patients with PPCM and LVEF <35%. Unfractionated
or low-molecular-weight heparin can be used. Fetotoxicity of war-
farin needs to be considered.

Cardiac resynchronization therapy and implantable
cardiovertersi/defibrillators

Peripartum cardiomyopathy patients are not specifically discussed
cardioverters/

in the section on implanting implantable

defibrillators  (ICDs) and cardiac resynchronization therapy
(CRT) in the 2008 ESC guidelines. Decisions about both the neces-
sity and the timing of {CD and CRT implantation in these patients
are extremely difficult and require careful consideration of the
pros and cons in the context of the natural history of PPCM.
The obvious issues are the cost and patential complications of
implanting a device in a patient who may not need it for long
because of subsequent recovery of ventricular function.
However, if a patient with PPCM has persistently severe LV dys-
function 6 months following presentation, despite optimal
medical therapy, many clinicians would advise implantation of an
ICD {combined with CRT if the patients aiso has NYHA functional
class lil or IV symptoms and a QRS duration > 120 ms).

International registries should be structured in a way to include
PPCM as a specific diagnosis and thereby to provide information
for the future.

New therapeutic strategies

As indicated earlier, bromocriptine may be a novel disease-specific
treatment for PPCM.™ Several case reports have suggested that
the addition of bromocriptine to standard therapy for HF may
be beneficial in patients with acute onset of PPCM.'®173141 1y
addition, a proof-of-concept randomized pilot study of patients
with newly diagnosed PPCM presenting within 4 weeks of delivery
also showed promising results.'® Patients receiving bromocriptine
2.5 mg twice daily for 2 weeks, followed by 2.5 mg daily for 4
weeks, displayed greater recovery of LVEF (27% at baseline to
58% at 6 months, P = 0.012) compared with patients assigred to
standard care (27% at baseline to 36% at 6 months, NS). One
patient in the bromocriptine-treated group died compared with
four patients in the placebo group.

Bromocriptine has been used for more than 20 years in post-
partum women to stop lactation. The use in this period has
been associated with several reports of myocardial infarction.®
Because of these, anti-coagulation therapy is strongly encouraged
in PPCM patients with a low LVEF in general and in those taking
particular.  Furthermore, with adequate
anti-coagulation therapy, thrombo-embolism in all PPCM patients
treated with bromocriptine has not been observed. '®?
However, the data available are limited.

The safety of bromocriptine was also examined in a survey of
more than 1400 women who took the drug primarily during the
first few weeks of pregnancy. No evidence of increased rates of

bromocriptine in

abortion or congenital matformation was reported.®?

Before this treatment can be recommended as a routine strat-
egy, there is a need for a larger randomized trial, atthough some
physicians currently add bromocriptine to conventional therapy
on an individual basis.

Timing and mode of delivery

Women who present with PPCM during pregnancy require joint
cardiac and obstetric care. Possible adverse effects on the foetus
must be considered when prescribing drugs. A baseline ultrasound
scan is important for subsequent monitoring of foetal growth and
well-being.

Timing and mode of delivery in PPCM are important issues cur-
rently not addressed by randomized trials or large cohort studies.
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Year

Study type

Age Mortality
(mean
follow-up)

LV function

Transplantation
and VAD

Predictors of mortality

opulation-based studies

Mielniczuk 1990-2002
etal®
Braretal’  1996-2005

-ase series

Sliwa et al** 2005-08*

Sliwa et al ™ 2003-05

Fettetal®  2000-05

Fett et al™  1994-2001

Duran 19952007
et al ¥

Modi et al.” 1992-2003
Sliwa et al™' 1996--97

Desaietal’ 198689

Felker 198398
etal’

Chapa 1988-2001
et al’®

USA

South
Africa

South
Africa

Haiti

Haiti

Turkey

USA
South
Africa
South
Africa
USA

USA

Retrospective, population based 171

Retrospective, population based

Prospective, single centre

Prospective, single centre

Prospective, single centre

Prospective + retrospective,
single centre

Prospective + retrospective,
single centre

Single centre, retrospective
Single centre, prospective

Single centre, retrospective

Single centre (those referred for
cardiac biopsy)
Single centre, retrospective

60

80, 100% African

descent

100, 100% African

descent

98, 100% African

47

33

44

29

99

puty

5

32

descent

patients, 39
African-American

30 1.36%
in-hospital,
2.05% ‘long
term’

34 3.3% (4.7
years)

30 10% (6
months),
28% (2
years)

32 15% (6
months)

32 15% (2.2 years)

32 14% (time
period not
available)

33 30% (47
months)

NA 15.9%

29 27.6% (6
months)

29 14% (time
period not
available)

29 6% (5 years)

27 9.6% (time
period not
available)

Mean LVEF: baseline
30%, 24 months
51%

Mean LVEF: baseline
26%, 24 months
43%, 23% normal LV
function after 6
months

28% normal ventricular
function after 2.2
years

NA

24% of patients
recovered
completely, 39%
were left with
persistent LV
dysfunction

LV function returned
to normal in 35%

Mean LVEF: baseline
27%, 6 months 43%

NA

NA

59% persistent LV
dysfunction (46
months)

0%

NA

NA

NA

6%

NA

NA

7%

6.5%
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NA

NA

Fas/Apo-1 and NYHA
functional class
independent predictors
of mortality

LVEDD and LVEF at
presentation not
predictive of mortality

NA

QRS > 120 ms ~ 1

LVEF did not predict
mortality
NA

NA

NA

NA
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Unless there is deterioration in the maternal or foetal condition,
there is no need for early delivery.** Urgent delivery, irrespective
of gestation, may need to be considered in women presenting or
remaining in advanced HF with haemodynamic instability.®” A
team (comprising a cardiologist, obstetrician, anaesthesiologist,
neonatologist, and intensive care physician) should discuss the
planned mode and conduct of delivery in each case, taking into
account the woman's or couples wishes. The primary consider-
ation shoutd be maternal cardiovascutar benefit.5* In general, spon-
taneous vaginal birth is preferable in women whose cardiac
condition is well controlled with an apparently healthy
foetus.™*® Planned Caesarean section is preferred for women
who are critically ill and in need of inotropic therapy or mechanical
support.”® Cardiovascular challenges during tabour and delivery
include supine hypotension, increased cardiac output, blood loss,
and administration of i.v. fluids.?”

Labour is best conducted in a high care area where there is
experience in managing pregnancies with cardiac disease. Principles
of management are similar to those for women with other cardiac
disease in pregnancy.”®*® Continuous invasive haemodynamic
monitoring is recommended,” with continuous urinary catheter
drainage. Care must be taken to prevent fluid overload and pul-
monary oedema from iv. infusions. Antenatal oral medications
are continued, but heparin should not be given after contractions
have started.

The foetus is monitored with continuous cardiotocography. The
left lateral position has been suggested to ensure adequate venous
return from the inferior vena cava,**’”' but a sitting-up position
may be needed for women in cardiac failure. For analgesia and
anaesthesia, an experienced anaesthesiologist should be consulted.
Epidural analgesia is preferred during labour as it stabilizes cardiac
output.*® For Caesarean section, continuous spinal anaesthesia and
combined spinal and epidural anaesthesia have been rec-
ommended.** The second stage of labour is a time of increased
exertion and strong contractions and prolonged bearing down
efforts must be discouraged. Where spontaneous delivery
cannot be achieved rapidly, low forceps or vacuum-assisted deliv-
ery will reduce exertion and shorten the second stage.***” The
third stage of labour can be managed actively, using a single dose
of intramuscular oxytocin. Ergometrine is contraindicated.*®
After delivery, auto-transfusion of blood from the lower limbs
and contracted uterus may significantly increase pre-load. A
single i.v. dose of furosemide is commonly given at this stage. If
used, anticoagulants should be restarted in consultation with the
obstetrician and anaesthesiologist when post-partum bleeding has
stopped and the epidural or spinal catheter has been removed.

Breastfeeding

On the basis of the postulated negative effects of prolactin subfrag-
ments described above, breastfeeding is not advised in patients with
suspected PPCM, even if this practice is not fully evidence-based.
Several ACE-inhibitors (captopril, enalapril, and quinapril) have
been adequately tested and can be used in breastfeeding women.>®

Prognosis

Disappointingly, there are no European studies of the prognosis of
PPCM in any population. The worldwide data that are available
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suggest that the prognosis of PPCM appears to vary geographically
(Table )58 1342443457278 1t had been thought that mortality
was lowest in the USA. However, a recent study by Modi et al.”
reported recovery of LV function and survival rates of PPCM
patients in the USA similar to those reported from Haiti and
South Africa. No population-based studies have been performed
in the USA. In South Africa, case series have demonstrated that
mortality rates have slowly improved over time but 6-month and
2-year mortality rates remain at 10 and 28%, respectively. Single-
centre studies in Brazil and Haiti report mortality rates of 14~
16% within 6 months. In Turkey, a single tertiary centre reported
a mortality rate of 30% over 4-year follow-up. .

The proportion of patients in whom LV systolic function returns
to normal is more consistent in case series in the USA, Haiti, and
Turkey at 23—-41%.

Factors that independently predict mortality are not clear.'
Candidates for further study are NYHA class, LVEF, QRS duration,
and late onset of symptoms.

Subsequent pregnancies, counselling,
and contraception

Family-planning counselling is very important as women with
PPCM are usually in the middle of family building. Only a few
studies have reported on subsequent pregnancies of women
with a history of PPCM.

In a retrospective investigation, Elkayam et al.”’ studied 44
women with PPCM and a subsequent pregnancy and found that
LVEF increased after the index pregnancy but decreased again
during the subsequent pregnancy, irrespective of earlier values.
Development of HF symptoms was more frequent in the group
where LEVF had not normalized before the subsequent pregnancy
(44 vs. 21%). In addition, three of the women with a persistently
low LVEF entering the subsequent pregnancy died, whereas none
with normalized LVEF died. There was no perinatal mortality. In
a retrospective study, Habli et al compared 70 patients with
PPCM, where 21 had a successful subsequent pregnancy, 16 termi-
nated the pregnancy, and the remaining 33 had no subsequent
pregnancy. Ejection fraction at diagnosis was higher in those who
had a successful subsequent pregnancy, but had no relation to
worsening clinical symptoms, which developed in nearly one-third
of these patients.”®

Because of the sparse knowledge in this field, it is difficult to give
individual counselling, but with a LVEF of <25% at diagnosis or
where the LEVF has not normalized, the patient should be
advised against a subsequent pregnancy. All patients should be
informed that pregnancy can have a negative effect on cardiac func-
tion and development of HF and death may occur.

Women with PPCM need careful counselling about contracep-
tion because, as indicated above, they have a high risk of relapse
in subsequent pregnancies and terminating pregnancy may not
prevent the onset of PPCM.

Intrauterine devices (copper and progestogen-releasing {UDs)
are very effective and long-lasting forms of contraception which
do not increase the risk of thrombo-embolism. Combined hormo-
nal contraceptives contain oestrogens and progestins (synthetic
forms of progesterone) and should be avoided. Oestrogens

increase the risk of thrombo-embolism and should be avoided,
but intramuscular, subcutaneous, and subdermal forms of
progesterone-only contraception appear to be safe.”” Barrier
methods of contraception are not recommended because of
their high failure rate. Sterilization options can be considered and
include vasectomy, tubal ligation, and insertion of intratubal
stents. Because of the psychological impact, women should be
counselled carefully and educated about the effective alternatives.
In addition, anaesthetic risk must be considered in women with
persisting severe LV dysfunction.

Conclusion and way forward

Peripartum cardiomyopathy remains a difficult condition to both
diagnose and treat. Prior definitions, emphasizing strict time
windows and echocardiographic cut-offs for diagnosis, have prob-
ably led to women with the condition being overlooked or mis-
diagnosed. The rarity of the condition and lack of awareness of it
among physicians and nurses/midwives often leads to late diagnosis
and treatment. National and international registries, with systema-
tic, prospective collection of data, are needed to better document
the incidence, modes of presentation, current treatment practices,
complications, and prognosis (including recovery) of PPCM. Multi-
centre studies are also required to improve the understanding of
the pathogenic mechanisms of PPCM, including potential genetic
and life-style aspects.

With the recent discovery of an oxidative stress—cathepsin D~
16-kDa prolactin cascade in experimental and human PPCM, a
specific pathophysiological hypothesis for PPCM has emerged,
which may provide the rational basis for a specific therapeutic
intervention. This intervention, bromocriptine, which is a drug
that blocks the release of prolactin, and which has been used for
many years in women in order to stop lactation (or a related com-
pound), should now be tested in a number of prospective random-
ized controlled trials in women with PPCM.
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A A FZm 7 a7 7T — € ( Matrix
metalloproteinase : MMP) [Xffifast~ bV v 2
ATHDaz—rorerard s ) v %Sksy
fETsZ L TcmbN TS, MMP 77 I U —0
FCTH MMP-1,2,3,8,9, 131X PRL % Vi~¢ 4]
WrdsZ gL ERoTND, —J GH,
PL (A7 F V> (Subtilisin), ¥%€ +VJ 7
v (Chymotrypsin), 77 2 3> (Plasmin) .
Fa vy (Thrombin) IZX->TVi ki3,

Vi iZ PRLR (253 B fEAREE HOM, TR
B35 < PRL L RERO V7 IUREITR D 5
RNEEZ BN TWS, PRLR &38R 5% 51K
BIFET D ENRFRINTWANERIZITE
STV, BIEHBA LTS Vi OEMIZnE

PERIIIZ S LTy 78 b— AR, M s
i, SRR, MiaREEmRl A5 L T
BB,

ZHVE PRLAVI 23 b 72 b3 #HL Ui & Hi A 1E
MBRRET D2 L T, BB/ EZ Sh D AEE
PEDR ST D, BERIFPERIBIE 13RS RIS D&
HED—>TH Y, FEHRELHE IO T, KA
EHLSERTH D, ZOMBEIZIREDOME b
Wesa 72 B E A FAET D Z & T, HEEOEES
WrEN~ofizEZ 3, ZoBEnF T
Vi REIMENZ L3R ENT, Z ORERFHER
FBSHE D L 9 12 PRL-Vi O¥RBRERIC X > TR
FlEEZESNDBI53H Y, PRL OB HES
2 JE EM OIEYRBIE R BT Vi 3B 54 5 ArREdE
BEZ LI TND,

JAEESR O RE & 1

JEESLARE (Peripartum cardiomyopathy :
LR BOBEE D 72 D> o T DS
FER, HAPE & BRI D AR A % FIE 3 5 SR B R
BTHD, DRRICR BN D DB IEC I R 8
ERRIRE L, DIROFIRITIEERL O E B
TELEDIER, LEEZRT,

PPCM DORIEFRKIIFRHATH LM, UA LR
UL, BEREERUST. SEIRICHE D TEBRART~
DFRISHABET b TE 7, £ LT, 2007 i
Hilfiker-kleiner 2 & - T PPCM D JEfEIC
PRL "B & 3+ 5 W @EMER R I ke

(Hilfiker-Kleiner, D., K. A Cell, 128, 589-600.

PPCM) &id,

2007),
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Wit 51, PPCM £F /<7 & (LMD Stat3
7T YR UR) BT, DR R
VAN ER L, CathD HEASNTVWDLHZ &%
7R L7z, % LT CathD 251> PRL 2417 L,
Vi A3 AR O RHEE LI N D7 R
PV REBIEEILTWAZEERELR, &
HIZ, 2O~ yRZTuEs Y TFF o ekE5T5
EOERFIE LRV 2 & KRR O E YO E
BEOMBFPRIZL Vi BHELTWLHZ bbb
FTHE Lz (Figure.C), EHIZT 7/ VAN
ALY Vi LR RIICERIER S THHE
EHOES RIET 2EEH LI L, AkD
PRL (L 0HHIMIC BT, BEA N L X &
X, STAT3 ML 5, ZORKR, mMEH
A L DB KIC K Y T U ABRESLHEED b1k
HELTWD, ZOZENbb, MEFEIIETD
PRL & Vi DR T 21EMIZ, mWEHENT R
EHERTHODELEADY 7T M XY
ISEICHIELTWD EF X D,

S A v ML FESE AR & 0

ZLTHH—D, Vi LOBEENREBEINTY
DB, HRE MLEEGERES 5 D, Z OFERS
i ESE R T E N R R AR AT 7 v X — DAy
LOWEICL D L FEHOHHE & OEPHE 38%
EIEFEICE N, PRL & AR L B E o0 BT
30 FLL LRI ORI TRY . IFEITIE, 4
B i FEBHE BB IR P PRL R EE DMEH TR &
g LCE < . B2 512041 C PRL IREA
R 2EC, EERS MEBRERE RS 1S
Vi Bt Shic b Wi ENRH D, £io. R
i i BB A R ME PR 6 b Vi AR &
. TOEKITMENEMIaEEE T (VEGF)
R ANEMBEEEAZAELZ L VWO RELH
%, &biZ, Masumoto b L ILIKFRHEERIZI
T 4 NOEFERIENRE MLELE O BRAEIZ BT,
Vi zHH LT 5 (Masumoto, A. Acta Medica

Okayama, 64, 249-255. 2010), ZiL 5 OFEFRIL,
EMRREIC LV BERREIC > CLE- T2l
B i S R E DR IC BT, Cath DIk 5
PRL SIS Z 5 Z & 2R L TWDDNHH

AN
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Figure.A PRL, VIO &KX
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Figure.B r2<CathDIZ& B MPRLOD LIBTER {52

5| Piwnica, D., Touraine, P, Struman, 1., Tabruyn, S., Bolbach, G.,
Clapp, C., Martial, J.A,, Kelly, PA., and Goffin, V. {2004). Cathepsin D
processes human prolactin into multiple 16K-like N-terminal fragments:
Study of their antiangiogenic properties and physiological relevance.
Molecular Endocrinology 18, 2522-2542.
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B.BE#

ABFFEIL PPCM 36 L OV PIH B A6 Vi,
CathD Z#&4 5 Z & CTRER & OBFEME A 7
L. mFEO—Bhe 452 L2EMET S,

SEHRBEEAR BT, IHIRIC X ARFHOE L LR %
biv. BEBHMNEREZBRT D Lidd i,
PPCM., PIH iHER % BHICRR L CBRE1T S
ZEDBHETHLID, BEEX TR S5 L5 RKEF
PPCM A& fL 76 Vi 28
B EnZ &, PIH BEOEK, RHH Vi
B SN &0 b Vi PEEBEZTRTHY R
7777 8—EY 1G5 AR R R LT,

1RO TR0,

CH¥EL Tk
ik
ETOBRFITEERBREE L ¥ —fHEH
FEBEOAREZT TR S, BilL, FiRGFE
BTz e cliEE. EDTASHE
BfE CHRILS 5 Z & CTlIEAREL,
mRERTE LTz, @ EIRE (Control) & PIH
DEEFICOVWCIRHERT (BERT 1 H~42 H : F
¥J15 B), HEER (Ek 1~11 B 4 H),
HEE1 » At (TR 20~51 8, ¥ 33 H) ©3
FUCEIM U7z, PPCM BE I8 XL #HE 2 #Hi
I~ PPCM & 2l S4u7-ipss, 207 2 BR% (H
BE 1y Ak, 2l 7~22 B : F 15 B),
by Atk Witk 66~134 B : F¥J 97 H), P4E
% ( 1 1%
(W% 356 H~410 H : ¥ 381 H) DFmA
TEMZ1T>7, £/, PPCM BEIERUE

-20°C

A
&

2 150~192 B : E 172 H).

HmE LT, PRL pisidiFI<cH 5, D2R
PLE & VBRI 2 & T, SEFIEIE. Control 12 .

PIH 9 ], PPCM 10 5l (5 H 6 5] PRL #i4L
&) Thob,
Vi &I

PEEERE . MUIFE=E Tl MO Vi g

IR WESL LTz, AL, PRL HUA CTHREZTLREE L,
B L Y ER Vi 2R
5bDTHD, AR TIIEL S 7 7 Thtish
7z Vi DERBALEIT o7z, FEMEZ U TIIRT,

¥y 7 )Rk

MmyE 250 1 % Albumin/IgG Removal Kit
XY ATLE D%,

(Calbiochem, Germany)
Protein G-Agarose (Roche, Switzerland) 50 1
L A C16 B[] A o F = ~— L IgG ZBRE LT,
t + PRL $iffThH 5 anti-hPRL-IC-5, CYTO
(National Hormone & Peptide Program, USA)
% T Protein G-Agarose ¥ hD 71 k=
NEYIZIP 21T o7z,
Vi BRE - Z ROy L BORE

IP o TNHDE R ED5FRE RO

JE 12 1L Agilent Protein 80 Kit (Agilent
Technologies, USA) éﬁﬁb Ve, AREBROFERIT
W7 7 7 bIe DBXRIKBBIC L VR L, B
7 D3RR SRR 2 BT & Y | fEE R &
-t & (Fluorescence unit : FU)Z %R L7z,
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Vi BRI . ' —2 O & EKiE
BRHEESNHE S T 72 RKHEY 7 b Excel

WX o THBEL, Vi OFEMEToT, HEL

HICEE L., BEOMI{ELDO 7 ®IZ Visual Basic

Editor i k> TFu s3I v 752 iTo7,

CathD JEVERIE

SensoLyte520  Cathepsin D Activity
AssayKit (AnaSpec, USA) & W CHIEZTT-
2o ¥y FOFREE, Y7 CathD FriRE
REEEMA, TOGHFEEZUET D HDOTH D,
BEEOBRIC L > THRSNDEIENLT TN
WA Z—TRE L, RERD» DI LTCEE
DEREZREH L, BIEZNY 7Y r— FTITV,
BB SN EH 5 fEE% . inter assay [H CTHIC
BE LT R IR a2 R L L CRUE (%)
Z LT, Z ORIFEE Hilfiker-Kleiner H D%
HBICEL T D,

Mg, RIRE

FEIR & DEEMEZ T D 72D I AT X
TN VICIIRIRE., RBE B L, JE
HHIX PRL, WS MY U LFIRXTF R

(Brain Natriuretic Peptide : BNP), &4 > /X
7 & (Total Protein : TP) , 7 /7 X ./ (Albumin :
Alb), #5737 & (Total protein : TP), 2 L
7 F = (Creatinine : Cre), F—/V3
DA, /AT FLvF+ Y v

© NA) .
(Adrenaline : A) T#» 5, BNP iZLAEDOFAEH

(Dopamine :

(Noradrenaline 7 K v 5 U v

BICAVLNAFIRSTF K ThH D, AlbILiEE
JE DHERF ORISR R o it lC B b B 28, &
RERLEHFMEFE CIHLERENBL TS5, TP
B ARL, FEESE 2R T, Cre i3 ATP AR
DIDIZ7 VT FUnbiEY HEN D HEY
T D, FNTAER S L7z Cre B RERED DR
WIN AL A RN SN D Z & RPIzHE
XD, BigTORBMBEDEREL 25,
DA, NA, A bW T a—nA7T I 3bAe, BR
L TCHEEZ LT (Tablel-1),

INHBRAEICMA T, NYHA HEICK 5018
LOREFM %17V, PPCM BHEIZRY L=
—IZ X B DBREDRHI A 1T o 1o, D 2 — OFER
I EEfRARSIE (LVEDD) ., 72 SIUHE RIS

(LVESD) ., ZZ=M#EH (FS), £EBRH= (EF)
TR L7z (Tablel-2,3),

(SR

B O BEFRE TR L, HEE, 4
. BB B, B, KE, REEOAE, Eik
BE (G : R, P HHEE) . S3We5ik, S phirdlR
R, HAERGE, RELGE (BH. I470 R
&), NikETH D,
eERH AT

BRI FHELEERE TR L. AR
FEREL tREE AV, Vi XV CathD 1%
M & B RATER L OMEBEIT, EROMEZE LT

VT Y OBFEMEGRE (r) TRLU. MR
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RERICLVEEEZ RO, BEICELTHER
U 7= FABERER EFR % Tablel-4 1ZR1,

WA | L R A

PRL | 100~300ng/ml (FF#RRs)

BNP | ~18.4 pg/ml

Alb | 4.0~5.0 g/dL

TP |6.5~8.3 g/dL

Cre 0.47~0.79 mg/dL 0.40~1.50 g/day

A ~100 pg/ml 3.4~26.9,u g/day
NA 100~450 pg/ml 48.6~168.4 u g/day
DA ~20 pg/ml 365.0~961.5 1 g/day

Table1-1 : REIEE & EHHEME
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NYHA 5> %8

I & lﬁ\%é%b% LM, FHFEBICHBNAGENEOD

I SEEHICBREOHMNNSH DL HD

1953 FERFHHNBEICFHIBESNDED

Vi LHEFCEVTHEROHD D

Table1-2 : NYHA 7338
S IERE

EEILRARER LVEDD 35~50mm
EEIERAR LVESD 30~42mm
FEEEEKH R EF 27~50%
EZEAREmEE FS 55~80%

Table1-3 : DT O—KREBEB & EEE
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sample size significance level

n 0.10 0.05 0.01

3 0.988 0.997 1.000
4 0.900 0.950 0.990
5 0.805 0.878 0.959
6 0.729 0.811 0.917
7 0.669 0.754 0.875
8 0.621 0.707 0.834
9 0.582 0.666 0.798

Table1-4 : {HBIRBIRE R
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DR
B B E A R
Control, PIH, PPCM OJEF Z Lz, 8% 3

OB EREEEZR LT (Figure.1-1-1~9),

FEGI, RIFEH T & o Vi BB E R, Bk
536, % 11kDa, 14kDa, 16kDa, 18kDa @
Vi ZH&tH L7z, Control Tid 14kDa @ Vi A3 H
SHizAs, 16kDa O Vi B3 S i iz 72
27z, —J7 PPCM TiX&TO/KEN S 16kDa O
Vingtishe (Figure.1-6), DWW, BX*
16kDa @ Vi (2R Y #fE{t 29T > 7z, PIH TiIH
FERT & HHPEF 1 A T Control £V & Vi B3FE W
A d -7 (Figure.1-2A), PPCM 123300 T
i, BRI 230 PPCM 228 % Control 0
HEETR & iz L. PPCM 22W7 2 [ % Control
HE 1 r AL Lz, TR, PPCM T
IEMRE & 12 Control £V LA FIZE W Vil
EfE% R~ L7z (Figure.1-2B), %£7-. PPCM T
IR 3 r AR, FER. 1FRICBVTH VI
ErEVERENICH > 7= (Figure.1-4A), Mx T,
PRL #fil4LE % i L 7= PPCM Tik, ROED
PPCM & H~T Vi DR T2 R b 72253, Control
XV iIEmWERICH - 7= (Figure.1-5),

CathD 7&E1E

FEG], ERMEEH] Z & o CathD 1HHEEHIE % 7R
3. PIH Ti&, HEERT, HER, HE 1 r Atk%
# LT Control & ¥ % CathD {&EMEA &V MEANIC
dboiz (Figure.1-3A), PPCM TiI2Wiiks, 2
W 2 %1238 T Control LV bHEEIZE
CathD /&% 7/~R L7= (Figure.1-3B),

Vi & FIERF DA

RERFOFT, VifELHERMEEBRICH
S>TeRAFER LI, PPCM Z2EiRRCH T, Vi
B FS (EENEEME) HNAERADIHBERM
oz R L7c (Figure.1-7),

CathD &% & RIEK FD1HES
HERTOFC, CathD iEHE & A E BRI
RICH-THF 2R LT, PIH HERNZRWV T,
WHEHIME (r=0.763,p <0.05) . M5 BNP
(r=0.813,p <0.01), FfER+ A (r=0.666,p
<0.05), HfEfRH NA (r=0.621,p <0.10) 3%
NENEERMEER L (Figure.1-8),
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