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PREFACE

The contents of this PhD thesis are focussed on a grave form of heart failure in women that occurs
most commonly within the first two months after delivery, leaving many young mothers who survive
the initial episode morbidly ill for the rest of their lives. This condition is called peripartum
cardiomyopathy (PPCM). Whilst studying the disease (PPCM), it was often necessary to make
comparisons to its closest simulant, non-ischaemic dilated cardiomyopathy, with a special focus on
the clinical, biochemical and genetic risk factors, which were used to inform a small trial of a new

treatment modality for this condition.

This PhD in Cardiovascular Medicine was done as a 50% collaboration between the University of

Cape Town and the University of the Witwatersrand.
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ABSTRACT
Introduction: Peripartum cardiomyopathy (PPCM) is a form of unexplained heart failure associated
with pregnancy that leads to considerable morbidity and mortality. Most patients present with acute
postpartum heart failure that otherwise resembles dilated cardiomyopathy (DCM). Little is
understood about the aetiopathogenesis of PPCM, including the genetic contribution; or its
treatment. | hereby report on a comprehensive collection of studies that begins with a study of
familial DCM in PPCM, which incorporated genetic screening for mutations in the Lamin-A gene
(LMNA), known for their virulence in familial DCM, to assess their role in the development of PPCM. |
then proceeded to identify risk factors and prognostic indicators for PPCM, including those
identifiable through the electrocardiogram (ECG). Finally, given the shortage of evidence for a
treatment modality specific to PPCM, a trial of the use of Bromocriptine in the treatment of PPCM
was conducted.
Methods: Consenting prevalent and incident PPCM patients seen at two tertiary hospitals across
South Africa, were recruited, and systematic analyses done of their full clinical profiles. A small
subset of patients recruited immediately post-partum underwent a trial of Bromocriptine therapy.
Another subset of PPCM patients had their respective first degree relatives undergo full clinical
screening for DCM.

Results and Conclusion: Our findings support the notion that over a third of PPCM cases may form

part of the spectrum of familial DCM. Routine family screening may be as much merited in PPCM as
it is in DCM. The ECG appears to be a useful adjunctive tool in both screening and prognostication in
resource-poor settings. Further assessment of the prognostication of PPCM suggests that increased
LVESD, lower BMI and lower serum cholesterol at baseline may be independent predictors of poor
outcome in patients with PPCM, while older age and smaller LVESD at baseline appear to be
independently associated with a higher chance of LV recovery. In the trial reported herein, the
addition of Bromocriptine to standard heart failure therapy appeared to improve left ventricular

ejection fraction and a composite clinical outcome in women with acute severe PPCM.



ACRONYMS

Clinical terminology

AV Atrio-ventricular

BMI Body mass index

CVvD Cardiovascular disease

DCM Dilated cardiomyopathy

FDCM Familial dilated cardiomyopathy

HF Heart failure

HT Hypertension

IDCM Idiopathic dilated cardiomyopathy

LA Left atrium

Lv Left ventricle (or left ventricular)

LVEDD Left ventricular end-diastolic diameter

LVEF Left ventricular ejection fraction

LVESD Left ventricular end-systolic diameter

NYHA New York Heart Association (functional class)
PPCM Peripartum cardiomyopathy

PPCM-Br PPCM patients randomised to the group receiving standard of care

PPCM-Std PPCM patients randomised to the group receiving Bromocriptine therapy

GWAS Genome-Wide Association Studies

LMNA Lamin A gene

MYH6 a-Myosin Heavy Chain

MYH?7 B-Myosin Heavy Chain

PSEN2 Presenelin 2

SCN5A Sodium Channel Voltage-Gated Type V a-Subunit
SNP Single nucleotide polymorphism

TNNC1 Cardiac Troponin C

TNNT2 Cardiac Troponin T

ml millilitre

ms millisecond

ng nanogram

ul microlitre

rpm rates per minute (centrifuge)

NCBI National Center for Biotechnology Information
NCBI BLAST  National Center for Biotechnology Information Basic Local Alignment Search Tool
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1.1.Literature Review

1.1.1 Cardiovascular disease in Africa

Historically, sub-Saharan African societies have fought a long and difficult battle against
malnourishment and infectious disease, as the major cause of morbidity and mortality (Bradshaw et
al, 2003; Steyn et al, 2006). The impact of globalisation and growing economies has had the
additional influence of Westernising at least parts of the health profiles of these African countries
(Tibazarwa et al, 2008). However, despite sporadic observations of a rise in the burden of non-
communicable disease in these societies, there remains a paucity of data to describe the emergence

and impact of cardiovascular disease (CVD) in low to middle-income countries.

A recent report on the largest township in South Africa (Soweto) helped to address this gap by
providing novel and systematic data on the cardiovascular profiles of its population. The report
highlights how, despite a sustained epidemic of HIV/AIDS epidemic (responsible for 41% and 64% of
deaths for men and women aged 15 - 44 years, respectively), coronary artery disease, hypertensive
heart disease and stroke already account for more than a third of deaths in those aged above 65

years (Sliwa et al, 2008°?).

Apart from patients with a primary diagnosis of hypertension, most cases represented late clinical
presentation, with established heart disease with more than one cause. Overall, the four most
common diagnoses were: hypertension, heart failure, valvular heart disease and coronary artery
disease. Overall, rheumatic valvular heart disease, the cardiomyopathies and tuberculous pericardial
effusion combined, accounted for 40% of these newly diagnosed cases. On presentation, most
patients had evidence of advanced and complex disease (Sliwa et al, 2008°%). In all diagnostic groups,
the rate of common risk factors for cardiovascular disease was very high; overall, only 13% had no

risk factors, whereas 59% had several risk factors (Sliwa et al, 2008°).

12



The study provides preliminary evidence to show the effect of epidemiological transition in this
population, which face many threats to their present and future cardiac health, including a
combination of infectious and non-communicable forms of heart disease and late clinical
presentations. This mirrors the findings of its sister-study, a large-scale community-based survey and
awareness campaign that showed that, contrary to popular belief, common risk factors for
atherosclerotic heart disease are highly prevalent in the urban Black African population of Soweto
and resemble the proportions seen in Western societies, where all forms of CVD (and most

particularly, coronary heart disease) has reached epidemic proportions (Tibazarwa et al, 2008).

1.1.2 Heart Failure in Africa: A South African study representative of Africa

Historically, heart failure in tropical African countries has been attributed to infective aetiologies of
the poor, including: rheumatic heart disease, endocardial myofibrosis, tuberculous pericarditis,
cardiomyopathy (Abengowe, 1979; Antony, 2000; Mayosi, 2007,) and anaemia-induced heart failure
in areas where malaria and tuberculosis are endemic (Brown et al, 1975; Korner, 1980). The last few
decades, however, have shown hypertension rise to take the lead in causing heart failure in Sub-
Saharan Africa (Amoah et al, 2000, Sliwa et al, 2005, Mayosi, 2007). Still, heart failure and CVD from
the region remains grossly under-reported, with only two countries (Nigeria and South Africa)

accounting for the majority of Medline publications from the region.

Being the first systematic study to describe the epidemiological profile of cardiovascular disease in
sub-Saharan Africa in such great clinical detail, the Heart of Soweto Study might be considered
representative of many other African nations (Sliwa et al, 2008). Its strengths include it being the
largest such study to have attempted to do so in a predominantly disadvantaged society that
nevertheless has access to the commercial aspects of industrialisation. In this study, the most

frequent primary diagnosis was heart failure. In comparison to men, proportionately fewer women

13



were diagnosed with heart failure [OR 0-89, 0-79—-0-99]. In absolute terms, however, 112 more
women than men were diagnosed with heart failure. Of the cases of heart failure seen in this
Soweto study: a quarter had a mixed underlying aetiology; over a third had developed valvular
dysfunction; 8% had a primary diagnosis of valve disease. The three most common forms of heart
failure were the dilated cardiomyopathies (35%), which included: peripartum cardiomyopathy; heart
failure second to hypertensive heart disease (33%); and right heart failure (27%), which was
commonly associated with underlying cor pulmonale. Overall, half the patients with heart failure had
moderate to severe systolic dysfunction and just over a quarter had impaired diastolic function.
Mean left ventricular ejection fraction was: 34% in those with idiopathic dilated cardiomyopathy;
and 39% in those with ischaemic cardiomyopathy. Patients with heart failure related to underlying
hypertensive heart disease and valvular disease were most likely to have impaired diastolic function.
Almost all ECGs in patients diagnosed with heart failure had some form of abnormality, with 16%

patients having ECG evidence of left ventricular hypertrophy.

1.1.3 A focus on dilated cardiomyopathy

Having been characterised historically as a group of various forms of heart failure of “no apparent
cause”, the cardiomyopathies pose the greatest challenge of all the cardiovascular diseases in Africa,
because of: their greater prevalence in impoverished communities; the difficulty in diagnosis, which
often requires specialised cardiological investigation that is lacking in resource-poor environments;
the lack of access to effective interventions, such as heart transplantation; and the high mortality
associated with these often irreversible disorders of heart muscle (Sliwa et al, 2005). Nowadays,
cardiomyopathies are defined as diseases of the myocardium associated with cardiac dysfunction
(Richardson et al, 1996). They are classified into: dilated cardiomyopathy (DCM); hypertrophic
cardiomyopathy (HCM); restrictive cardiomyopathy; arrhythmogenic right ventricular

cardiomyopathy (ARVC); and unclassified cardiomyopathies (Sliwa et al, 2005).
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Idiopathic DCM (IDCM) is one form of DCM, comprising a clinical syndrome of heart failure
characterised by impaired systolic function and left ventricular dilatation in the absence of an
identifiable cause (Akinkugbe et al, 1991). IDCM occurs at any age (but remains more common in the
third and fourth decades of life) and men are affected twice as commonly as women (Sliwa et al,
2005). In South Africa and Uganda, DCM accounts: for up to 17% of all cardiac conditions
encountered at autopsy; and in many parts of Africa, for 17% to 48% of patients who are
hospitalised for heart failure (Sliwa et al, 2005). In the West, up to one-fifth of IDCM patients will
have familial DCM (FDCM), whereby, i.e. 15-25% of first degree relatives demonstrate IDCM at some
time in their life (McKenna et al, 1997).

Table 1. Profile of cardiovascular disease in Soweto

All (n=1593) Hypertension Heart failure Valve disease CAD (n=165) Other (n=146)
(n=310) (n=704) (n=268)
Sociodemographic profile
Age (years) 52-8(171) 58-3(153) 55-1(162) 457(182) 567 (12:4) 38-8(16:6)
Black African 1359 (85%) 265 (86%) 640 (91%) 243(91%) 77 (47%) 134 (92%)
Wamen 939 (59%) 199 (64%) 409 (58%) 179 (67%) 68 (41%) 84 (58%)
No or standard education 416 (26%) 76 (26%) 204 (31%) 69 (27%) 29 (21%) 38(27%)
Live in Soweto 842(53%) 169 (55%) 418 (59%) 126 (47%) 42 (25%) 87 (60%)
Years living in Soweto 41(27-50) 46 (35-54) 43 (30-52) 36(20-50) 44 (40-55) 28(17-39)
Risk factor profile
Positive family history 405 (25%) 67 (22%) 168 (24%) 75(28%) 60 (36%) 35(24%)
Hypercholesterolaemia* 159 (22%) 54 (38%) 45 (17%) 16 (21%) 37 (35%) 7 (20%)
History of smoking 661 (41%) 112 (36%) 327 (46%) 84 (31%) 84 (51%) 54 (37%)
Risk factors
None 209 (13%) 0 71(10%) 78(29%) 8(5%) 52(36%)
One 451 (28%) 72(23%) 203 (29%) 77 (29%) 40 (24%) 59 (40%)
More than one 933(59%) 238 (77%) 430(61%) 113 (42%) 117 (71%) 35(24%)
Clinical presentation
NYHA class lll or IV 486(31%) 84(27%) 255 (36%) 63 (24%) 32(19%) 52(36%)
Heart rate (min) 86(215) 82(192) 90 (20-3) 83(183) 77(182) 97 (37-6)
Systolic BP (mm Hg) 130(27-1) 144 (29-0) 129(261) 123(24-4) 124(271) 120(23-4)
Diastolic BP {mm Hg) 73(16-6) 78(16-8) 75(16:7) 68 (15-0) 70(13:5) 71(17-3)
Angina pectoris/chest pain 451(28%) 89 (29%) 182 (26%) 70(26%) 82 (50%) 28 (19%)
Oedema (pulmonary/peripheral) 494 (21%) 78(25%) 275 (39%) 75(28%) 35(21%) 31(21%)
Co-meorbidity
Renal dysfunctiont 115 (10%) 23 (10%) 51(10%) 20 (8%) 16 (11%) 5(5%)
Anaemia¥ 156 (13%) 30 (12%) 64 (11%) 22(12%) 7 (6%) 33(28%)
Diabetes 165 (10%) 41(13%) 66 (9%) 13(5%) 35 (21%) 10(7%)
HIV positive 74(5%) 4(1%) 35 (5%) 10 (4%) 2(1%) 23 (16%)
ECG profile§
Sinus rhythm 1321(92%) 267 (98%) 574 (90%) 222(90%) 140 (98%) 118 (93%)
Atrial fibrillation 102 (7%) 12 (4%) 48 (8%) 32(13%) 4(3%) 6(5%)
Arthythmia 487 (34%) 79 (29%) 252 (40%) 74 (30%) 31(22%) 51(40%)
Bundle block 127 (9%) 11(4%) 76 (12%) 23(9%) 11 (8%) 6(4%)
Echocardiographic profile§
Mean LVEF 530(17-4) 65:0(10-8) 457 (183) 5/-1(13-4) 516 (15-9) 618 (8-8)
Systolic heart failureq 415 (29%) 0 341 (52%) 37 (14%) 37(31%) 0
Preserved heart failure®l 373(26%) 0 316 (48%) 35(13%) 22 (18%) 0
Data are number (%), mean (SD), or median (IQR). CAD=coronary artery disease. NYHA=New York Heart Association. BP=blood pressure. LVEF=left ventricular ejection
fraction. ECG=electrocardi n. *Hyperchol mia defined as fasting total cholesterol serum concentration greater than 5.5 mmol/L (clinical data collected in
728 cases). tRenal dysfunction defined as a serum creatinine concentration greater than 160 pmol/L (clinical data in 1182 cases). +Anaemia defined as haemoglobin
concentration less than 110 g/L in men and less than 100 g/L in women (clinical datain 1185 cases). §Echocardiographic data were available in 1431 and 1433 cases,
respectively. iSystolic or preserved (diastolic) heart failure defined by the presence or absence of a left ventricular ejection fraction of 45% or less (measured on presentation
to the cardiology unit) when dinical symptoms or signs of heart failure were present.
Table: Sociedemographic and clinical profile according to primary diagnosis

[Extracted from Sliwa et al, 2008°]
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1.1.4 Peripartum Cardiomyopathy

Peripartum cardiomyopathy (PPCM) has previously been considered a variant of DCM, although
current criteria do not mandate the presence of a dilated left ventricle (Sliwa et al, 2010). PPCM is
defined as per Lampert and Lang’s (1995) modification of Demakis et al’s definition (1971), i.e.: the
development of new heart failure in the last month of pregnancy or within the first five months
post-partum, in the absence of any other determinable cause for cardiac failure and in the absence
of demonstrable heart disease prior to the last month of pregnancy; and bearing echo-
cardiographical evidence of left ventricular systolic dysfunction (Ladwig et al, 1997). Restriction to
this particular puerperal period serves to exclude pre-existing causes of cardiomyopathy that may be
exacerbated by pregnancy, rather than arise as a result of pregnancy (Ladwig et al, 1997; Pearson et
al, 2000). The vast majority of cases present within the first four months post-partum (Ladwig et al,
1997; Fett et al, 2003; Sliwa et al, 2006%), with only 10% presenting in the last month ante-partum

(Ladwig et al, 1997; Sliwa et al, 2006°).

1.1.4.1 The epidemiology of Peripartum Cardiomyopathy

The incidence reportedly varies from 1 in 3000 - 4000 deliveries in Western societies (Satpathy et al,
2008) to 1in 1000 in developing societies (Sliwa et al, 2006"°), with the highest incidence of 1 in 300
live births being reported in Haiti (Fett et al, 2005). The apparent rise in incidence across all
geographical borders is most likely due to improved awareness and diagnostic measures (Satpathy
et al, 2008). In a large African centre, PPCM was seen in 1.5% of all patients with heart failure
attending the centre during one year (Stewart et al, 2008). While studies in the USA show PPCM to
occur more in women of African descent and those aged above 30 years (Ventura, 1991), PPCM has
been reported across the world and across all ages and parities (Ladwig et al, 1997; Fett et al, 2003).

The younger age of PPCM patients in developing nations (Fett et al, 2003; Sliwa et al, 2006b) may
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reflect the younger age of the bulk of reproductive activity in developing nations. Multiple gestation
within the index pregnancy has been implicated in causing PPCM in 7-10% of women (Veille et al,
1984), while multi-parity is a more widely documented predisposing factor to the development of
PPCM (Sliwa et al, 2006"; Satpathy et al, 2008). However, recent studies have suggested that the
effect of multi-parity is far less significant in the development of PPCM (Fett et al, 2005). PPCM also

appears to occur more commonly in women who breastfeed for longer (Watkins et al, 2005).

PPCM is an important cause of mortality and chronic, debilitating morbidity that affects relatively
young women in the reproductive age group. It is the second most-common aetiology of
cardiomyopathy-related cardiac transplant in women in the United States (Habli et al, 1994); hence

it poses a considerable burden on the health, economic and other social sectors of society.

1.1.4.2 The diagnosis of PPCM

The diagnosis of apparently unexplained heart failure is based on symptoms and clinical findings in
combination with appropriate investigations, such as electro-cardiography, chest radiograph,
biomarkers and echocardiography. PPCM is a diagnosis of exclusion. However, there is no agreement
on the exclusion of pre-eclampsia. Unfortunately, the inclusion of patients with varying degrees of
gestational hypertension, in the index as well as prior pregnancies, has contributed greatly to the
discrepancy in reported characteristics of PPCM. This may also form the basis for the difference in
the puerperal time of presentation. Studies comprising greater proportions of patients with pre-
eclampsia, and of greater severity, tend to have far greater concentrations of PPCM cases presenting
in the last month of pregnancy (Sliwa et al, 2006% Duran et al, 2008; Sliwa et al, 2011). In contrast,
studies that have attempted to minimize the inclusion of patients with pre-eclampsia to milder
forms show a clear post-partum peak in the presentation of PPCM, with reported onset of symptoms

most commonly being 2-62 days post-partum (Satpathy et al, 2008; Fett et al, 2005).
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Symptoms of PPCM

PPCM often presents with acute onset of heart failure. The presentation, with reduced cardiac
output, tissue hypo-perfusion, increase in the pulmonary capillary wedge pressure and tissue
congestion, is often life-threatening and requires urgent treatment. Most patients report severe
shortness of breath of the order NYHA-FC Il — IV (Sliwa et al, 2008?), presenting with: lower limb

swelling; some with right upper quadrant pain; as well as other symptoms of acute heart failure.

Signs of PPCM

Most patients will manifest grade Ill — IV functional class by being overtly tachypnoeic in the clinic or
hospital room. Systematic clinical assessment of the peripheral circulation, venous filling and
peripheral temperature are important. Most patients (Lee, 1991) have a mild resting tachycardia
(Tibazarwa et al, 2010). Blood pressure averages are usually normal, with larger prospective studies
reporting mean systolic and diastolic blood pressure of 113+19mmHg and 75+12mmHg, respectively
(Sliwa et al, 2011). Bedside examination often suggests a dilated cardiomyopathy in the lateral
and/or downward displacement of the apex, with dyskinetic apex and sometimes palpable gallop
rhythm (Talley et al, 2006). Arterial blood gas and pulse oximetry are important in a first assessment

of the severity of respiratory insufficiency.

Complications of PPCM

Thromboembolic complications are common (Lee, 1991; Liakakos et al, 2009; Dresang et al, 2008).
Often these will manifest in the form of pulmonary embolism and stroke, usually resulting from
embolised mural thrombi in the dilated myopathic chambers of the heart. Rarely, this has
culminated in embolic retinal artery occlusion that caused acute onset of unilateral blindness in the
patient with PPCM (Liakakos et al, 2009). Bearing in mind that pregnancy itself potentiates a state of
hyper-coagulability (Dresang et al, 2008), the added risk in PPCM is a major concern. Although anti-

coagulation has been recommended in PPCM patients with left ventricular ejection fractions of less
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than 35% (Lata et al, 2009), there remains no systematic data to support this practice for PPCM or
for other forms of left ventricular dysfunction in sinus rhythm (Hirsh et al, 2003). As with other forms
of cardiomyopathy, arrhythmias are a common complication of PPCM and are further described

below.

Routine biochemical tests

The full blood count is usually normal (given that significant anaemia has been excluded as a
separate potential cause of heart failure), with normal electrolytes and bio-markers of renal
function. In advanced cases, congestive cardiac failure will cause renal insufficiency and a pre-renal
biochemical profile. Most patients have normal liver function tests. In PPCM patients with abnormal
liver function tests, this often represents the acutely congested liver; and manifests as raised
canalicular enzymes, with only slightly raised transaminases. While older studies suggested micro-
nutrient deficiency could play a role in the development of PPCM (Ventura, 1991), many of these
were smaller descriptive studies. Since then, a comparative study on a larger series of PPCM patients
has shown micro-nutrient deficiencies not to differ significantly between cases and controls (Fett et
al, 2003). The micro-nutrients included selenium, vitamins A-, B12-, C-, and E-, as well as beta-
carotene (Fett et al, 2003). Hence these tests are no longer considered necessary in the diagnostic

work-up of patients with PPCM.

To date, many centres in developing countries have considered HIV serology to be an important
baseline investigation, as HIV-positivity formed an exclusion criteria for clinical studies in the face of
HIV-associated cardiomyopathy bearing clinical resemblance to PPCM. However, novel data report
that patterns of left ventricular function and mortality were similar between PPCM patients with and

without HIV co-infection (Sliwa et al, 2011).
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Urine samples need to be assessed for albumin and other proteinuria, as an essential means of
excluding pre-eclampsia. While a proteinuria presence helps to confirm the diagnosis of pre-

eclampsia, its absence does not exclude it.

The electrocardiogram in PPCM

The vast majority of patients present in sinus rhythm (Elkayam et al, 2001), although little else has
been reported on the occurrence of other common electrocardiographic abnormalities in PPCM.
Arrhythmias in PPCM occur as with cardiomyopathies and heart failure in general (Tibazarwa et al,
2009) and include: atrial fibrillation, frequent premature ventricular systoles, ventricular tachy-
arrhythmias, and bundle branch block (Lamparter et al, 2007) - the latter occurring more frequently
among chronic cases (Duran et al, 2008). While ventricular arrhythmias have been reported in up-to
one-fifth of patients thought to have PPCM (Diao et al, 2004), one of the few comparative studies
showed the more life-threatening complex ventricular arrhythmias to occur almost as often in PPCM
(60%) as in its closest variant, idiopathic dilated cardiomyopathy (76% of patients) (O’Connell et al,
1986). Another study suggests that subsequent pregnancy in PPCM patients might result in
deterioration of ventricular arrhythmias through various mechanisms, including triggering
premature ventricular extra systoles as the cardiomyopathy worsens in subsequent pregnancy
(Yamada et al, 2009). This arrhythmic deterioration is thought to either precede (and hence
facilitate) further decompensation of heart failure, or else to be triggered by already worsening left
ventricular dysfunction in asymptomatic patients (Yamada et al, 2009). Furthermore, they suggest
that ventricular arrhythmias occurring in the acute phase of PPCM are likely to improve with left
ventricular recovery, whereas those in patients not recovering will more likely require intervention

(Yamada et al, 2009).

Radiological findings in PPCM

Chest Roentgenogram
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Typically, the chest x-ray will show cardiomegaly, pulmonary congestion (including upper lobe
diversion and Kerley-B lines) and, occasionally, right-sided pleural effusion, in keeping with more

severe congestive cardiac failure.

Echocardiography

Echocardiography has become the mainstay for definitive diagnosis of PPCM. Diagnosis requires
echocardiographic evidence of left ventricular systolic dysfunction (ejection fraction < 45%) (Sliwa et
al, 2008°). Echocardiography allows for visual estimations of global and regional cardiac chamber
function to assess systolic and diastolic function, thrombotic complications of PPCM, as well as to
exclude other organic heart disease. While most reports document elevated left ventricular end-
diastolic diameters (LVEDD) in PPCM (averaging 6cm in most studies), not all patients will present
with dilated left ventricles. Hence the current definition of PPCM does not mandate the presence of

left ventricular dilatation.

Magnetic Resonance Imaging (MRI)

Over the last few years, MRI has received increasingly favourable attention in the evaluation of
patients with PPCM. This is due to the ability to elicit the presence of myocardial fibrosis using late
enhancement imaging in cardiac MRI with a marker of the persistence of left ventricular dysfunction
(32). Given the poor understanding of the pathophysiology of PPCM and the conflicting data on
myocarditis as the causative process, there has been hope that cardiac MRI would also help to clarify
pathogenetic mechanisms. Further attributes of cardiac MRI are its ability to assess myocardial
kinesia and ejection fraction, and view the shapes, size and contents of the cardiac chambers
through the use of cine cardiac MRI (Marmursztejn et al, 2009). One study of over 1000 consecutive
patients with heart failure assessed eight women considered to have PPCM, yet found: no specific
pattern of PPCM on cardiac MRI; no late enhancement; and no difference in MRI features between

patients recovering within the first two years and those who failed to recover systolic function
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(Mouquet et al, 2008). However, the PPCM sample size was small, making more research

mandatory.

Cardiac Catheterisation

As with other forms of heart failure, in patients with PPCM cardiac catheterisation and angiography
remains the gold standard for the determination of systolic function. Yet few systematic reports of
PPCM have conducted haemodynamic studies; those existing having shown decreased cardiac

output and high filling pressure, but normal coronary arteriograms (Ventura, 1991).

1.1.4.3 The immunology of PPCM

Increasingly, studies have suggested myocarditis to be a key pathogenetic process in the
development of PPCM (O’Connell et al, 1986; Melvin et al, 1982; Midei et al, 1990; Sanderson et al,
1979). Endomyocardial biopsies have strongly supported this theory (O’Connell et al, 1986), as has
the demonstrable clinical and histological improvement of PPCM patients on immuno-suppressive
therapy (O’Connell et al, 1986), such as prednisone and azathioprine (Melvin et al, 1982). The
specific aetiology of the underlying myocarditis remains to be confirmed. For many years, the
enhanced suppressor cell activity during pregnancy was thought to predispose pregnant women
exposed to cardiotropic viruses to more severe forms of viral myocarditis (O’Connell et al, 1986).
Common pathogens implicated include Coxsackie and encephalo-myelocarditis viruses (O’Connell et
al, 1986), as well as Parvovirus B 19 (Kuhl et al, 2005). Adenovirus, HSV-6, EBV, and CMV DNA have
been isolated in endomyocardial biopsies of PPCM patients (Ramaraj et al, 2009). However,

myocarditis could simply reflect the immune response from any other form of myocardial damage.

In essence, the molecular components of the inflammatory process in PPCM have been found to be

very similar to that of idiopathic dilated cardiomyopathy, with elevated tumour necrosis factor alpha
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(TNF-) and C-reactive protein (CRP) and (in particular) persistently raised leukocyte cytokines despite

treatment (Watkins et al, 2009).

The above-mentioned aetiology is not restricted to PPCM, but may form the basis of a variety of
dilated cardiomyopathies. First, the prevalence of myocardial inflammation in PPCM appears to be
similar to that of age-matched patients with idiopathic dilated cardiomyopathy (Rizeq et al, 1994)
and has thus far failed to predict outcome in PPCM (Felker et al, 2000). Secondly, viral clearing has
been associated with clinical improvement in both PPCM and idiopathic dilated cardiomyopathy
(Sliwa et al, 2006°). Unique to PPCM, however, are certain immune activation processes, such as the
finding of elevated levels of the apoptotic marker Fas/Apo-1, which predicts mortality (Sliwa et al,
2006°) and is considered causative (Sliwa et al, 2006°). Class G3 immunoglobulins (Lamparter et al,
2007; Wairraich et al, 2005), which act against cardiac myosin (Sliwa et al, 2006b), bear the sub-class
IgG3. This 1gG3s sub-class has pro-inflammatory characteristics and may be associated with higher
NYHA-FC at presentation (Wairraich et al, 2005). While idiopathic dilated cardiomyopathy
demonstrates highly selective up-regulation of the IgG3s sub-class of G3 immunoglobulins, the
humoral response in PPCM is not sub-class-restricted, with class G and all sub-class immunoglobulins
being raised in PPCM (Wairraich et al, 2005). Sliwa et al identified increased plasma levels of the
inflammatory cytokine tumour necrosis factor (TNF) a, C-reactive protein and a plasma marker of
apoptosis, Fas/Apo-1 in a large population of newly diagnosed patients with PPCM (2006° and
2006°). Furthermore, C-reactive protein levels on presentation demonstrate linear correlations with
left ventricular end-diastolic, end-systolic diameters and, inversely, with left ventricular ejection
fraction (Sliwa et al, 2006%). Given the ethnic variations in serum levels of C-reactive protein, it was
therefore proposed that an increase in the intensity of an inflammatory response could be one of

the many factors contributing to the development of PPCM (Sliwa et al, 2006°).

Ground-breaking data on the pathogenesis of PPCM emerged in recent reports of enhanced

oxidative stress in a mouse model for PPCM (i.e. mice with a cardiac-specific deletion for signal
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transducer and activator of transcription-3 [STAT 3]) being the trigger for activation of cathepsin D.
Cathepsin D is a ubiquitous lysosomal-enzyme that subsequently cleaves serum prolactin into its
anti-angiogenic and pro-apoptotic 16-kDa form(Hilfiker-Kleiner et al, 2007°).The presence of this
shorter aberrant form of prolactin was associated with endothelial inflammation, impaired
cardiomyocyte metabolism, reduced myocardial contraction and increased apoptosis. This suggested
that oxidative stress, inflammation and prolactin maybe inter-connected and responsible for
initiating PPCM. Similar evidence of increased oxidative stress, enhanced cathepsin D activity and
increased prolactin cleavage has been shown in patients with acute PPCM (Hilfiker-Kleiner et al,
2007°), who had higher levels of circulating serum 16-kDa prolactin. This led this research group to
consider new treatment options in PPCM by using Bromocriptine to block prolactin further

upstream.

1.1.4.4 The genetics of PPCM

Only a few studies have assessed the genetics of peripartum cardiomyopathy (Ventura, 1991; Pierce
et al, 1963), with the occurrence of PPCM in twins having been reported by Constanzo-Nordin et al
(Constanzo-Nordin et al, 1989). Most recently, two studies conducted in Western societies
demonstrated familial disease and went further to suggest that: a sub-set of PPCM patients may in
fact be familial IDCM (FDCM) presenting in pregnancy (Van Spaendonck et al, 2010; Morales et al,
2010); while a smaller sub-set may be due to sporadic mutations (Morales et al, 2010). This was
after their demonstration of genetic mutations similar to those found in FDCM among their recruited
PPCM patients. Specifically, mutations found in patients with familial disease: were on TNNC1 of the
troponin C gene (Van Spaendonck et al, 2010), as well as MYH7, SCN5A and PSEN2 (Morales et al,
2010); while MYH6 and TNNT2 mutations were found in patients with sporadic disease (Morales et
al, 2010). Interestingly, the Lamin A/C mutation (considered the most virulent among patients with

FDCM, due its phenotype of aggressive heart failure, arrhythmia and high mortality (Taylor et al,
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2003), was not found in either of these PPCM studies. However, the small sample sizes and
retrospective nature of identifying PPCM patients may have limited the spectrum of PPCM patients
recruited for genetic studies - one study recruited patients from known families with FDCM. For
example, PPCM patients bearing the LMNA/C mutation may have died before the onset of their

study period.

Polymerase chain reaction testing has been recommended in assessing the role of cardiotropic
viruses in inflammatory cardiomyopathies such as PPCM; and not just in endomyocardial biopsy
tissue, but possibly also in the study of peripheral blood samples, particularly for IgM detection

during the viraemic phase (Fett et al, 2008°).

Persistent microchimerism has been implicated in the aetiopathogenesis of PPCM (Ansari et al,
2002). This is the presence of foetal cells in maternal circulation, which can be investigated through
the demonstration of foetal male chromosomal DNA in maternal plasma within a narrow period
from term pregnancy to a few days post-partum (Fett et al, 2003). This test remains to be validated
in the evaluation of PPCM. However, high levels of foetal microchimerism in mono-nuclear cells has
been found in PPCM patients bearing high titres of auto antibodies; these levels of foetal
microchimerism being significantly higher than in control non-PPCM mothers during the third
trimester of pregnancy, at term, and in the first week post-partum (Ansari et al). Most of these auto-
antibodies happen to target human cardiac tissue proteins of 37kD, 35KD and 25kD (Ramaraj et al,
2009; Lamparter et al, 2007), leading to auto-immune myocarditis (Sliwa et al, 2006°; Lamparter et

al, 2007). This emphasises the need to facilitate detection tools for foetal microchimerism.

The pro-apoptotic gene Nix or Bnip3 has been considered a possible precipitant of apoptosis in
PPCM and heart failure in vitro (Hilfiker-Kleiner et al, 2008). Up-regulation of Bnip3: was also
observed in postpartum ventricular tissue of mice with a cardiomyocyte-specific deletion of the
signal transducer and activator of transcriptin-3 (STAT3, STAT3-KO mice); and was associated with a

high degree of myocardial apoptosis (Hilfiker-Kleiner et al, 2007°).

25



1.1.4.5 Prognosis

Local data (Johannesburg)

Our research unit studied a large cohort of PPCM patients and described a pro-inflammatory
response in PPCM patients with: elevated plasma levels of TNF-alpha, Fas-Apo-1, Interleukin-6 (IL-6)
(Sliwa et al, 2002); and a positive correlation between C-reactive protein (CRP) levels, left ventricular
(LV) end-diastolic and end-systolic diameters at the time of diagnosis (Sliwa et al, 2006°). A potential
causative effect of a cascade involving enhanced oxidative stress, subsequent activation of cathepsin
D and cleavage of serum prolactin in an anti-antigenic, pro-apoptotic and pro-inflammatory 16-kDa
form on the development of PPCM was later postulated by members of the collaborative research
group (Hilfiker-Kleiner et al, 2007°; Tabruyn et al, 2007). Moreover, they recently reported a positive
correlation of this cascade in PPCM patients who failed to recover within a six-month follow-up
(Forster et al, 2008), suggesting that oxidative stress, inflammation and prolactin may all be inter-

connected in a vicious cycle of events responsible for initiating and progressing PPCM.

The first prospective report of the long-term outcome of a large series of PPCM patients in Africa
was also conducted by the same research team; it provided much needed data on the “natural
history” of PPCM patients who received only standard heart failure treatment. At baseline, this
cohort had a mean age of 3017 years; with one-third being primigravid women and a similar
proportion being co-infected with HIV. AlImost 90% of patients presented with: NYHA functional class
I1I-IV; the mean left ventricular ejection fraction (LVEF) was 30£9%. The two-year mortality rate was
28%. Contrary to what most other Western studies have reported, only a minority of these (10%)
died by six months. Interestingly, the novel finding of this study was not only the continuous high
mortality of PPCM patients occurring beyond six months independent of HIV infection and
subsequent pregnancy, but also the high number of patients who delayed or failed to recover their
ejection fractions, with the earliest evidence of recovery being at 18 months. Of patients still

enrolled at 6 months, 20% died over the remaining 18-month period, despite functional recovery.
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Mean LVEF of surviving patients was: 44111% at six-months, 46+13% at 12-month follow-up and
50£14% at 24-month follow-up [see Figure 1]. This finding strongly encourages the need for long-

term clinical follow-up and management of women with PPCM.

Figure 1: Trend in %LVEF with time in PPCV;
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1.1.4.6 Summary of global data on prognosis of PPCM

Recovery from PPCM has often been limited to achievement of left ventricular ejection fraction
above 50% (Fett et al, 2005 and 2009°), while the term “full recovery” in PPCM has been considered
to be achievement of both NYHA-FC | and left ventricular ejection fraction above 50% (Fett et al,

2005; Duran et al, 2008).

Historically, most studies have suggested that full recovery of left ventricular function occurs in up-
to 50% of patients (Pearson et al, 2000; Elkayam et al, 2001; O’Connell et al, 1986; Forster et al,
2008). Larger and more recent prospective studies of patients from lower and middle-income
cohorts suggest; only a quarter will fully recover by the end of the first six months (Fett et al, 2005;
Duran et al, 2008); while 10-15% will die by six months (Sliwa et al, 2006® and 2009). Long-term

prospective outcome studies have shown overall recovery in a quarter of all PPCM patients, the vast
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majority of these being achieved only 18 - 24 months after diagnosis (Sliwa et al, 2011; Forster et al,
2008). Long-term overall mortality rates in Haiti, Turkey and South Africa are estimated at 15% (Fett
et al, 2005) to 30% (Duran et al, 2008; Sliwa et al, 2009%), with average death occurring: at 54+41
months in one study (Duran et al, 2008); but within the first couple of months in another study (Fett
et al, 2005). This is markedly higher than the mortality rates of 0 - 6% (Lamparter et al, 2007; Brar et
al, 2007; Mielniczuk et al, 2006; Felker et al, 2000) and 9% (Elkayam et al, 2001) reported in the
United States. Interestingly, two of these United States studies demonstrate low mortality rates of
0% (Lamparter et al, 2007) and 6% (Felker et al, 2000), despite the high prevalence of myocarditis
within their PPCM cohorts (of 50% (Felker et al, 2000) and 29% (Lamparter et al, 2007), respectively).
Felker et al’s cohort from the United States further showed PPCM to have a far better prognosis

than all other forms of cardiomyopathy (2000).

Earlier studies consistently showed a greater chance of survival in patients with higher ejection
fractions and smaller left ventricular end-diastolic diameters at baseline (Sliwa et al, 2006,
O’Connell et al, 1986). The suggested cut-off values for left ventricular dimensions that predict a
favourable outcome at six months after first presentation are: >27% for the ejection fraction; and
<5.5cm for the end-diastolic diameter (Duran et al, 2008). Strikingly, recent data imply that the
impact of baseline and six-month left ventricular dimensions and function in predicting outcome falls
away among chronic PPCM patients, i.e. those who failed to recover fully by six months (Fett et al,
2005 and 2009°). These long-term outcome studies present a consistent message that the natural
history of PPCM goes far beyond what the six-month prognoses were suggesting in earlier years.
They show that while a minority of only 25% of PPCM patients will recover, the vast majority of

these will only do so from 18 to 24 months onwards.

Perhaps inclusion criteria that strictly excludes pre-existing cardiovascular disease (such as pre-
eclampsia) applied in some of the more recent prospective studies of PPCM has facilitated this

revelation, which further strengthens the theory that the higher rates of rapid recovery in earlier
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studies could possibly be attributed to reversible effects of gestational hypertension. However, it
may remain true that inherent differences in socio-genetic predisposition of PPCM patients in the
United States (Elkayam et al, 2001; Felker et al, 2000) and in less developed societies (Sliwa et al,

2009°% Fett et al, 2005; Duran et al, 2008) account for the better prognosis in the former group.

Consistent among studies of PPCM is the high risk of relapse with subsequent pregnancy (Elkayam et
al, 2001; Sliwa et al, 2004), with remarkable levels of mortality post-partum, alongside a strong
association between TNF-a and deteriorating left ventricular function (Sliwa et al, 2004). A recent
publication by Forster at al (2008) in an African cohort showed that a significantly higher baseline
NT-proBNP and failure to decrease oxLDL, IFN-gamma and prolactin were all associated with poor
outcome in patients with newly diagnosed PPCM,; this suggests a potential role of these factors in
the pathophysiology of PPCM and allows for further exploration of target substances for monitoring

and treatment programmes.

1.1.4.7 Therapy in PPCM

So far, medical management and therapy of patients with PPCM has been similar to other forms of

heart failure, with detailed reviews having been attempted (Sliwa et al, 2008").

Administration of diuretics is indicated in the presence of symptoms secondary to fluid retention,
whereas ionotropic agents are recommended in the presence of peripheral hypo-perfusion
(particularly hypotension and decreased renal function). Temporary mechanical circulatory
assistance should be used in patients with acute heart failure who are not responding to
conventional therapy. Generally favourable outcomes have been attributed to the young age of
recipients and to the relatively short duration of heart failure, resulting in minimal end-organ
damage. Conventional pharmacological therapy with angiotensin-converting enzyme inhibitors or

angiotensin receptor blockers (and, if haemo-dynamically stable, beta-adrenergic blockers) are
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effective in the treatment of PPCM. Because of the potential hazardous effects on the foetus,
hydralazine (with or without additional nitrates) should replace ACE-inhibitor use during pregnancy.
Digitalis, an inotropic agent, is also safe during pregnancy and may help to maximize contractility
and rate control. However, its use requires close monitoring of the patient, which may prove difficult

in low-resource environments.

Cardiac transplantation has been performed successfully in PPCM patients. Given the potentially
inflammatory nature of PPCM with up-regulated inflammatory cytokines, such as TNF-alpha, IL6 and
Fas-Apo-1, there may be a role for immuno-modulatory therapy. A prospective study of 59
consecutive women reporting with PPCM reported a significant reduction in TNF-alpha and
improved outcome in patients receiving the immuno-modulating agent pentoxifylline in addition to

conventional therapy (that included ACE-inhibitors and beta-blockers) (Sliwa et al, 2002).

However, further research into the pathogenetic mechanisms of PPCM by Hilfiker-Kleiner et al
(2007°) revealed the co-existence of systemic oxidative stress and significantly higher prolactin levels
in patients with PPCM; this supports the notion of the previously published concept that oxidative
stress-mediated prolactin cleavage into its detrimental 16kDa form is crucial for the initiation of
PPCM and subsequently for the release of inflammatory cytokines. This suggests that inhibition of
prolactin with Bromocriptine may prevent a prolonged inflammatory response via activation and
perpetuation of the inflammatory cascade. A recent pilot study in newly diagnosed PPCM patients
suggested that this process can be ameliorated or even abolished by administering the prolactin

inhibitor Bromocriptine (Sliwa et al, 2009°).
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Figure 2: Development of peripartum cardiomyopathy in the mouse model: The STAT3-oxidative stress-cathepsin D-16 kDa cascade.

By knocking out STAT 3 in the cardiomyocyte, the expression of the oxygen radical scavenger manganese sodium dismutase (MnSOD) is
attenuated. As a consequence, reactive oxygen species (ROS) accumulate and promote the release of matrix metalloproteinases (MMPs)
and the production of active cathepsin-D (CD) from the cardiomyocyte. Prolactin is produced by the pituitary gland and cardiac fibroblasts.
CD and MMPs cleave this 23kDa full-length form into its 16kDa form. In cardiomyocytes, this leads to affected function and endothelial
cells react with vaso-constriction, apoptosis, inflammation and dissociation of capillary structures, which display peripartum
cardiomyopathy. The blockage of systemic and local prolactin release by Bromocriptine prevents the generation of 16 kDa prolactin,
thereby preventing this fragment’s detrimental effects on endothelial cells and cardiomyocytes.

[Extracted with author’s permission from Selle et al, 2009.]

1.1.4.8 Challenges to improving the diagnosis and prognosis of PPCM in Africa

The lack of uniformity in case definitions of PPCM may result from clinicians differing in opinion
about what constitutes an alternative cause of heart failure in patients evaluated for the diagnosis of
PPCM; and it is also fuelled by the shortage of large studies for this rare disease. Confounding the
issue are studies comparing PPCM patients with various levels of gestational hypertension to those

who are hypertension naive.

In an attempt to address this deficit, the American College of Cardiology (ACC) guidelines now
classifies PPCM as an entity on its own (Maron et al, 2006), while the European Society of Cardiology

(ESC) has taken active measures towards this process (Sliwa et al, 2010). To benefit from the success
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in recognizing PPCM as a disease on its own, awareness of PPCM must be raised amongst clinicians
and across societies, as this has been shown to contribute significantly to delayed diagnosis and
under-reporting of PPCM (Sliwa et al, 2008b; Deneux-Tharaux, 2005). This will have a great impact in
developing societies, where levels of awareness of cardiovascular disease are disproportionately
lower than the actual prevalence of cardiovascular disease (Sliwa et al, 2008°%) and particularly so in

Africa (Tibazarwa et al, 2008) - and more so in the case of PPCM.

The plight of poverty-related infectious disease has over-ridden many African countries’ ability to
pay sufficient attention to heart failure. Despite the greatest burden of heart failure in Africa caused
by two infectious disease, rheumatic heart disease and tuberculous pericarditis (Sliwa et al, 2005),
inequitable access to facilities permitting the definitive diagnosis and management of these patients
has contributed to the paucity of research data on the epidemiology of the many various forms of
heart failure in sub-Saharan Africa. To date, no population-based epidemiological studies on PPCM in
Africa have been published (Mayosi, 2007). Like idiopathic dilated cardiomyopathy, PPCM is a
diagnosis of exclusion. To confirm that the case fits the definition, Lampert et al (2005) mandate the
use of sophisticated echocardiography. The exhaustive requirements for serological tests, imaging
and, in more mature women, cardiac catheterization to exclude coronary artery disease, falls
beyond the capacity of most tertiary health centres in sub-Saharan Africa. Patients in rural areas
continue to suffer grossly inequitable access to health facilities capable of even the most basic of
these investigations. Recently, however, joint efforts to increase global awareness of the burden of
cardiac disease in Africa has, to some extent, facilitated access to practical solutions, such as
partially-subsidized portable echocardiography equipment and regional sharing of laboratory

services for the rarer disease tests.

Across the world, a major challenge to clinicians remains the gross overlap between clinical features
of PPCM and the dyspnoea, fatigue and pedal oedema of normal pregnancy (Tibazarwa et al, 2010;

Sliwa et al, 2008"; Lata et al, 2009; Abboud et al, 2007). In this regard, recent studies have suggested
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adoption of the ECG as a simple screening tool for PPCM (or at least for heart failure) in women
presenting peripartum with symptoms and signs resembling those of PPCM, particularly shortness of

breath and fatigue.

Globally, the gap in available data on PPCM remains vast and the shortage of long-term outcome
studies is also evident. We are only aware of seven long-term outcome studies (Fett et al, 2005;
Habli et al, 2008; Duran et al, 2008; Sliwa et al, 2009°; Elkayam et al, 2001; Amos et al, 2006; Fett et
al, 2009), two of which were retrospective in nature (Habli et al, 2008; Amos et al, 2006). Much of
the gaps in the literature should be overcome with new research into the aetiology of PPCM and also

by the creation and use of registries (Damasceno et al, 2007).
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Peripartum cardiomyopathy (PPCM) is a form of heart
failure that occurs in women within 1 month of pre-
delivery and 5 months postdelivery. Echocardiography
demonstrates features of cardiomyopathy with impaired
ejection fraction; global dilatation and thinned-out
walls are sometimes present. The symptoms and signs
of PPCM are similar to those in patients with idiopathic
dilated cardiomyopathy. The acute form of PPCM is a
clinical syndrome, with reduced cardiac output, tissue
hypoperfusion, and increase in the pulmonary capil-
lary wedge pressure. Monitoring of the patient with
the acute form of PPCM should be initiated as soon as
possible. The types and levels of monitoring required
for an individual patient vary widely depending on the
severity of the cardiac decompensation and response
to initial therapy. The syndrome carries a high morbid-
ity and mortality, and diagnosis is often delayed. This
review summarizes recent data charting the incidence,
recent advances in the understanding of the patho-
physiology of PPCM, and outlines the current treatment
options available.

Introduction

Peripartum cardiomyopathy (PPCM) is defined as a dis-
order of unknown pathogenesis, in which left ventricular
dysfunction and symptoms of heart failure are present
and occur between the last month of pregnancy and the
first 5 months postpartum. By definition, PPCM occurs
in the absence of an identifiable cause of heart failure
and in the absence of recognizable heart disease prior
to the last month of pregnancy [1,2¢]. Some authors
go beyond this defined time frame to include patients
diagnosed with heart failure as early as 3 months of

pregnancy [3e]. Diagnosis requires echocardiographic
evidence of left ventricular systolic dysfunction (ejec-
tion fraction < 45%) [4]. Heart failure that occurs in
earlier pregnancy may be caused by previously unsus-
pected familial or other forms of cardiomyopathy that
(unmasked by the hemodynamic and hormonal stress of
pregnancy) forms a different entity. Diagnosis of PPCM
should be established by ruling out other causes of
perinatal heart failure, such as infectious diseases, met-
abolic disorders, and ischemic or valvular heart disease.
Complications of late pregnancy that may have similar
symptoms and signs to PPCM include pre-eclampsia,
amniotic or pulmonary embolism, hemolysis, elevated
liver enzymes, and low platelets [5].

The American College of Cardiology (ACC) guide-
lines classify PPCM as an entity of its own [6]. However,
in the recently published European Society of Cardiol-
ogy classification [7], PPCM is not listed as a specific
disease and is placed under the category of “unclassified
cardiomyopathies.” The more recently described cardio-
myopathies, such as left ventricular noncompaction
and Takotsubo cardiomyopathy, for which little of their
pathogenesis is known, have been listed as “unclassified
cardiomyopathies” [7], which promote ongoing interest
and research into these conditions. Because gynecolo-
gists, physicians, and cardiologists have little awareness
of PPCM, the condition is not diagnosed quickly and
often leads to unnecessary morbidity and mortality. A
recent publication by Deneux-Tharaux et al. [8] high-
lights the underreporting of pregnancy-related mortality
in the United States and Europe. The study clearly shows
the limitations of maternal mortality statistics based
on the International Classification of Diseases cause of
death codes.

Epidemiology of PPCM

PPCM is most common in women of African descent
[2¢,9], but it has been reported in all major ethnic popu-
lations. The incidence varies from 1:100 to 1:10,000
between geographic regions. Due to diagnostic limita-
tions, including limited access to echocardiography, the
incidence in some areas may be overestimated.
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Figure 1. Proposed mechanism that possibly
contributes to pathogenesis of peripartum
cardiomyopathy (PPCM).
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Etiology and Pathogenesis

There is considerable controversy regarding the etiology of
human PPCM, but a number of recent publications have
contributed to better understanding of its pathogenesis
[10,112,12,13]. A number of mechanisms have been pro-
posed in the development of PPCM, including nutritional
deficiencies, genetic disorders, viral or autoimmune eti-
ologies, hormonal imbalances, volume overload, alcohol,
physiologic stress of pregnancy (Fig. 1), and unmasking of
latent idiopathic dilated cardiomyopathy (DCMO) [2e].
However, none of these mechanisms have been confirmed
in detailed investigations or prospective studies [14]. The
rare incidence of PPCM and the paucity of relevant animal
models have limited guided research and understanding
of the pathogenic mechanisms involved. Several authors

have suggested that multiparity may be a risk factor for
PPCM. However, a study by Elkayam et al. [3¢] does
not support this theory within their cohort in the United
States because almost 40% of the cases occurred in asso-
ciation with a first pregnancy and more than 50% within
the first two pregnancies.

Clinical Presentation and Diagnosis

Features of a normal pregnancy include an expansion of
blood volume, an increase in metabolic demands, relative
anemia, and changes in vascular resistance that are asso-
ciated with mild ventricular dilatation and an increase
in cardiac output. These physiologic changes are due to
an increase in preload and heart rate accompanied by a
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decrease in afterload. Decompensation of patients with
subclinical valvular, ischemic, or myopathic heart dis-
ease usually occurs during the second or third trimester
of pregnancy. The onset of PPCM can be easily missed
because many symptoms and signs of pregnancy and post-
pregnancy stages are similar to those of early congestive
heart failure (CHF) (eg, dyspnea, abdominal discomfort,
and fatigue) [15]. Elkayam et al. [3¢] reported that 7% of
their patients in the United States were diagnosed within
1 month before delivery, whereas 75% were diagnosed
during the first month postpartum, the remainder hav-
ing fulfilled criteria for PPCM before the last 1 month
of pregnancy. In contrast, patients in South Africa and
Haiti developed symptoms almost exclusively within the
postpartum period [16,17]. The symptoms and signs are
similar to those in patients with idiopathic DCMO. Echo-
cardiography usually demonstrates features of DCMO
with impaired ejection fraction, often global dilatation,
and sometimes thinned-out walls.

PPCM often presents with acute onset of heart failure
(AHF). The presentation, with reduced cardiac output,
tissue hypoperfusion, increase in the pulmonary capillary
wedge pressure, and tissue congestion, is often life threat-
ening and requires urgent treatment. The diagnosis of AHF
is based on symptoms and clinical findings in combination
with appropriate investigations, such as electrocardiogra-
phy, chest radiograph, biomarkers, and echocardiography.
Systematic clinical assessment of the peripheral circulation,
venous filling, and peripheral temperature are important.
Right ventricular filling in decompensated heart failure may
be evaluated from the central jugular venous pressure. Cau-
tion is necessary in the interpretation of raised measures
of central jugular venous pressure in AHF, as it may be a
reflection of decreased venous compliance together with
decreased right ventricular compliance [18]. Left-sided car-
diac filling pressure is assessed by chest auscultation, with
the presence of wet rales in the lung fields usually indica-
tive of raised pressure. The confirmation, classification of
severity, and clinical follow-up of pulmonary congestion
and pleural effusions should be done using chest radio-
graph. Cardiac palpation and auscultation for ventricular
and atrial gallop rhythms (S,, S,) and an electrocardiogram
should be performed.

Chest radiograph and other imaging modalities should
be conducted early for all patients with AHF to evalu-
ate pre-existing chest or cardiac conditions and to assess
pulmonary congestion. They are used for confirmation of
the diagnosis and monitoring response to therapy. Chest
radiograph allows the differential diagnosis of left-sided
heart failure from inflammatory or infectious lung disease.
A chest CT scan with or without contrast angiography and
scintigraphy may be used to clarify pulmonary pathology
and diagnose major pulmonary embolism [18].

A number of laboratory tests should be used in all
patients with PPCM presenting with AHF: full blood count,
urea and electrolytes, C-reactive protein (CRP), blood glu-

cose, D-dimer, creatine kinase-MB (CKMB), and cardiac
troponin T (¢InT). In severe heart failure, international
normalized ratio (INR) and arterial blood gas should also
be performed. Transaminases, urinalysis, and plasma B-
type natriuretic peptide (BNP) or N-terminal pro-B-type
natriuretic peptide (NTproBNP) can be considered. Arterial
blood gas analysis allows assessment of oxygenation (pO,),
respiratory adequacy (pCO,), acid base balance (pH), and
base deficit, and should be performed in all patients with
severe heart failure. Noninvasive measurement with pulse
oximetry and end-tidal carbon dioxide (E,CO,) can often
replace arterial blood gas analysis, but not in very low output
vasoconstricted shock states [19]. BNDP is released from the
cardiac ventricles in response to increased wall stretch and
volume overload and has been used to exclude or identify
CHEF in patients. NTproBNP has been found to be elevated
in patients with PPCM presenting with AHF [12].

Echocardiography is an essential tool for evaluat-
ing the functional and structural changes underlying or
associated with AHF. The most important measurement
of ventricular function is the left ventricular ejection
fraction for distinguishing patients with cardiac systolic
dysfunction from those with preserved systolic function.
Echocardiography with Doppler imaging should be used
to evaluate and monitor regional and global left and right
ventricular function, valvular structure and function, pos-
sible pericardial pathology, and mechanical complications.
We have observed that patients with severe functional
mitral regurgitation at presentation have a lower chance
of full recovery of LV function (Sliwa, unpublished data).
Appropriate echocardiographic Doppler study can also
estimate pulmonary artery pressures and may help to
detect the presence of pulmonary embolus.

Monitoring of Patients With Newly
Diagnosed PPCM

Monitoring of the patient presenting with AHF should
be initiated as soon as possible. The extent and means in
which to monitor for an individual patient vary widely
depending on the severity of the cardiac decompensation
and the response to initial therapy. However, we observed
that because of their young age our patients often appear
relatively well at first glance despite low cardiac output and
marked tachycardia. Many women request inappropriate
early discharge due to social pressures, including caring
for their newborn, which may lead to rapid readmission or
possible death (Sliwa, unpublished data).

Current Theories on the Pathogenetic
Mechanisms in PPCM

Over the past decade, accumulating evidence has suggested
distinct pathogenetic mechanisms for PPCM, which may
differ from those of other forms of DCMO. Apoptotic
events—systemically and in the myocardium—appear to
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Figure 2. Left ventricular biopsy from a patient with acute peri-
partum cardiomyopathy. Formalin and paraffin-embedded tissue
was stained with hematoxylin and eosin (H&E). No significant
infiltrations are visible.

be causally associated with PPCM. In this regard, trans-
genic mice with cardiac-restricted over-expression of Goq
exhibit a lethal PPCM accompanied by strongly enhanced
apoptosis [10]. Reduction in cardiac apoptosis by caspase
inhibition through administration of the polycaspase
inhibitor IDN-1965 improved left ventricular function
and survival in pregnant Goq mice, suggesting that car-
diac apoptosis plays a causal role in the pathogenesis of
cardiomyopathy [10].

The apoptosis signaling surface receptor Fas/Apo-1
is known to trigger cell death in a variety of cell types.
Patients with PPCM had significantly higher plasma levels
of Fas/Apo-1 compared with healthy volunteers [16]. Ele-
vated plasma levels of tumor necrosis factor (TNF)-o have
also been found in a cohort of 100 patients with PPCM.
Elevated TNF-a has also been implicated in the pathogen-
esis of idiopathic DCMO [20¢].

There is evidence suggesting the role of viral illness
or an autoimmune etiology in the development of PPCM
[21-24], with histologic samples of myocardial tissue
having shown inflammatory infiltrates similar to that of
myocarditis. Biopsies from PPCM patients often do not
show inflammatory infiltrates (Fig. 2). Furthermore, a high
prevalence of viral genomes were detected in endomyocar-
dial biopsy (EMB) specimens of PPCM patients in 8 of 26
PPCM patients, and in 10 of 33 control subjects (30.3%)
[21]. Viruses identified (parvovirus B19 [PVB19], human
herpesvirus 6 [HHV-6], human herpesvirus 5 [HCMV],
and EMBs) have been related to inflammatory cardio-
myopathy, but also exist at high prevalence in healthy
populations [21]. Similar results were presented by Rizeq
et al. [24], whose retrospective review of EMB specimens
from 34 PPCM patients showed a comparable incidence of
myocarditis (8.8%) to that found in age- and sex-matched
patients undergoing transplantation for idiopathic DCMO
(idiopathic cardiomyopathy: 9.1%). Thus, the role of EMB

remains controversial and is likely to be clinically useful
only if performed early in the course of the disease.

Recently, we discovered increased serum levels of
oxidized low-density lipoprotein (oxLDL), indicative of
enhanced systemic oxidative stress together with signifi-
cantly higher prolactin levels and increased activation of
the prolactin-cleaving protease cathepsin D [11¢,12] among
PPCM patients compared with healthy nursing- and preg-
nancy-matched control women. Moreover, we detected
substantial amounts of cleaved 16-kDa prolactin in some
PPCM patients, but not in healthy nursing mothers [11e].

In a mouse model for PPCM that lacked the signal
transducer and activator of transcription 3 (STAT3) in car-
diac myocytes, we were able to demonstrate that increased
oxidative stress is responsible for the activation of cathep-
sin D and the subsequent cleaving of prolactin in a 16-kDa
fragment. Furthermore, we showed that the 16-kDa pro-
lactin has detrimental effects on the maternal heart by
impairing the cardiac microvasculature and the cardiac
myocyte metabolism, all of which appear to be largely
responsible for the development of PPCM in mice [11e].
Bromocriptine is a dopamine D, receptor antagonist that is
known to efficiently block prolactin release from pituitary
glands in humans [25] and mice [26] and is widely used in
stopping lactation in women who cannot or do not want to
nurse. Bromocriptine prevented PPCM in mice [11e]. This
observation supports a crucial role of prolactin, namely its
16-kDa form in prolactin for PPCM, and supports previ-
ous studies viewing prolactin as a potential factor in the
pathogenesis of PPCM [27].

In a recent study, the kinetics of a set of biomarkers asso-
ciated with cardiac function, oxidative stress, apoptosis,
inflammation, remodeling, and pregnancy were monitored
at 6-month follow-up of PPCM patients, comparing bio-
markers between patients who improved clinically versus
those who did not [12]. This study revealed that among
all markers analyzed, only the kinetics of NTproBNP,
oxLDL, and interferon-y (IFN-y) correlated significantly
with nonimprovement in there being a positive correlation.
Moreover, NTproBNP correlated positively with oxLDL,
IFN-v, and prolactin. Thus, the kinetics of NTproBNP in
correlation with the kinetics of more disease-specific mark-
ers (oxLDL, IFN-v, and prolactin) may serve to distinguish
patients with poor prognosis from those who may recover
[12]. However, the role of each of these factors in disease
progression is still unclear and needs further clinical and
experimental analysis.

Current Therapeutic Approaches Towards
Heart Failure in PPCM

Treatment is directed toward symptomatic relief and
improvement of cardiac function, similar to other forms of
heart failure treatment. The maintenance of blood oxygen
saturation within the normal range (95%-98%) is impor-
tant to maximize oxygen delivery to the tissues and tissue
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oxygenation, thus helping to prevent end-organ dysfunc-
tion and multiple organ failure. This is best achieved by
first ensuring that there is a patent airway and then admin-
istering an increase in fraction of inspired oxygen (FiO,).
Endotracheal intubation is indicated if these measures
fail to improve tissue oxygenation. The use of continuous
positive airway pressure (CPAP) and noninvasive positive
pressure ventilation (NIPPV) in acute cardiogenic pulmo-
nary edema is associated with a significant reduction in
the need for tracheal intubation and mechanical ventila-
tion [28]. Respiratory muscle fatigue is the most frequent
reason for endotracheal intubation and mechanical ventila-
tion in AHF. It may be diagnosed by decreasing respiratory
rate associated with hypercapnia and a confused state of
mind. Invasive mechanical ventilation should only be used
if acute respiratory failure does not respond to vasodila-
tors, oxygen therapy, and/or CPAP or NIPPV [18,29].

Administration of diuretics is indicated in the pres-
ence of symptoms secondary to fluid retention. lonotropic
agents are indicated in the presence of peripheral hypo-
perfusion (hypotension, decreased renal function) with
or without congestion or pulmonary edema refractory to
diuretics and vasodilators.

Temporary mechanical circulatory assistance may be
indicated in patients with AHF who are not responding to
conventional therapy and where there is reasonable potential
for myocardial recovery, for use as a bridge to heart trans-
plantation, or interventions that may result in significant
recovery of heart function. These include an intra-aortic
balloon pump and a left ventricular assist device [19].

Cardiac transplantation has been successfully performed
in PPCM patients. Favorable outcomes have been attributed
to the young age of the recipients and to the relatively short
duration of heart failure, resulting in minimal end-organ
damage. However, there are reports of increased transplant
rejection [30]. In view of the success of transplantation in
these young and otherwise healthy mothers, aggressive
temporary life support measures, such as cardiopulmonary
bypass or a left ventricular assist device, have been encour-
aged until a transplant becomes available [31].

Coexistence of systemic oxidative stress and signifi-
cantly higher prolactin levels in patients with acute PPCM
supports the notion of our previously published concept
that oxidative stress-mediated prolactin cleavage into its
detrimental 16-kDa form is crucial for the initiation of
PPCM. A recent pilot study suggests that this process can
be ameliorated or even abolished by bromocriptine, an
inhibitor of the detrimental prolactin [11e,32]. In this light,
trials assessing the therapeutic effects of prolactin block-
ade with bromocriptine have begun in PPCM patients. A
few case reports suggest that the addition of bromocrip-
tine to standard therapy of heart failure may be beneficial
in patients with acute onset of PPCM [11e,32].

In patients with stable heart failure, B-blockers and
angiotensin-converting enzyme (ACE) inhibitors should
be initiated when the patient has stabilized after the acute

episode (usually after 4 days). ACE inhibitors should
be titrated up to dosages shown to be effective in the
large controlled trials of heart failure and not towards
symptomatic improvement alone. ACE inhibitors are
contraindicated during pregnancy because of teratogenic-
ity, but should be considered a mainstay of treatment for
PPCM after delivery.

B-blockers, preferably carvedilol, should be consid-
ered for treatment of all patients with heart failure, unless
there is a contraindication. B-blocker therapy reduces
hospitalization, improves the New York Heart Assoc-
iation (NYHA) functional class, and leads to smaller
proportions of patients whose heart failure worsens [29].
The initial dose should be small and increased slowly
and progressively to the target dose used in the large
clinical trials. Aldosterone receptor antagonists are rec-
ommended in addition to ACE inhibitors, B-blockers, and
diuretics in advanced heart failure (NYHA III-1V) with
systolic dysfunction to improve survival and morbidity.
Angiotensin II receptor blockers (ARBs) can be used as
an alternative to ACE inhibition in symptomatic patients
who are intolerant to ACE inhibitors to improve morbid-
ity and mortality. Digoxin therapy is associated with an
increased risk of death from any cause among women, but
not men, with heart failure and depressed left ventricular
systolic function [33]. Retrospective analysis of data from
the Digitalis Investigation Group (DIG) trial indicates a
beneficial effect of digoxin on morbidity and no excess
mortality in women at serum concentrations from 0.5 to
0.9 ng/mL, whereas serum concentrations of 1.2 ng/mL
or greater appear harmful [34].

Thromboembolic phenomena have been reported
frequently in PPCM patients. Pregnant patients are at
increased risk of thromboembolic complications due to the
hypercoagulable state of late pregnancy that may persist
for up to 6 weeks postpartum. Left ventricular systolic dys-
function resulting in blood stasis additionally predisposes
to formation of left ventricular, pulmonary, and cerebral
thromboemboli. During the last weeks of pregnancy, low-
molecular weight heparin is the agent of choice, whereas
warfarin is preferred postpartum in patients with low ejec-
tion fraction (< 30 %) [18].

Appropriate birth control measures are recommended
for patients with enlarged hearts. Oral contraceptives
should be avoided because of the risk of increasing the
incidence of thromboembolism.

Prognosis and Subsequent Pregnancy
Echocardiography is an important diagnostic tool in PPCM
and may provide significant prognostic information with
regard to recovery of cardiac function [35¢]. A fractional
shortening value of less than 20% and a left ventricular
end-diastolic dimension of more than 6 cm at the time of
diagnosis are associated with a threefold or higher risk for
persistent left ventricular dysfunction [4].
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In a cohort of 100 patients from South Africa, a mor-
tality of 15% within a 6-month period was reported.
Baseline plasma levels of Fas/Apo-1 and NYHA func-
tional class were identified as independent predictors of
death [2¢]. Compared with other forms of cardiomyopa-
thy (n = 1230), patients with PPCM (n = 51) demonstrate
better survival [36]. In a study from Haiti, the ratio of
PPCM deaths for the 5-year period was 47.1 per 100,000
births, and the mortality rate was 15.3% during a mean
follow-up period of 2.2 years. Only 28% of patients who
were observed for at least 6 months regained normal left
ventricular function [37].

One of the most common issues for women surviving
an episode of PPCM is whether it is safe to become preg-
nant again. If a subsequent pregnancy occurs, it should be
managed in close collaboration between the obstetrician
and attending physician or cardiologist. Most authors
agree that PPCM patients with persistent left ventricular
dilatation and dysfunction are at high risk for complica-
tions and death should they become pregnant again [38].

In contrast, the issue of whether patients with PPCM
and recovered left ventricular function can safely undergo
a subsequent pregnancy remains controversial. Elkayam
et al. [39] conducted a record review among members of
the ACC in the United States and one hospital in South
Africa and described the outcome of 60 subsequent preg-
nancies in 44 women with a history of PPCM. Among the
first subsequent pregnancies in the 44 women, 28 occurred
among women in whom left ventricular function had
returned to normal (group 1) and 16 occurred in women
with persistent left ventricular dysfunction (group 2). The
pregnancies were associated with a reduction in mean left
ventricular ejection fraction in each group; 19% of PPCM
patients with sustained impaired systolic function, who
then conceived their first subsequent pregnancy, eventually
died [39]. Although the likelihood of maternal death seems
to be very low in women who recovered their left ventricu-
lar function before a subsequent pregnancy, a reduction in
left ventricular ejection fraction and symptomatic heart
failure will occur in the majority of PPCM patients in sub-
sequent pregnancies.

However, pilot data of bromocriptine trials are
promising. Twelve patients who suffered from PPCM in
a previous pregnancy presented with a subsequent preg-
nancy and therefore had a high risk for developing the
disease again [11e]. Six patients obtained bromocriptine
immediately after delivery, in addition to standard ther-
apy for heart failure, and all of them had an uneventful
postpregnancy follow-up. In contrast, all patients (7 = 6)
in the group who obtained only standard therapy suffered
from recurrence of PPCM, three of whom subsequently
died. Since this pilot, another four patients have had simi-
lar positive outcome on bromocriptine, and further efforts
to clarify its efficacy in preventing recurrence of PPCM
continue to be encouraging (Sliwa, unpublished data).

Conclusions

PPCM is a common disorder in some geographic regions
and possibly goes unrecognized in others. Defining this
disorder as an entity of its own may be justifiable given
the recent discovery of an oxidative stress cathepsin D
16-kDa prolactin cascade in experimental and human
PPCM serving as a specific pathophysiologic mechanism
that may provide the rationale for a specific therapeutic
intervention. Bromocriptine, a drug blocking the release
of prolactin systemically and locally, has been used for
many years in women to stop lactation, and now needs
to be tested in randomized trials to treat women with
PPCM. Systematic prospective data collection is required
as well as international cardiac registries to study the
etiology and different pathogenic mechanisms of PPCM,
including potential genetic and lifestyle aspects. Further-
more, attempts to establish specific biomarker profiles
and diagnostic tests are warranted for risk stratification
and prevention of PPCM.
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1.3 Problem Statement and Rationale

Peripartum cardiomyopathy (PPCM) is a severe form of heart failure affecting women of child-
bearing age. In a single centre study offering optimal PPCM management, as many as 15% of
patients died and only 23% achieved full recovery (Sliwa et al, 2006°). While the loss of maternal life
or functionality bears the most obvious consequences for both the individual and society, the
repercussions on the young infant remain as a deepening scar over a broader period of time. This
indicates that PPCM is a disease of public health concern, with the majority of survivors requiring

prolonged and often repeated inpatient care for heart failure.

1.3.1 PPCM: A diagnostic dilemma - the need for a rapid screening tool

Despite recent efforts to increase recognition of PPCM, it often remains undetected — particularly in
resource-poor environments. Definitive diagnosis and subsequent management requires a high
index of suspicion and, usually, referral to a tertiary centre with the capacity to perform echo-
cardiographic studies alongside specialist cardiologic and neo-natal care services. Anecdotal
evidence suggests that many women who initially present with signs and symptoms of heart failure
indicative of PPCM are concluded to suffer non-specific symptoms of the puerperal period and are
not adequately investigated, which leads to their deterioration. This clearly represents a preventable

component of PPCM-related morbidity and mortality.

Patients who have experienced an episode of PPCM are at a very high risk of relapse in further
pregnancies (Elkayam et al, 2001; Sliwa et al, 2004), even those patients who recovered left
ventricular function after the first pregnancy (Sliwa et al, 2008°). Therefore, early diagnosis of PPCM

is important to limit the high risk of morbidity and mortality induced by subsequent pregnancy.
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Until specific aetiologies can be identified and tested for, PPCM remains a diagnosis of exclusion.
Women in their peripartum period suspected of having PPCM are thus required to undergo rigorous
investigation; a task that is costly and laborious for the patient and health care provider. For this
reason, prompt use of simpler screening tools for this form of heart failure could help limit the
number of women eligible to undergo the full series of expensive investigations. The challenge in
resource-poor environments is to provide relatively easy, cheap and reliable investigative tools for
potentially fatal but rare conditions not easily diagnosed (Stewart et al, 2009; Tibazarwa et al, 2010).
In the case of PPCM, it is unlikely, for example that every pregnancy in sub-Saharan Africa will trigger
an echo-cardiograph (even if confined to those with advanced symptoms of heart failure). Although
screening with (point-of-care derived) brain natriuretic peptide levels may offer a means for
detecting elevated atrial pressures secondary to systolic dysfunction (particularly given the age of
those affected [Sliwa et al, 2008'°; Cardarelli et al, 2003; Martin-Du Pan et al, 2003), there are
technical issues and the cost remains prohibitive. It is within this context that we regard the electro-
cardiogram (ECG) to be a relatively cheap and effective tool for diagnosis and treatment of many
forms of heart disease, including heart failure. In a resource-poor environment, the cost-
effectiveness of ECG screening, automated software for detecting abnormalities and portability of

findings for evaluation at a central point makes ECG an attractive option for detecting PPCM.

To date, in the literature, the nature, frequency and evolution of ECG abnormalities in PPCM is not
well defined and limited to small studies. There is also a lack of data on ECG characteristics of PPCM
patients in Africa, as well as data on what characterises a normal ECG in African societies. Should
ECG abnormalities prove to be common in women with PPCM, this would provide a strong basis for
further studies examining the utility of ECG screening in a larger cohort of pregnant women in the

sub-Saharan Africa context.
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1.3.2 Shortage of data on the natural history of PPCM

Across the world, there is a dire shortage of data on the natural history of PPCM. Short-term studies
have yielded conflicting data on the pattern of recovery in PPCM within the first six months of
diagnosis, while long-term studies of PPCM remain few in number. Less than ten accessible
Anglophonic publications on the long-term outcome of PPCM have been identified. Of these, three
were of relatively compromised quality by being retrospective in nature and no studies reported the
long-term outcome of PPCM in Africa. Amidst these studies on the short and long-term outcome of
PPCM, there is considerable variation in baseline clinical entry criteria for patients recruited. This has
further weakened the ability to come to consensus on some of the clinical patterns that have been
observed. The study of PPCM in an African setting is further complicated by the high prevalence of
communicable disease, for which the concomitant presence of some infections (no matter how
subtle their clinical manifestation) may confound the diagnosis of PPCM. This could occur, for
example, through the overlapping symptomatology with that of PPCM, or through objective
demonstration of reduced systolic function in persons with systemic infections that might lead to the
mis-classification of PPCM. No other disease could pose a greater threat to such confounding than
infection with the HIV virus, where the virus itself, the persistent inflammatory state that it places
the body in and the plethora of opportunistic infections that it invites through the state of
immunodeficiency of AIDS has meant that HIV co-infected persons have been excluded from being
diagnosed with PPCM. As yet, however, there is no systematic data on the impact of HIV infection on

PPCM.

1.3.3 No clinical trials published on the medical management of PPCM

With the exception of Pentoxyfillene, which has only been studied in a small series of patients (Sliwa

et al, 2002; Batchelder et al, 2005), no clinical trials on the pharmacological management of PPCM
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have been published. This is almost entirely attributed to a lack of insight into the aetiopathogenetic
mechanisms leading to the development of PPCM. However, recent reports show that enhanced
oxidative stress in a mouse model for PPCM (mice with a cardiac specific deletion for signal
transducer and activator of transcription-3, STAT3-KO) triggers the activation of cathepsin D, a
ubiquitous lysosomal enzyme that subsequently cleaves serum prolactin into its anti-angiogenic and
pro-apoptotic 16-kDa form (Hilfiker-Kleiner et al, 2007°). The subsequent co-existence of the triad of
oxidative stress, endothelial inflammation and prolactin seen in these mice was also documented in
patients with acute PPCM (Brar et al, 2007); thereby strengthening suggestions that they may be

inter-connected and responsible for initiating PPCM.

Blockage of prolactin with the dopamine-2D agonist Bromocriptine prevented onset of PPCM in mice
and in 12 women at high risk of this condition identified through documented PPCM in a previous
pregnancy (Hilfiker-Kleiner et al, 2007%). A number of case reports further describe seemingly
beneficial effects from the addition of Bromocriptine to standard heart failure therapy in patients
with acute PPCM (Forster et al, 2008; Hilfiker-Kleiner, 2007"; Jahns et al, 2008). While these
preliminary results for the beneficial effects of Bromocriptine treatment in patients with acute PPCM
are promising, concerns have been raised regarding the risk of thrombotic complications. These
include cerebral vascular incident and myocardial infarction related to Bromocriptine therapy (Hopp
et al, 1996; Loewe et al, 1998; Dutt et al, 1998; Fett, 2008b) and the consequences for the children of
these patients, as the mothers are unable to breast-feed (Fett et al, 2008°). This presented an urgent
need for the systematic evaluation of the effectiveness of Bromocriptine as a medical therapy in the

treatment of patients with PPCM.
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1.3.4 No systematic study of familial component to PPCM

Non-systematic studies have revealed siblings of PCM patients demonstrating left ventricular
dilatation and left ventricular dysfunction. Even more striking, however, is that PCM appears to
share similar predisposing factors and clinical features with non-ischaemic idiopathic dilated
cardiomyopathy (IDCM); hence our partial concern that they may be different manifestations of the
same disease. If this were true, the prevalence of FDCM in families of PPCM patients might even
resemble that of FDCM (this being as high as 30% - 48% when screening of asymptomatic relatives is

included (Ghosh et al, 2011; Mahon et al al, 2005).

In this doctoral report, the researcher addressed this question by first investigating whether there is
evidence of increased familial occurrence of DCM in patients with PCM. Thereafter, the researchers
proceeded to evaluate the presence of one of the most virulent genetic mutations known to FDCM

amongst PPCM patients in the study, namely the Lamin A/C gene.
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1.4 Objectives

The objectives of this doctoral thesis are as follows:

[1] To determine the role of genetics in the aetio-pathogenesis of PPCM.
Specifically:

a. To measure the prevalence of DCM, left ventricular enlargement and depressed fractional
shortening among first degree relatives of patients with PPCM.

b. To determine if the prevalence of DCM among first degree relatives of PPCM patients is
independent of the socio-environmental conditions within families screened.

c. To determine the prevalence of potentially pathogenic mutations along the Lamin A/C gene

in patients with PPCM.

[2] To provide the first systematic descriptive study of ECG characteristics in PPCM, and thereby
determine any characteristics typical to PPCM (to inform us of the electro-physiological
causes and/or consequences of PPCM) and their possible application in clinical detection
and monitoring.

Specifically:

a. To assess the prevalence of 12-lead ECG abnormalities in newly diagnosed South African
women with PPCM at baseline and at six-months follow-up.

b. For PPCM patients who had six-month follow-up data, to identify any association between
12-lead ECG characteristics at baseline and at six-months with echocardiographic LV systolic

dysfunction.
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[3] To conduct the first randomised control trial of Bromocriptine therapy in humans; this is the
first drug thought to be uniquely beneficial to PPCM of all the dilated cardiomyopathies.
Specifically:

a. To assess the efficacy of Bromocriptine on recovery of LV function, symptom status and
other clinical measures in PPCM patients presenting within the first month post-partum with
new onset symptomatic PPCM and a left ventricular ejection fraction (LVEF) less than 35%.

b. To assess the clinical safety of Bromocriptine on young infants of patients with PPCM over

the six-month follow-up period.
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2. METHODOLOGY

2.1 GENERAL METHODS

2.2 METHODS SPECIFIC TO SUB-STUDY ON THE GENETICS OF PPCM
2.2.1 SUB-STUDY ON FAMILIAL AGGREGATION OF IDCM IN PCM
2.2.2 SUB-STUDY ON THE PREVALENCE OF POTENTIALLY PATHOGENIC MUTATIONS ON THE

LAMIN A/C GENE AMONG PPCM PATIENTS

2.3 METHODS SPECIFIC TO SUB-STUDY OF ECG CHARACTERISTICS IN PPCM

2.4 METHODS SPECIFIC TO SUB-STUDY OF BROMOCRIPTINE THERAPY IN PPCM
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2.1 General Methodology

Prior to commencement of this study, ethical approval was obtained from the Human Research
Ethics Committee (HREC) of the University of the Witwatersrand, Johannesburg, South Africa (PRC
990409) as well as the Research Ethics Committee (REC) of the University of Cape Town (REC.REF:
309/2006). The study complies with the Declaration of Helsinki. All patients and controls gave

written informed consent before being enrolled into the study.

Study Period

The study was conducted over a two-year period between 2006 and 2007. All PPCM cases (prevalent
and incident) were recruited during this study period. However, some components of the family

screening exercise had to continue well into 2008 and 2010.

Study Site

The study was conducted at two tertiary health care institutions in South Africa, namely Chris Hani
Baragwaneth Hospital in Soweto, Johannesburg (a teaching hospital of the University of the
Witwatersrand) and Groote Schuur Hospital in Cape Town (a teaching hospital of the University of

Cape Town).

Despite Chris Hani Baragwaneth Hospital being the sole accessible tertiary medical facility for the
vast community of Soweto, the apparent under-detection of PPCM necessitated me to take active
measures to raise awareness about PPCM and the call to refer patients suspected of having PPCM at
both study sites. Therefore, patients were referred from local clinics, secondary hospitals, private
GPs and from within the Departments of Medicine and Obstetrics at Chris Hani Baragwaneth

Hospital.
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PPCM patients

Consenting patients with a provisional diagnosis of PPCM underwent thorough medical interview
and examination and were investigated to confirm the diagnosis. Thus, all patients had routine blood
tests, as per the requirements to confirm the diagnosis, as well as a 12-lead ECG and
echocardiography. Patients requiring additional investigation to exclude potential differential

diagnoses had these done (as indicated) for that specific case.

Any history of pre-eclampsia and mode of delivery were obtained from the patient and confirmed by
examining the obstetric card carried by each patient. The history of the onset of symptoms and signs
were recorded at first presentation at the Cardiac Clinic at Chris Hani Baragwaneth Hospital
(baseline) and after a follow-up period of 6-months (6-month visit), patients enrolled in the long-
term outcome sub-study were assessed again at 12-months (12-month visit) and 24 months (24-
month visit). Clinical assessment, echocardiography, and, where relevant for that sub-study in

guestion, blood analyses were performed at baseline and at each of those visits.

It must be noted that although all new patients presenting within the study period were approached
for consent to join each sub-study, the ECG and familial screening study also targeted prevalent

PPCM cases, including those that had been discharged from the clinic’s care.

A physician, who was provided with the clinical data, but blinded to the study protocol and unaware
of the results of the laboratory tests, evaluated the New York Heart Association Functional Class

(NYHA FC) of each patient during baseline and follow-up visits.

Heart rate and systolic and diastolic blood pressure were measured non-invasively with a Critikon
Dinamap Vital Signs Monitor 1846 and calculated as mean values from five serial readings.
Measurements were made after a 30-minute resting period in a seated position with two-minute

intervals between successive measurements.
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ECG data

At baseline, a simultaneous 12-lead electro-cardiogram (ECG) was recorded at a paper speed of 25
mm/s and an amplitude of 10mV/mm on a digital ECG recorder (Philips). The ECGs were analysed by
one of the investigators (KT) and validated by another (KS) using standard methods of ECG reading
and interpretation [see Figure 3.] QRS duration was calculated using the standard leads from start to
end of the QRS complex, and the longest QRS was considered (lacoviello et al, 2007; Baye’s et al,
1993). The QT interval and the QT interval corrected for heart rate using Bazett’s formula (known
asQTc) were calculated in all chest leads (V; to Vg) from the onset of the QRS complex to the end of
the T-wave (Suwaricz, 1995) ( at the point at which it returned to the iso-electric line) (lacoviello et
al, 2007; Statters et al, 1994). Prolonged QRS was defined as a QRS width of 110 milliseconds (ms)
and prolonged QTc as a QTc interval of greater than 470ms; prolonged PR was defined as a PR
interval greater than 220ms. For the sub-study on the ECG characteristics of PPCM, an additional

analysis of ECGs was done using the Minnesota Code [see Section 2.3 below].

Echocardiographic studies, assessment of New York Heart Association (NYHA) functional class and

non-invasive blood pressure measurements

Echocardiographic examinations were taped on video and a portable hard-drive device and stored at
the respective research unit for that study site; the purpose for storage was for further reference,
audit purposes and to enable repeat blinded analysis by a single operator. All studies were
performed and interpreted by the same operators who were blinded to the protocol (AY"' and AB at
Chris Hani Baragwaneth hospital; the resident echo-cardiographer at Groote Schuur Hospital). For
purposes of standardisation and research storage, all echoes were reviewed by two of the

investigators (KT® and KS*), the latter of whom was first blinded to the results of the diagnostic

'AY: Dr Anthony Yip
’AB: Dr Anthony Becker
3KT; Dr. Kemi Tibazarwa
*KS; Prof. Karen Sliwa
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echoes above. There was a high level of concordance between the echocardiographic card reports at
the two phases described above. Standard methods of 2D-doppler transthoracic echocardiography
were adopted according to the American Society of Echocardiography (ASE) guidelines (Sahn et al,
1978). LV systolic dysfunction was defined by echocardiographic documentation of left ventricular
ejection fraction (LVEF) of <45%. Two-dimensional targeted M-mode echocardiography with Doppler
colour flow mapping was performed using an echocardiography machine attached toa 2.5 or 3.5

MHz transducer.

At Chris Hani Baragwaneth Hospital, either a Hewlett Packard Sonos 5500 (Philips, Bothell,
Washington) or a VIVID-e (General Electric Company, Fairfield, Connecticut, USA) echo machine was
used. At Groote Schuur Hospital a General Electric Vivid-3 machine was used. All measurements,
including systolic and diastolic left ventricular dimensions, valve dimensions and Doppler parameters
were measured according to the ASE guideline (Sahn et al, 1978). Measurements of left ventricular

dimensions and function were determined using an average of > 3 beats. [See Figure 4.]

Having followed the processes described above on first presentation, the following inclusion and

exclusion criteria were applied to each patient before finalising recruitment:

Inclusion criteria

1) Symptoms of congestive heart failure that developed in the last month of pregnancy or
during the first five months post-partum.

2) No other identifiable cause for heart failure, such as: current or past severe hypertension,
current or past ischaemic heart disease (IHD), rheumatic valvular disease, mitral valve
prolapse, significant aortic valve disease, congenital heart disease, metabolic disorders
(including diabetes mellitus), severe anaemia, or HIV infection.

3) LVEF <45% by transthoracic echocardiography.
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Figure 4. Examples of echocardiographic images obtained from a patient with PPCM

a. Dilated LV & LA, hypokinetic septum, no organic MV

b. Severely reduced fractional shortening on repeated measures.
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LVL Left ventricle | LA: Left atrium | RA: Right atrium | MVL Mitral valve | TR: Tricuspid regurgitation; PHT: Pulmonary hypertension; JVP: Jugular Venous Pressure

Exclusion criteria

1) Systolic blood pressure >160 mmHg or <95 mmHg or diastolic >105 mmHg.

2) Clinical conditions other than cardiomyopathy that could increase plasma levels of

inflammatory markers, such as: sepsis, autoimmune disease or being HIV positive.

3) Significant liver disease (defined as liver transaminase levels greater than two times the

upper limit of normal).

4) History of psychiatric disorders.
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5) Impaired renal function (defined as urea and/or serum creatinine greater than 1.5 times the
upper limit of normal).

6) Rapid atrial fibrillation at the time of first diagnosis of PPCM.

7) Any clinical condition that, according to the investigators, precluded inclusion in the study

(such as malignancy).

The key inclusion and exclusion criteria have been summarised in Table 2 below.

Table 2. Summary of key inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria
Age > 16 and < 40 years Significant organic valvular heart disease
Symptomatic CHF* Systolic BP>160mmHg and/or diastolic BP>100mmHg
No other identifiable cause for heart failure Severe anaemia (haemoglobin concentration <9gm/dL)
Left ventricular EF<45% by trans-thoracic Other clinical conditions accounting for raised
echocardiography inflammatory markers#
Rapid atrial fibrillation at the time of first diagnosis

*Symptoms of congestive heart failure (CHF) that developed in the last month of pregnancy or during the first five months post-partum

BP: Blood pressure. #NB: For purposes of this study, this meant HIV-seropositivity was considered an exclusion factor.

Medical management of PPCM patients

Following the initial screening and baseline visits, monthly out-patient visits were scheduled for
clinical assessment and evaluation of medication compliance. All patients received treatment with
the diuretic Furosemide and the angiotensin-converting enzyme (ACE) inhibitor Enalapril. Patients
with an LVEF <25% or LV thrombus received anti-coagulation therapy using Warfarin for six months.

Carvedilol was added after resolution of acute heart failure. Enalapril and Carvedilol doses were
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titrated upward, as tolerated, during the first four weeks after diagnosis (as long as systolic blood
pressure was > 100 mmHg or symptoms, such as dizziness, did not occur) and then remained
unchanged throughout the remainder of the six month study period. For patients who stabilized
quickly on treatment, Furosemide doses were gradually decreased, as indicated, according to clinical

assessment during the six-month study period.

Statistical analysis

The primary data collection instrument was the proposed Cardiomyopathy Registry for Sub-Saharan
Africa (SSA), as developed by Mayosi et al from the University of Cape Town (unpublished). Data
from hard copies of the Cardiomyopathy Registry were captured on its identical electronic registry
database in Access format (using Microsoft Office Access 2007). Preliminary data analysis was begun
by exporting encoded data from the Access database into Excel for reference purposes. Final
cleaning and statistical analysis was done using Version 8 of the STATA software (STATA Corp., 2003),
while ECG data were analysed using the SAS Version 9.1 statistical program (SAS, Cary, NC, USA).
Descriptive summary results were expressed as “mean (standard deviation)” or “median [inter-
quartile range]”. Wilcoxon Scores (Rank Sums) were used for comparison between patients for
continuous measurement. When data were non-normally distributed, log transformation was
performed of all variables at baseline across the comparison groups for that sub-study. Comparison
between groups and within groups of categorical variables were analysed using the Chi-square test
and McNemar test or Mantel-Haenszel Test for repeated measurements. Subsequently multivariate
analysis of variance (MANOVA) within groups (for time) and between groups was performed.

Significance was assumed at a two-tailed value of p < 0.05.

Finally, a pre-specified combined end-point of poor outcome was created in an attempt to improve
the chances of detecting associations of smaller effect. This end-point variable was defined as:

death; NYHA functional class l11/IV; or LVEF <35% at six months.
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2.2 Methods Specific to Sub-Study on the Genetics of PPCM

The study design for this sub-study was cross-sectional in nature. During the study period, all
prevalent PPCM patients known to the two hospitals were sought out and requested to participate
in the study. In addition, all patients newly diagnosed with PPCM during the study period were

requested to participate in the study.

2.2.1 Methods specific to sub-study on familial aggregation of DCM in PPCM

Only first degree relatives (aged 17 years or above) of consenting patients were approached
telephonically or through the index case for enrolment into the study. In the event of positive
findings amongst screened adult relatives, the screening exercise was expanded to include younger
relatives and, where necessary, more distant relatives. Consenting relatives underwent the same

clinical procedure of interview, examination, 12-lead ECG and echocardiography.

All family members were: assessed and their echocardiography done by KT; and reviewed by
another expert echo-cardiographer blinded to the study protocol (A.B. in Soweto and J.S. in Cape
Town). All relatives found to have any abnormality on initial screening were then requested to
undergo blood tests for baseline screening of common cardiovascular risk factors, as per the
recommendations of Fatkin et al (Fatkin et al, 2006). Relatives with any abnormality found during

the assessment were referred as appropriate for correct management and treatment.

While patient and relative data were uploaded onto the main database described above (unique
codes being applied to identify members of the same family and to separate patients from relatives
screened), qualitative and more descriptive details of the family trees were uploaded onto Cyrillic

software [Version 2.1].
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2.2.2 Methods specific to sub-study on the prevalence of potentially pathogenic mutations on the
Lamin A/C gene among PPCM patients

Overview

Genetic screening for mutation on the Lamin A/C gene (LMNA) was successfully conducted in 38

PPCM patients, alongside two separate pairs of controls matched for sex and ethnicity. These

controls were randomly selected from a pool of apparently healthy controls, who had been recruited

for such purposes by the Cardio-Genetics Laboratory of the University of Cape Town. Mutations

were detected by genomic DNA screening assay; variants were confirmed by direct sequencing.

Standardisation of DNA

During the study period, peripheral venous blood samples were obtained using conventional
methods. From these, DNA was extracted and purified using the GentraPuregene Blood Kit (Quiagen
Catalogue No. 158422). While this DNA was stored, any remaining buffy coat and whole blood
samples were also stored, in case more DNA would need to be extracted in the future. However,
given that most of the blood samples and stored DNA were at least 3 years old by the time of this
analysis, it was important to re-assess the concentrations of all DNA samples stored. This was done
using the Qubit’dsDNA Broad Range (BR) Assay Kit and its respective protocol (Invitrogen, 2006).
[See Figure 5]. DNA concentrations yielded from this process were used to calculate appropriate

volumes of distilled water needed for standardised working samples, each containing 50ng of DNA.

Figure 5 The Qubit Fluorometer and its reagents

The various Qubit Assay kits were previously known as “Quanti-iT™” Assay kits.

52



PCR primer design

Twelve exons were identified for the LMNA gene, each complete with the appropriate flanking
regions. Larger exons were broken into two sub-components (e.g. exon 7 was broken into exons 7.1
and 7.2), bringing the total number of exon components to 18. To locate these exons on the

samples, 18 primers needed to be developed. These were designed as follows:

1. The LMNA gene sequence was obtained from Ensembl and NCBI genome browsers.

2. Primers were chosen with reference to annotated sequences, then analysed with web-based
tools in order to determine the optimal primer sequences for amplification of the gene (IDT
OligoAnalyzer and NCBI BLAST).

3. Amplicons were restricted to between 250 and 300 base pairs in size, as increased amplicon
length would have led to decreased resolution and sensitivity with HRMA.

4. Predicted melting patterns of amplicons were checked using POLAND (Sterger, 1994).

PCR primer optimisation

On arrival, all ordered primers were diluted in a 1 x TE buffer, tested with control DNA samples; their
subsequent high resolution melt reaction was optimised by running them through the Rotor-Gene
analysis described above. Of the 18 primers that were ordered (to complement the 12 exons and
their sub-components), six failed this initial trial run and further resisted adjustments to annealing
temperatures. Hence, for these six primers, the Type-iT Kit had to be used to simultaneously

optimise and amplify those six exons/exon-components.

DNA amplification and screening

All 18 exons/exon-components, with their respective flanking regions, were: amplified using these
primers using the local laboratory protocol [Table 3]; screened for mutations using the Corbett
Rotor-Gene 6000 High-Resolution Melting curve Analysis (HRMA) [see Figure 6]. Amplicons with

abnormal melt curves were then sequenced.
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Sequencing and identification of mutations

Amplicons were: purified using local laboratory protocol [Table 4] in a Labnet Multigene
Thermocycler (from Labnet International Incorporated); then sequenced in both forward and
reverse directions on an AB13100 sequencer. Sequences were analysed using bio-informatics tools,
including tools for: protein production (Polyphen, SIFT), secondary structure prediction, RNA

prediction, as well as alignment tools.

Figure 6. QIAGEN Rotor-Gene Q (Corbett Rotor-Gene 6000); Pure detection.

a. Rotor-Gene Q b. Cross-section of the Rotor-Gene Q
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The Rotor-Gene Q is an innovative real-time cycler that enables high-precision real-time PCR due to its unique
rotary design. In its High Resolution Melt Analysis (HRMA), the resulting “Melt Curve Analysis” plot shows the
first derivative (dF/dT) of the raw melting data. By default, the sign of the first derivative is inverted, showing
the DNA melting points as positive maxima. Peak characteristics (i.e. peak temperature value, width) of known
genotypes can be used to define “Peak Bins”. These “Peak Bins” enable automatic identification of particular
genotypes.

Table 3. Details of the DNA amplification and screening process

a. List of reagents mixed for DNA amplification b. Rotor-gene cycling reaction conditions
Condition Temperature (Time) |
Forward primer (20uM) 0.5 pl Initial denaturation 95°C — 10 seconds
Reverse primer (20uM) 0.5 pl Denaturation 95°C — 5 seconds 3
dNTPs (20uM) 1l Primer annealing 55°C—10seconds & 50 cycles
GoTaq polymerase (5U/pl) 0.1 pl Template elongation 72°C-10seconds J
GoTagFlexiBuffer (5x) 5ul High Resolution Melt (HRM)  72°C-95°C
MgCl, (25mM) 3ul (0.1°C increments)
DNA (50 ng/ul) 1l
EvaGreen dye 1l
Distilled water 12.9 pl
TOTAL 25ul
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Table 4. Protocol applied for amplicon purification and DNA sequencing

I. AMPLICON CLEANSING AND PURIFICATION
Reagents added

Volume added

Reaction conditions

(Volume in stock) (per sample of DNA)

Exonuclease | (20 000U/ml) 0.1 pl 37°C-1 hour
Shrimp alkaline phosphatase [SAP] (1U/ml) 1l 75°C — 15 minutes
Amplicon product 5ul 4°C — 15 minutes
Distilled water 13.9

TOTAL 20pl

1l. SEQUENCING

Reagents added Volume added Reaction conditions
(per sample of DNA)
Primer (respective to that amplicon product) 2 ul
Terminator mix 2 ul
Buffer 4 ul
Amplicon product 3ul
Distilled water 9ul
TOTAL 20ul

Sequencing process
Initial denaturation
Denaturation
Primer annealing
Template Elongation

95°C — 5 minutes
96°C — 30 minutes
50°C — 15 minutes
60°C — 4 minutes

}25 cycles

2.3 Methods Specific to Sub-Study of ECG Characteristics in PPCM

The study design used here was a bi-directional cohort study. For prevalent cases the researchers
looked retrospectively at the baseline and six-month follow-up ECG. For all other new cases that
presented during the study period, baseline and follow-up ECGs were assessed prospectively. The

retrograde component formed a considerable minority of the final analysis.

A 12-lead resting ECG was performed by a trained technician and analysed by a reviewer blinded to
all clinical data (GL®) using a standardised approach to ECG interpretation entitled the Minnesota
Code Classification system (Prineas et al, 1982) [see Appendix 3c]. The code allows systematic
classification of Q and QS patterns, axis deviation, R waves, ST depression and elevation and T wave
changes along with conduction abnormalities in both atria and ventricles (Prineas et al, 1982;

Blackburn et al, 1960). The abnormalities detected by the Minnesota Code were categorised into

®GLL Geraldine Lee
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major abnormalities and minor variations from the “normal” 12-lead ECG, using the classification
system previously applied by De Bacquer et al (1998). Separate analyses for ST segment depression,
arrhythmia or AV block, bundle branch block and left axis deviation were also performed. Major
abnormalities were thus defined as those with: Q waves; ST segment depression; T wave inversion;
complete or second degree AV block; complete left or right bundle branch block; frequent
premature beats; atrial fibrillation; flutter. Minor abnormalities were defined as: borderline Q
waves; left or right axis deviation; high amplitude R waves; border-line ST segment depression; T-

wave flattening and low QRS voltage [See Table 5].

Table 5. Minnesota Code major and minor ECG criteria
[Adapted from Lee et al, 2008]

Q-wave abnormalities Borderline Q-waves
ST-segment depression Left or right axis deviation
T-wave inversion High amplitude R-waves
2° or 3° AV-block Borderline ST-depression
Complete LBBB or RBBB T-wave flattening

Low QRS voltage

*LBBB: Left Bundle Branch Block; RBBB: Right Bundle Branch Block

2.4 Methods Specific to Sub-Study of Bromocriptine Therapy in PPCM

The study design of the Bromocriptine sub-study was purely that of a clinical randomised controlled
trial. It was conducted in the 12-month period between January 2007 and January 2008. Only newly
diagnosed PPCM patients were approached for inclusion in the study; this being done within 24
hours of first diagnosis. Only women who had delivered recently (within the past month) could be
included. For the purposes of this Phase Il trial, the researchers had to be able to prove therapeutic
efficacy of Bromocriptine in at least those with more severe forms of PPCM (i.e. those who stand to
benefit the most). Hence the third difference to the diagnostic criteria described above was that
patients were included only if the echocardiographic ejection fraction at presentation was equal to

or less than 35%.
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The 10 patients randomised to standard therapy (PPCM-Std group) were treated as outlined in the
General Methods section above. The 10 patients randomised to standard therapy plus
Bromocriptine (PPCM-Br) received Bromocriptine 2.5 twice daily for two weeks, followed by 2.5 mg

daily for six weeks in addition to standard heart failure therapy.

Cardiac MRI (CMR) was performed for 4 - 6 weeks post-diagnosis in patients receiving Bromocriptine
to detect possible mural thrombi. Studies were performed using a 1.5 Tesla MRl scanner (General
Electric, Milwaukee, Wisconsin, USA) with a cardiac-dedicated phased-array coil. The CMR studies
were ECG triggered by standard software. Studies consisted of steady-state-free precession (SSFP)
and spin echo (SE). Short axis, transverse and coronal views were obtained. SSFP sequences were
performed to assess regional wall motion abnormalities and LVEF. Slice thickness was 8mm, no gap,
matrix 256 x 256, FOV 400mm, voxel size 1.6mm x 1.6 mm x 8mm. The total time required for the
investigation was 30 - 45 minutes. Gadolinium enhancement was not studied. Ventricular
parameters were assessed in a standard manner by one observer using commercially available
software (CAAS MRV, Pie Medial Imaging, Maastricht, Netherlands). The CMR studies were assessed
by two independent experienced observers who determined the presence or absence of intra-

cavitary thrombi.

For all patients recruited, eight millilitres of blood was withdrawn from an ante-cubital vein and
collected in pre-chilled tubes containing ethylenediaminetetraacetic acid (EDTA) or clot activator and
mixed rapidly. Plasma or serum was separated by centrifugation at 2500 rpm for seven minutes
within 10 minutes of collection. Aliquots were stored at minus -80 degrees Celsius for possible future
analysis. High sensitivity C-reactive protein (hsCRP) was measured as per standard laboratory
techniques. In addition, prolactin, NT-proBNP, full blood count, liver function and serum creatinine
were also measured. Serum levels of 16kDa prolactin were measured by immuno-precipitation,
followed by Western blotting. Cathepsin D activity was assayed with the Sensolyte 520 cathepsin D

assay kit (MoBiTec).
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Given that this was the first controlled clinical study on the effects of Bromocriptine in PPCM, and
that our PPCM patients presented early in the post-partum period, it was important to attempt
some systematic evaluation of the consequences of not breast-feeding on the young infants.
Standard growth monitoring charts issued by the South African Department of Health and
maintained by primary physicians were obtained for purposes of evaluating the newborn children of
mothers included in this study. These charts listed the weight of each child at birth and at regular
intervals to six months and beyond. Weights were plotted on World Health Organization (WHO)

weight-for-age Child Growth Standard charts for girls and boys (WHO).
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3. RESULTS

Over the three-year period in which the doctorate research was conducted, and during the
preceding ten months spent in training and in preparation for the work that would form the
contents of this thesis, over a hundred patients with PPCM were studied; and a considerable number
that were initially suspected of having PPCM, but were later given other primary diagnoses. Of those
PPCM patients found eligible for any of the sub-studies in question: 78 were included in the final

ECG characterisation of PPCM; 10 were randomised alongside 10 controls to assess the efficacy of
Bromocriptine therapy; and 51 were approached for the study of familial aggregation of IDCM in
PPCM. In a minority of cases, and only where there were no clinical or ethical contra-indications,

some patients were enrolled in more than one sub-study.

3.1 Overview of PPCM; the Experience in Africa and in Comparison with the World
“Peripartum Cardiomyopathy in Africa: Challenges in diagnosis, prognosis and therapy”

3.2 Results of the Familial Aggregation Sub-Study

3.2.1 Case series and commentary:
“Familial Dilated Cardiomyopathy in Peripartum Cardiomyopathy: A tale of two cases”

3.2.2 Full report on the family screening study:
“One-third of PPCM cases may be Familial Dilated Cardiomyopathy”

3.2.3 Areport on our screening of PPCM patients for Lamin A/C mutations:

3.3 Results of the ECG Sub-Study:
“The 12-Lead ECG in Peripartum Cardiomyopathy”

3.4 Results of Sub-Study on the Use of Bromocriptine in Peripartum Cardiomyopathy:
“Evaluation of Bromocriptine in the treatment of acute severe Peripartum Cardiomyopathy: A
proof-of-concept pilot study”

3.5 Results on the Study of the Predictors of Outcome in Peripartum Cardiomyopathy:
“Predictors of outcome in 176 South African patients with Peripartum Cardiomyopathy”

NB. Except for section 3.2.2 and 3.2.3, figures and tables in the results section are numbered according to their respective published article.




3.1 Overview of PPCM; The Experience in Africa and in Comparison to the World

“Peripartum Cardiomyopathy in Africa: challenges in diagnosis, prognosis and therapy”

Tibazarwa K, Sliwa K

[Prog Cardiovasc Dis. 2010 Jan-Feb; 52(4):317-25]

This publication was important for this doctorate .The article was written at a time when many new
theories had emerged regarding the causes and outcome patterns of PPCM (eg. Elkayam et al, 2001;
O’Connell et al, 1986 versus Fett, 2005; and so forth); but where it remained unclear how these

merged with the older theories (eg. Falase et al, 1985).

The article was also written to address what seemed to be an increasing divide on the diagnostic
approach towards PPCM; initially between Western Societies and developing societies. However, the
article also served to highlight that the increased research efforts into PPCM across the two
hemispheres had actually narrowed the differences in the clinical pictures seen; hence allowing for

similar diagnostic approaches to be used to improve research and clinical practice.

The article formed a comprehensive review on the diagnosis and management of PPCM, as well as
on the challenges faced in Africa and across the world in managing such a disease diagnosed mainly

by exclusion of other underlying causes.
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Abstract Peripartum cardiomyopathy (PPCM) is a form of heart failure affecting women of childbearing
age, which can be associated with considerable mortality and chronic debilitating disease. Most
patients present with acute postpartal heart failure that resembles the clinical presentation of
idiopathic dilated cardiomyopathy. Historically, patients with PPCM have shown high rates of
rapid recovery, with 6-month recovery rates averaging at 50%. However, recent prospective
long-term follow-up of patients with PPCM in developing societies suggest recovery occurring
only well into the second year after diagnosis, and recovery is poorly predicted by baseline left
ventricular function. Beyond any potentially inherent factors contributing to poorer outcomes of
patients with PPCM in developing societies, prognosis in these settings will continue to lag
behind as the challenges faced to optimizing diagnosis remain immense. New insights into the
role of inflammatory, apoptotic, and other genetic pathways may improve prognosis through the
early detection and more targeted treatment of PPCM. (Prog Cardiovasc Dis 2010;52:317-325)
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Peripartum cardiomyopathy (PPCM) is a clinical
syndrome comprising reduced cardiac output that leads to
tissue hypoperfusion and increased pulmonary capillary
wedge pressure.’ Peripartum cardiomyopathy is defined
as per the modification by Lampert and Lang® of the
definition given by Demakis et al’; this is the develop-
ment of heart failure in the last month of pregnancy or
within the first 5 months postpartum, in the absence of
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any other determinable cause for cardiac failure and in
the absence of demonstrable heart disease before the last
month of pregnancy, and bears echocardiographic evidence
of left ventricular systolic dysfunction.* Restriction to this
particular puerperal period serves to rule out preexisting
causes of cardiomyopathy that may be exacerbated by
pregnancy rather than arising as a result of pregnancy.*’
Most cases present within the first 4 months postpartum,*’
with only 10% presenting in the last month antepartum.*’
The incidence reportedly varies from 1 in 3000 to 4000
deliveries in Western societies® to 1 in 1000 in developing
societies,” with the highest incidence of 1 in 300 live births
being reported in Haiti.” The apparent rise in the incidence
across all geographic borders is most likely due to the
improved awareness and diagnostic measures.® In a large
African center, PPCM formed 1.5% of all patients with heart
failure attending the center during the space of 1 year.'’
Although studies in the United States show PPCM to
occur more in women of African descent and those older
than 30 years,'' PPCM has been reported across the world,
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across all ages, and
parities.*® The younger
age of patients with
PPCM in developing
nations®’ may reflect the
younger age of the bulk
of reproductive activity in
developing nations. Mul-
tiple gestation within the
index pregnancy has been
implicated toward causing PPCM in 7% to 10%,'* whereas
multiparity is a more widely documented predisposing
factor to the development of PPCM.*'* However, recent
studies have suggested that the effect of multiparity is far
less significant in the development of PPCM.’ Peripartum
cardiomyopathy also appears to occur more commonly in
women who breast-feed for longer.'*

Peripartum cardiomyopathy is an important cause of
mortality and chronic debilitating morbidity, affecting
relatively young women in the reproductive age group. It
is the second most common etiology of cardiomyopathy-
related cardiac transplant in women in the United States'’
and hence poses a considerable burden on the health,
economic, and other social sectors of society.

Abbreviations and Acronyms

NYHA-FC = New York
Heart Association functional
class

PPCM = peripartum cardio-
myopathy

TNF-o = tumornecrosis fac-
tor a

Diagnosis

Peripartum cardiomyopathy is a diagnosis of exclu-
sion. However, there is no agreement on the exclusion of
preeclampsia. Unfortunately, the inclusion of patients
with varying degrees of gestational hypertension, in the
index as well as prior pregnancies, has contributed greatly
to the discrepancy in reported characteristics of PPCM.
This may also form the basis for the difference in the
puerperal time of presentation. Studies comprising greater
proportions of patients with preeclampsia, and of greater
severity, tend to have far greater concentrations of PPCM
cases presenting in the last month of pregnancy.”'®!” In
contrast, studies with smaller proportions of patients with
preeclampsia tend to document a postpartum peak in the
presentation of PPCM, with reported onset of symptoms
most commonly being 2 to 62 days postpartum.®*'®

Important differential diagnoses are the common
complications of late pregnancy, whose presentation
may mimic that of PPCM and include preeclampsia,
amniotic or pulmonary embolism, HELLP syndrome
(hemolysis, elevated liver enzymes, and low platelet
count occurring in association with preeclampsia),'® and
anemia-induced puerperal heart failure. Perhaps the most
important of these is the first, as patients with preeclampsia
have often been included amid patients considered to have
PPCM, whereas others have included women with
hypertension without documenting the presence of
proteinuria or edema.

Symptoms

Most patients report severe shortness of breath of the
order New York Heart Association functional class
(NYHA-FC) III to IV,?® presenting with lower limb
swelling, some with right upper quadrant pain as well as
other symptoms of acute heart failure (Fig 1).

Signs

Most patients will manifest the grades III to IV
functional class by being overtly tachypneic in the clinic
or hospital room (Fig 1). Most patients®’ have a mild
resting tachycardia.'® Blood pressure averages are usually
normal, with larger prospective studies reporting mean
systolic and diastolic blood pressures of 116 + 20 mm Hg
and 76 = 14 mm Hg, respectively.'® Bedside examination
often suggests a dilated cardiomyopathy in the lateral and/
or downward displacement of the apex, with dyskinetic
apex, and sometimes palpable gallop rhythm.**

Arterial blood gas and pulse oximetry are important in a
first assessment of the severity of respiratory insufficiency.

Complications

. g 21,23,24
Thromboembolic complications are common.” "

Often these will manifest in the form of pulmonary
embolism and stroke; these usually result from embolized
mural thrombi in the dilated myopathic chambers of the
heart. Rarely, this has culminated in embolic retinal artery
occlusion that caused immediate onset of unilateral
blindness in the patient with PPCM.>* Bearing in mind
that pregnancy itself potentiates a state of hypercoagula-
bility,** the added risk in PPCM is a major concern.
Although anticoagulation has been recommended in
patients with PPCM with left ventricular ejection fractions
of less than 35%,”° there remains no systematic data to
support this practice for PPCM or for other forms of left
ventricular dysfunction in sinus rhythm.®

As with other forms of cardiomyopathy, arrhythmias
are a common complication of PPCM and are further
described later.

Routine biochemical tests

The full blood count is usually normal (given that
significant anemia has been ruled out as a separate
potential cause of heart failure), with normal electro-
lytes and biomarkers of renal function. In advanced cases,
congestive cardiac failure will cause renal insufficiency
and a prerenal biochemical profile. Most patients have
normal liver function tests and, if raised, represent the
acutely congested liver through raised canalicular enzyme
levels, with only slightly raised transaminase levels.

Although older studies had suggested micronutrient
deficiency could play a role in the development of
PPCM,'' many of these were smaller descriptive studies.
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Fig. 1. Clinical characteristics of peripartum cardiomyopathy (PPCM). Reprinted with permission.?'

Since then, a comparative study on a larger series of patients
with PPCM has shown micronutrient deficiencies not
to differ significantly between cases and controls.® These
included selenium and vitamins A, B;,, C, and E as well
as betacarotene.’ Hence, these tests are no longer consi-
dered necessary in the workup of patients with PPCM.

To date, many centers in developing countries have
considered HIV serology to be an important baseline
investigation, as HIV positivity formed an exclusion
criteria for clinical studies in the face of HIV-associated
cardiomyopathy bearing clinical resemblance to PPCM.
However, novel data report that patterns of left ventricular
function and mortality were similar between patients with
PPCM with and without HIV coinfection.'’

Urine samples need to be assessed for albumin and other
proteinuria, as an essential means of ruling out preeclampsia.
Although such proteinuria presence helps to confirm the
diagnosis of preeclampsia, its absence does not rule it out.

Electrocardiogram

Most patients present in sinus rhythm,'®*’ with nonspe-

cific ST-segment and T-wave abnormalities that resolve for
most patients within the first 6 months of treatment.'®
Arrhythmias in PPCM occur as with cardiomyopathies
and heart failure in general'® and include atrial fibrillation,
frequent premature ventricular systoles, ventricular
tachyarrhythmias, and bundle branch block,”® the later
occurring more frequently among long-term cases.'®

Although ventricular arrhythmias have been reported in
up to one fifth of patients thought to have PPCM,*’ one
of the few comparative studies showed the more life-
threatening complex ventricular arrhythmias to occur almost
as often in PPCM (60%) as in its closest variant, idiopathic
dilated cardiomyopathy (76% of patients).”® Another study
suggests that subsequent pregnancy in patients with PPCM
might result in deterioration of ventricular arrhythmias,
through various mechanisms including triggering premature
ventricular extrasystoles as the cardiomyopathy worsens in
subsequent pregnancy.>’ This arrhythmic deterioration is
thought to either precede and hence facilitate decompensa-
tion of heart failure or else be triggered by already worsening
left ventricular dysfunction in asymptomatic patients.”'
Furthermore, they suggest that ventricular arrhythmias
occurring in the acute phase of PPCM are likely to improve
with left ventricular recovery, whereas those in patients not
recovering will more likely require intervention.”'

Radiologic

Chest roentgenogram

Typically, the chest x-ray will show cardiomegaly,
pulmonary congestion (including upper lobe diversion and
Kerly-B lines), and occasionally, right-sided pleural effusion
in keeping with more severe congestive cardiac failure.

Echocardiography
Echocardiography has become the mainstay for the
definitive diagnosis of PPCM. Diagnosis requires
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Length of time required for full recovery of
left ventricular function (EF > 50 %) in 32
Haitian PPCM patients, 2000 - 2008
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Fig. 2. Progression from shortest to longest time required for left ventricular systolic function recovery in peripartum cardiomyopathy. Reprinted

with permission.*®

echocardiographic evidence of left ventricular systolic
dysfunction (ejection fraction < 45%)." Echocardiography
allows for visual estimations of global and regional
cardiac chamber function to assess systolic and diastolic
functions and thrombotic complications of PPCM as well
as to rule out other organic heart disease. Although most
reports document elevated left ventricular end-diastolic
diameters in PPCM, averaging 6 cm in most studies, not
all patients will present with dilated left ventricles; hence,
the current definition of PPCM does not mandate the
presence of left ventricular dilatation.

Magnetic resonance imaging

For the last few years, MRI has received increasingly
favorable attention in the evaluation of patients with
PPCM. This is due to the ability to elicit the presence of
myocardial fibrosis using late enhancement imaging in
cardiac MRI, a marker of the persistence of left ventricular
dysfunction.32 Given the poor understanding of the
pathophysiology of PPCM and the conflicting data on
myocarditis as the causative process, there has been hope
that cardiac MRI would also help to clarify the
pathogenetic mechanisms. Further attributes of cardiac
MRI are its ability to assess myocardial kinesia and
ejection fraction and view the shapes, sizes, and contents
of the cardiac chambers through the use of cine cardiac
MRL*? One study of more than 1000 consecutive patients
with heart failure assessed 8 women considered to have
PPCM yet found no specific pattern of PPCM on cardiac
MRI, no late enhancement, and no difference in MRI
features between patients recovering within the first 2
years and those who failed to recover systolic function.>
However, the PPCM sample size was small making more
research mandatory.

Cardiac catheterization

As with other forms of heart failure, cardiac catheter-
ization and angiography remain the gold standard for
determination of systolic function. Yet, few systematic
reports of PPCM have conducted hemodynamic studies;
those existing having shown decreased cardiac output
and high filling pressures but normal coronary arterio-
grams (Fig 2)."!

Immunohistochemistry

Increasingly, studies have suggested myocarditis to be
a key pathogenetic process in the development of
PPCM.?*3%3¢ Endomyocardial biopsies have strongly
supported this theory,?” as has the demonstrable clinical
and histologic improvement of patients with PPCM on
immunosuppressive therapy®® such as prednisone
and azathioprine.**

The specific etiology of the underlying myocarditis
remains to be confirmed. For many years, the enhanced
suppressor cell activity during pregnancy was thought to
predispose pregnant women exposed to cardiotropic
viruses to more severe forms of viral myocarditis.*
Common pathogens implicated include Coxsackie and
encephalomyelocarditis viruses® as well as Parvovirus B
1937 Adenovirus, human simplex virus 6, Epstein-Barr
virus, and cytomegalovirus DNA have been isolated in
endomyocardial biopsies of patients with PPCM.?®
However, myocarditis could simply reflect the immune
response from any other form of myocardial damage. In
essence, the molecular components of the inflammatory
process in PPCM has been found to be very similar to that
of idiopathic dilated cardiomyopathy, with elevated tumor
necrosis factor oo (TNF-o) and C-reactive protein levels



K. Tibazarwa, K. Sliwa / Progress in Cardiovascular Diseases 52 (2010) 317-325 321

and, in particular, persistently raised leukocyte cytokine
levels despite treatment.'*

The aforementioned etiology is not restricted to PPCM
but may form the basis for a variety of the dilated
cardiomyopathies. For one, the prevalence of myocardial
inflammation in PPCM appears to be similar to that of
age-matched patients with idiopathic dilated cardio-
myopathy®” and has so far failed to predict outcome in
PPCM.*° Secondly, viral clearing has been associated with
clinical improvement in both PPCM and idiopathic dilated
cardiomyopathy. "

Unique to PPCM, however, are certain immune
activation processes, such as the additional finding of
elevated levels of the apoptotic marker Fas/Apo-1 that
predicts mortality” and is considered causative.'® Class G3
immunoglobulins,”®*' which act against cardiac myosin,"?
bear the subclass IgG3. This IgG3s subclass bears pro-
inflammatory characteristics and may be associated with
higher NYHA-FC at presentation.*’ Although idiopathic
dilated cardiomyopathy demonstrates highly selective
up-regulation of the IgG3s subclass of G3 immunoglobu-
lins, the humoral response in PPCM is not subclass
restricted, with class G and all subclass immunoglobulins
being raised in PPCM.*" Sliwa et al”-'? identified increased
plasma levels of the inflammatory cytokine TNF-o,
C-reactive protein, and a plasma marker of apoptosis,
Fas/Apo-1, in a large population of newly diagnosed
patients with PPCM. Furthermore, C-reactive protein levels
on presentation demonstrate linear correlations with left
ventricular end-diastolic and end-systolic diameters and,
inversely, with left ventricular ejection fraction.” Given the
ethnic variations in serum levels of C-reactive protein, it
was hence proposed that an increase in the intensity of an
inflammatory response could be one of the many factors
contributing to the development of PPCM. "

Groundbreaking data into the pathogenesis of PPCM
have implicated prolactin cleavage to play a key role.*?
Recent findings showed that a 16-kDa fragment of prolactin
may induce myocardial damage®* offering new treatment
options in PPCM by blocking prolactin with bromocriptine.

Genetics

Only few studies have assessed the genetics of peri-
partum cardiomyopathy,''** with the occurrence in twins
of PPCM having been reported by Constanzo-Nordin and
O’Connell.**

Polymerase chain reaction testing has been recom-
mended in assessing the role of cardiotropic viruses in
inflammatory cardiomyopathies such as PPCM, not just in
endomyocardial biopsy tissue but possibly also in the
study of peripheral blood samples, particularly for IgM
detection during the viremic phase.*’

Persistent microchimerism has been implicated in the
etiopathogenesis of PPCM.*° This is the presence of fetal

cells in maternal circulation and suggests possible cross-
reactivity of any antibodies generated by the mother in
response to the circulating paternal antigen, irrespective of
the sex of the fetus. Unfortunately, current methods
of fetal cell detection are limited to the demonstration of
Y-chromosomal DNA, hence, relying on detection of fetal
male chromosomal DNA in maternal plasma within a
narrow period from term pregnancy to a few days
postpartum.® This test remains to be validated in the
evaluation of PPCM. However, high levels of fetal
microchimerism in mononuclear cells has been found in
patients with PPCM bearing high titers of autoantibodies;
these levels of fetal microchimerism are significantly
higher than that in control non-PPCM mothers during the
third trimester of pregnancy, at term, and in the first week
postpartum.*® Most of these autoantibodies happen to be
against human cardiac tissue proteins of 37, 35, and 25
kD,”*?% leading to autoimmune myocarditis'*~® and
thereby emphasizing the need to facilitate detection tools
for fetal microchimerism.

Another possible precipitant of apoptosis in PPCM and
heart failure in vitro is the proapoptotic pathway resulting
from overexpression of the 2 gene proteins Nix and
BNip3.*” Up-regulation of BNip3 was also observed in
postpartum ventricular tissue of mice with a cardiomyo-
cyte-specific deletion of the signal transducer and activator
of transcriptin-3 (STAT3, STAT3-KO mice) and was
associated with a high degree of myocardial apoptosis.**
However, this is yet to be confirmed in humans.

Prognosis

Recovery from PPCM has often been limited to
achievement of left ventricular ejection fraction more
than 50%,”** whereas the term “full recovery” in PPCM
has been considered to be achievement of both NYHA-FC
I and left ventricular ejection fraction more than 50%.°'°

Historically, most studies have suggested that full
recovery of left ventricular function occurs in up to 50%
of patients.™*’%*° Larger and more recent prospective
studies of patients from lower- and middle-income cohorts
suggest only a quarter will fully recover by the end of the
first 6 months,”'® whereas 10% to 15% would die by
6 months.”'” Long-term prospective outcome studies have
shown overall recovery in a quarter of all patients with
PPCM, most of these are achieved only 18 to 24 months
after diagnosis (Fig 2).'"*® Long-term overall mortality rates
in Haiti, Turkey, and South Africa are estimated at 15%" to
30%,'®'” with average death occurring at 54 + 41 months in
one study'® but within the first couple of months in another
study.’ This is markedly higher than the mortality rates of
0% to 6%**°%! and 9%’ reported in the United States.
Interestingly, two of these US studies demonstrate low
mortality rates, one of 0% mortality,”® and the other a 5-year
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risk of death of 6%, despite the high prevalence of
myocarditis within their PPCM cohorts of 50%"* and
29%,?8 respectively. The cohort by Felker et al** from the
United States further showed PPCM to bear far better
prognosis than all other forms of cardiomyopathy.

Earlier studies consistently showed greater chance of
survival in patients with higher ejection fractions and smaller
left ventricular end-diastolic diameters at baseline.”*"
Suggested left ventricular cutoff values predicting favorable
outcomes at 6 months after first presentation are higher than
27% for the ejection fraction and 5.5 cm or less for the end-
diastolic diameter.'® Strikingly, recent data imply that the
impact of baseline and 6-month left ventricular dimensions
and functions in predicting outcome falls away among long-
term patients with PPCM, that is, those who failed to recover
fully by 6 months.”** These long-term outcome studies
present the unified message that the natural history of PPCM
goes far beyond what our 6-month prognoses were
suggesting in earlier years. They show that although a
minority of only 25% of PPCM will recover, most will only
do so from 18 to 24 months onward.

Perhaps inclusion criteria that strictly excludes preex-
isting cardiovascular disease such as preeclampsia applied
in some of the more recent prospective studies of PPCM
has facilitated this revelation, which further strengthens
the theory that the higher rates of rapid recovery in earlier
studies could possibly be attributed to the reversible
effects of gestational hypertension. However, it may
remain true that inherent differences in the sociogenetic
predispositions of patients with PPCM between the United
States®”** and less developed societies™ ®!” account for
the better prognosis in the former group.

Consistent among studies of PPCM is the high risk of
relapse with subsequent pregnancy,”’* with remarkable
levels of mortality postpartum, alongside a strong association
between TNF-o and deteriorating left ventricular function.>

A recent publication by Forster at al*’ in an African
cohort showed that significantly higher baseline N-terminal
pro-B-type natriuretic peptide, failure to decrease oxidized
low-density lipoprotein, interferon 7, and prolactin were all
associated with poor outcome in patients with newly
diagnosed PPCM, suggesting a potential role of these
factors in the pathophysiology of PPCM and allowing
further exploration of target substances for monitoring and
treatment programs.

Therapy

Medical management and therapy of patients with
PPCM is similar to other forms of heart failure and has
been reviewed in detail.'

Administration of diuretics is indicated in the presence
of symptoms secondary to fluid retention, whereas

ionotropic agents are recommended in the presence of
peripheral hypoperfusion (particularly hypotension, de-
creased renal function). Temporary mechanical circulatory
assistance should be used in patients with acute heart
failure who are not responding to conventional therapy.
Generally favorable outcomes have been attributed to the
young age of recipients and to the relatively short duration
of heart failure, resulting in minimal end-organ damage.
Conventional pharmacologic therapy with angiotensin-
converting enzyme inhibitor or angiotensin receptor
blockers and, if hemodynamically stable, pB-adrenergic
blockade are effective in the treatment of PPCM. Because
of the potential hazardous effects on the fetus, hydralazine
(with or without additional nitrates) should replace
angiotensin-converting enzyme inhibitor use during preg-
nancy. Digitalis, an ionotropic agent, is also safe during
pregnancy and may help to maximize contractility and rate
control. However, its use requires close monitoring of the
patient, which may prove difficult in low-resource
environments. Cardiac transplantation has been performed
successfully in patients with PPCM.

Given the potentially inflammatory nature of PPCM
with up-regulated inflammatory cytokines as TNF-o,
interleukin 6, and Fas-Apo-1, there may be a role for
immunomodulatory therapy. A prospective study of 59
consecutive women with PPCM reported a significant
reduction in TNF-o and improved outcome in patients
receiving the immunomodulating agent pentoxifylline in
additional to conventional therapy that included angioten-
sin-converting enzyme inhibitors and f-blockers.”

However, further research into the pathomechanisms
of PPCM by Hilfiker-Kleiner et al** revealed the coexist-
ence of systemic oxidative stress and significantly higher
prolactin levels in patients with PPCM; this supports the
notion of the previously published concept that oxidative
stress-mediated prolactin cleavage into its detrimental
16-kDa form is crucial for the initiation of PPCM and
subsequent release of inflammatory cytokines. This sug-
gests that inhibition of prolactin with bromocriptine may
prevent a prolonged inflammatory response via activation
and perpetuation of the inflammatory cascade. A recent pilot
study in newly diagnosed patients with PPCM suggested
that this process can be ameliorated or even abolished
by administering the prolactin inhibitor bromocryptine.”*>

Challenges to improving diagnosis and prognosis
in Africa

The lack of uniformity in case definitions of PPCM
may result from clinicians differing in opinion about what
constitutes an alternative cause of heart failure in patients
evaluated for the diagnosis of PPCM, and it is fuelled also
by the shortage of large studies for this rare disease.
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Confounding the issue are studies comparing patients with
PPCM with various levels of gestational hypertension
from those who are hypertension naive.

In an attempt to address this deficit, the American
College of Cardiology guidelines now classifies PPCM as
an entity of its own,' whereas the European Society of
Cardiology has taken active measures toward this
process.’® To benefit from this success of recognizing
PPCM as a disease of its own, awareness of PPCM must be
raised among clinicians and across societies, as this has
been shown to contribute significantly to delayed diagnosis
and underreporting of PPCM.">” This will make a great
impact in developing societies, where levels of awareness
on cardiovascular disease are disproportionately lower
than the actual prevalence of cardiovascular disease,”
particularly so in Africa®® and more so for PPCM.

The plight against poverty-related infectious disease
has overridden many African countries’ ability to pay
sufficient attention to heart failure. Despite the greatest
burden of heart failure in Africa caused by 2 infectious
diseases, rheumatic heart disease and tuberculous
pericarditis,”® inequitable access to facilities permitting
the definitive diagnosis and management of these patients
have contributed to the paucity of research data on the
epidemiology of the many various forms of heart failure in
sub-Saharan Africa. To date, no population-based epide-
miologic studies on PPCM from Africa have been
published.®® Like idiopathic dilated cardiomyopathy,
PPCM is a diagnosis of exclusion. To confirm that the
case fits the definition as per Lampert et al”> mandates the
use of sophisticated echocardiography. The exhaustive
requirements for serologic tests, imaging, and, in more
mature women, cardiac catheterization to rule out
coronary artery disease falls beyond the capacity of most
tertiary health centers in sub-Saharan Africa. Patients in
rural areas continue to have grossly inequitable access to
health facilities capable of even the most basic of these
investigations. Recently, however, joint efforts to increase
global awareness of the burden of cardiac disease in Africa
has, to some extent, facilitated access to practical
solutions, such as partially subsidized portable echocardi-
ography equipment, and regional sharing of laboratory
services for the more rare disease tests.

Across the world, a major challenge to clinicians
remains the gross overlap between the clinical features of
PPCM and the dyspnea, fatigue, and pedal edema of
normal pregnancy.'®?>%!" In this regard, recent studies
have suggested that electrocardiogram be used as a simple
screening tool for heart failure in women presenting
peripartum with the aforementioned symptoms, whereas
women with abnormal electrocardiograms would merit
further investigations for PPCM."®

Globally, the gap in available data on PPCM remains
vast, and the shortage of long-term outcome studies is also

evident. We are only aware of 7 long-term outcome
studies, > 17274862 2 of which were retrospective in
nature.'>% Much of this should be overcome with new
research into the etiology of PPCM and also by the
creation and use of registries.®

Summary

Peripartum cardiomyopathy is a form of heart failure
often with a more devastating outcome in developing
societies. We have highlighted important theories on the
pathogenesis of PPCM, which have already served to shed
light on agents such as bromocriptine and potent
antiinflammatory agents that are currently being evaluated
in clinical trials. However, practical challenges in the
diagnosis and prognosis of PPCM remain, specifically so
in resource-poor settings. Contributing to these challenges
is the lack of consensus regarding etiologic mechanism
and clinical criteria permissible for PPCM. We would like
to emphasize, again, the need for concerted efforts and
population-based data, as per a registry, to overcome the
statistical barriers in evaluating the epidemiologic char-
acteristics of PPCM.
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3.2 Results of the Familial Aggregation Sub-Study

3.2.1 Case series and commentary:

“Familial Dilated Cardiomyopathy in Peripartum Cardiomyopathy: a tale of two cases”

Tibazarwa K, Sliwa K, Wonkam A,Mayosi BM

[Cardiovascular Journal of Africa. 2013; 25(5): pp. e4-e7]

This paper singles out just two of a series of cases of PPCM that were found to have relatives
with FDCM. The paper discusses the implications of these findings and compares how the

findings relate to recent data that emerged from two studies in developed societies.

Being framed as a letter to the editor, the article presents a detailed debate on the existing
evidence of some PPCM cases being FDCM manifesting post-partum; it proceeds to outline a

number of thought-provoking recommendations.

This paper was important for this PhD in that it maps out current theories and debates that
are a major aspect of the research, i.e. addressing the genetic contribution to PPCM - at both
clinical and molecular level. Despite being restricted to the length-limits of a case report
publication, the manuscript forms a platform onto which the authors could do an in-depth
review of the various concepts published on the genetics of PPCM and synthesise

suggestions in terms of approaching the genetics of PPCM going forward.
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Peripartum cardiomyopathy and familial dilated
cardiomyopathy: a tale of two cases
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Abstract

Peripartum cardiomyopathy (PPCM) is a form of pregnancy-
related heart failure that is associated with considerable
morbidity and mortality. Most patients present with acute
postpartal heart failure that otherwise resembles the clini-
cal presentation of dilated cardiomyopathy (DCM). There
is increasing recognition that PPCM may be due to genetic
factors in a significant proportion of cases. There is evidence
that at least 7% of cases of PPCM may be part of the spec-
trum of familial DCM. We report on two cases of PPCM,
with relatives demonstrating familial DCM, both patients
displaying autosomal dominant patterns of inheritance, and
showing severe cardiomyopathy among proband and affected
relatives. Family screening for familial DCM should be indi-
cated in all cases of unexplained PPCM.
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Peripartum cardiomyopathy (PPCM) causes heart failure in
women of child-bearing age. We describe two African patients
with PPCM, diagnosed according to standard criteria,’ who
underwent comprehensive screening of first-degree relatives
and were found to have familial disease. Informed consent was
obtained from both patients and the study protocol conformed
to the ethical guidelines of the 2008 Declaration of Helsinki
as reflected in a priori approval by the human research ethics
committee of the University of Cape Town.
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Case report 1

A 22-year-old mother of two presented 27 days postpartum with
one week of symptoms and was diagnosed with PPCM. Despite
treatment, she died at home within six months. Family screening
found her mother to have asymptomatic dilated cardiomyopathy
(DCM) (Fig. 1).

After opting for conservative management, the mother
developed symptomatic DCM a year later, presenting in florid
heart failure. Cardiac catheterisation and other investigations
excluded coronary artery disease (CAD). The index case’s
half-sister admitted to a history of dizziness, low blood
pressure and occasional fainting episodes in crowds but had no
echocardiographic evidence of DCM.

Case report 2

A 23-year-old mother of two presented two months postpartum
with PPCM. Family history revealed an unspecified heart
condition in her mother, who died shortly after a cerebro-
vascular accident at age 60 years (Fig. 2). Her sister apparently
developed heart failure four years after her first delivery at 19
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Fig. 1. Pedigree of index case (arrowed) with peripartum
cardiomyopathy with familial disease (Family I). (DCM,
dilated cardiomyopathy)
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years of age and deteriorated after the birth of her second child
10 years later. This sister soon suffered a stroke and died one year
after the second childbirth.

Active family screening revealed symptomatic DCM in
her 39-year-old brother, without CAD; and asymptomatic
left ventricular (LV) systolic dysfunction in her 22-year-old
sister. Screening one elder sister showed Wolf-Parkinson-White
syndrome.

These two cases of PPCM have at least one family member
with DCM, and therefore meet the definition of familial
cardiomyopathy.? The presentation in both cases is compatible
with autosomal dominant inheritance.

PPCM and idiopathic DCM

The distinction of PPCM from idiopathic DCM may be difficult
because both conditions are characterised by LV dysfunction
with no apparent cause. Indeed, some investigators have proposed
that PPCM may simply be idiopathic DCM manifesting in
late pregnancy, this being a time when the haemodynamic
changes of pregnancy could overwhelm the heart.* Along this
hypothesis, increased preload leads to LV dilatation and cardiac
insufficiency, a theory partly supported by earlier studies in
which a number of cases presented in the last month antepartum
or immediately postpartum.

However, such theory is not supported by studies showing
that PPCM with no gestational hypertension present on average
at two months postpartum,*® having developed symptoms within
two months postpartum.®” By this time, these haemodynamic
changes of pregnancy would have ceased.! However, cohorts
with predominantly postpartum-onset PPCM display prognoses
similar to those of idiopathic DCM, with far slower recovery
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than in PPCM phenotypes with predominantly gestational
hypertension.'’

Even though most women with asymptomatic or mildly
symptomatic idiopathic DCM tolerate pregnancy uneventfully,®
as with other pre-existing heart disease, any subclinical
cardiomyopathy may be associated with the worsening of
symptoms in the second trimester of pregnancy when the
haemodynamic stress on the heart is maximal.* However, recent
attempts to broaden the traditional gestational period defining
PPCM° have renewed the controversy. Clear consensus on case
definition is vital before clinical and epidemiological patterns
can be reliably described.

Studies show 20-50% of all idiopathic DCM cases to have
familial disease.”!" Although women have been shown in some
studies to be equally affected as men,””> more studies suggest a
male predominance.” However, less than a handful of studies
report on the incidence and outcomes of pregnancy in women
with familial DCM.* To the best of our knowledge, no study
has systematically investigated all immediate relatives of PPCM
patients to ascertain the prevalence of familial DCM among
these patients.

PPCM and familial DCM

There have been several reports of familial disease in PPCM. 31
Two Western studies and one South African case series suggest
that a subset of PPCM patients may be part of the spectrum
of familial DCM presenting in the peripartum period.'*"*"
Surprisingly, PPCM patients in each of these two Western
studies almost uniformly presented postpartum, with only
one case in each study presenting within the last six weeks
of term pregnancy (i.e. only one to two weeks from the
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Fig. 2. Pedigree of index case (arrowed) with peripartum cardiomyopathy with familial disease (Family Il).
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traditionally defined time of onset of PPCM)."** These studies
were weakened by their exclusion of patients who recovered LV
function within the first year, thereby cutting out 25-50% of the
spectrum of PPCM patients and favouring the possibility that
only FDCM phenotypes were retained, as the latter rarely recover
LV function.

Nonetheless, these findings raise two pertinent questions.
First, other than postulations of late-pregnancy oxidative stress
triggering the PPCM phenotype, how did these putative familial
DCM cases surpass the expected time of presentation for
pre-existing heart disease in the second trimester? Second, could
the genetic polymorphisms or mutations identified so far in
PPCM cases with familial disease be a co-incidental finding,
while the real culprits for PPCM phenotypes lie in other genetic
mutations inadequately sought for beyond those known to cause
familial DCM?

Familial DCM manifests in an age-dependent manner with
incomplete disease penetrance.’ Therefore, in the absence of
long-term, population-based studies, answering our second
question will remain a challenge. As heterogeneous as familial
DCM is, over 40 defective genes have been associated with
inherited DCM, although they account for a minority of familial
DCM cases.'¢

Genome-wide association studies (GWAS) may succeed in
identifying pathogenic mutations for PPCM. The only known
attempt at GWAS in PPCM patients was done in Utah,"”
and revealed 10 single-nucleotide polymorphisms (SNPs) that
may play a role in the pathogenesis of PPCM."” Of these,
one SNP (located on chromosome 12) demonstrated genome-
wide significance for PPCM, likely triggering disease through
abnormal immune modulation.”” The strength of the study
lies in its efforts to exclude patients with co-morbidities that
would confound the diagnosis of PPCM, and for screening
a variety of controls, including post-menopausal controls,"”
to enable discovery of PPCM-associated loci relevant to the
at-risk population of pregnant/potentially pregnant females."”
Furthermore, the authors went as far as to describe 30 other SNPs
which appeared to predict the absence of PPCM, " suggesting a
route for the exploration of protective mechanisms to PPCM.

Recent advances favouring PPCM as an independent disease
shows in vitro and in vivo evidence of an abnormal 16-kDa
prolactin pathway intertwined with oxidative stress."® However,
given that oxidative stress, together with signal transducer
and activation of transcription factor-3 (STAT-3) depletion,
as implicated in this model may be common to most forms
of severe heart failure, including idiopathic DCM,"” the only
component to this pathway that might remain unique to PPCM
is that fuelling production of the 16-kDa fragment of prolactin.
However, linking this abnormal prolactin pathway exclusively to
PPCM would require proof of its absence in women with familial
DCM, including relatives who subsequently fall pregnant and
deteriorate.

Despite the GWAS described above'” having failed to find
any SNP or other variation on the STAT-3 gene to account
for PPCM, it introduced the possibility of an association
between polymorphic variations (SNPs) on the STAT-5 gene and
PPCM. This is important because STAT-5 is a known culprit in
idiopathic DCM,"” making the thought of it playing a role in the
development of PPCM an interesting possibility.

Novel data further suggest that imbalances between cardiac

pro-angiogenic factors PGC-1a and vascular endothelial growth
factor (VEGF), and anti-angiogenic factors such as the VEGF
inhibitor soluble F1t1 may result in PPCM, and that this association
is more profound in the presence of gestational hypertension
and multiple pregnancy.” If indeed these mechanisms become
validated, it would be essential to establish any genetic bases for
these abnormalities.

Conclusion

There are several lessons to be learned from this detailed family
study of two cases with PPCM. First, we emphasise the need
for family screening of PPCM and idiopathic DCM patients, '
with long-term follow up of screened persons, particularly of
females of child-bearing age. There is a need for well-structured
incidence studies of PPCM and idiopathic DCM, with baseline
echocardiograms of primary relatives (irrespective of symptoms),
pre-pregnancy echocardiography of all women being followed up
(irrespective of underlying co-morbidities), and follow up with
echocardiography every two to five years.”’ This exercise could
mould routine practice, given the high prevalence of familial
DCM, its lethal course, and the suggested benefits of treating
asymptomatic relatives with LV dysfunction."

Aside from the GWAS reported several years ago,"” the search
for genetic abnormalities in PPCM has remained narrowed
towards screening for mutations (or SNPs) associated with
familial DCM. It would be recommended to expand on the
reported GWAS by testing the clinical impact of the SNPs
already suspected to be associated with PPCM."” Furthermore,
in the hope of identifying new SNPs accountable for PPCM
through target-gene search or GWAS, it may be logical to start
comparing genotypes of extreme phenotypic presentations of
both PPCM and idiopathic DCM (i.e. mild versus severe) within
and across their respective diagnostic groups.

In addition, in the search for PPCM-specific genetic
abnormalities, the co-existence of the abnormal 16-kDa prolactin
cascade would need to be evaluated in familial DCM patients
who deteriorate in pregnancy, and the genetic abnormalities
programming this abnormal pathway further explored. Lastly,
next-generation sequencing (NGS) is a recently developed,
massively parallel, large-scale sequencing technology that has
been used for rapid gene cloning and mutation detection. Taking
advantage of the larger size of families in Africa, NGS with
exome selection could be used to identify the causative genes
and to improve both genetic and clinical delineation of DCM
and PPCM.
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3.2.1 Full report on the family screening study:

“One-third of PPCM cases may be Familial Dilated Cardiomyopathy”

Tibazarwa K, Sliwa K, Wonkam A, Boulle A, Mayosi BM

[Presented at the Annual SAHA Congress — October 2011]

This study was novel in it being the first large series of PPCM patients to undergo detailed
systematic family screening of eligible first degree relatives for the presence of familial DCM.
Our findings support the notion that over a third of PPCM cases bear familial DCM; a
proportion similar to the prevalence of familial DCM amongst so-called idiopathic DCM
patients. This in turn supports the notion that at least this sub-set of PPCM patients may

form part of the spectrum of familial DCM.

The study was also novel in its attempt to compare the prevalence of familial DCM amongst
PPCM patients with that in women presenting with pregnancy-associated heart failure in the
context of current or prior history of hypertension. Interestingly, we demonstrate the latter
group of women to also be at risk of familial disease - albeit at a far lower risk than PPCM

patients.

Through this study, we were able to recommend with confidence that routine family

screening may be as merited in PPCM as it is in DCM.
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“One-third of PPCM cases may be Familial Dilated Cardiomyopathy”

Rationalé

Non-systematic studies have revealed that siblings of PCM patients demonstrate left ventricular
dilatation and left ventricular dysfunction. Furthermore, despite a number of scientific contributions
towards understanding possible predisposing factors for PPCM, its clinical resemblance to idiopathic
DCM remains undeniable, including recent revelations that PPCM cases defined strictly as per the
standard diagnostic criteria (Sliwa et al, 2010) may follow a similar natural history to idiopathic DCM.
In our continued efforts to evaluate how the two can be clinically differentiated, we assessed familial
occurrence of DCM in patients with PPCM in an attempt to compare it with that known for

idiopathic DCM.

Results

A total of 51 families of un-related PPCM patients were approached for family screening [Figure 7].
However, over half of these family screening attempts failed for a variety of reasons, ranging from
reluctance to come to hospital to pre-entry exclusion of first degree relatives on the basis of

concomitant disease, such as hypertension, diabetes, HIV infection and so forth.

For purposes of this paper, detailed analysis of PPCM patients (i.e. probands) was restricted to the
18 families with at least one first degree relative eligible and successfully screened for the presence
of DCM. From these 18 probands, a total of 44 relatives were successfully screened, giving a mean of
2.4 relatives screened per proband. 43% of screened relatives were male, without there being any

statistically significant difference in the proportion of female relatives compared to males.
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Tables 6 to 8 show the demographic and clinical profiles for PPCM cases and for all relatives,
including echocardiographic findings [Table 8]. The mean age of probands was 28 years (* 7 years);
the group of relatives did not differ significantly in age from the group of probands (median age 24

years, IQR 18-34 years; p=0.3).

Of the 18 probands: a total of 4 probands (22%) had at least one relative with definite
echocardiographic evidence of DCM, rendering them positive for familial disease; a further 3 (16%)
had at least one relative with possible DCM, rendering them possible bearers of familial disease [see
Figure 7]. In these families with definite and possible familial disease, we cannot preclude the
potential for an underlying genetic cause for development of the PPCM phenotype in the proband,
as would be required to fulfil it being a diagnosis of exclusion; hence we consider these cases to be
familial DCM.NB: This brings the total prevalence of familial dilated cardiomyopathy amongst first

degree relatives of PPCM patients to 39%.

Relatives across the three different categories of being affected did not differ from each other
significantly in their demographic and basic clinical profile. Both autosomal dominant and autosomal

recessive patterns of inheritance were seen amongst the families of patients with PPCM [Figure 8].

Interestingly, one of the patients presenting with PPCM and manifesting hypertensive heart failure
in pregnancy (HHFP, i.e. pregnancy-associated heart failure with current or prior history of
hypertension) also demonstrated possible familial disease (HHHP). This was in the form of autosomal

dominant pattern of inheritance.

A full list of pedigrees for families of patients screened can be seen in section 7 of the Appendix

section at the very end of this thesis.
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Figure 7. Flowchart illustrating participant flow from recruitment to diagnosis
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Table 6.Bio-demographic profile of PPCM probands and their first degree relatives screened

ST
PROBANDS 1 DEGREE RELATIVES
All Relatives p

Age (years) 28+7 24 (IQR 18-34) 0.339
Parity 1.5 (IQR 1-2) 1417 0.007
BMI (kg/m ) 27 6 28+7 0.625
Pulse rate 97 £18 70+ 11 <0.001
Blood pressure

. Mean systolic (mmHg) 105 + 15 118 + 13 0.003

. Mean diastolic (mmHg) 68+7 75+8 0.006

*Standard deviation ( SD); Inter-quartile range (IQR)

#Applies to female relatives only

Table 7. Heart failure symptomatology in screened first degree relatives of PPCM patients

Symptom Prevalence among probands
Dyspnoea

(NYHA FC Il or greater) 100%

Dizziness 31%
Palpitations 44%

Chest pain 25%

Lower limb swelling 56%

Other 56%

(eg. Abdominal pain)

st
Prevalence among 1 degree relatives

2%

3%

6%

10%

0%

0%

<0.001

0.240

0.099

0.809

0.001

NYHA FC Il - New York Heart Association Functional Class Il
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Table 8a.Echo-cardiographic characteristics of PPCM patients in comparison with their relatives

Echocardiographic measurement Proband 1 Degree Relatives p
LVISd (cm) 0.9 09+0.2 1.000
(IQR 0.8-1.1)
LVEDd (cm) 6.2+0.7 4.8+0.4 <0.001
LVPWd (cm) 0.95 0.9+0.2 0.712
(IQR 0.7-1.1)
LVISs (cm) 11 1.3+0.3 0.108
(IQR 0.9-1.4)
LVEDs (cm) 5.0+0.7 3.2+0.4 <0.001
LVPWs (cm) 1.3 1.4+0.4
(IQR 1-1.2)
Fractional shortening (%) 19+8 34+6 <0.001
Ejection fraction (%) 33+14 61+9 <0.001
Mitral valve area (cmz) 3.7+15 3.3+0.8 0.410
Pressure half time (cm/s) 101+ 73 76 £ 16 0.105
Deceleration time (cm/s) 205 247 0.710
(IQR 134-676) (IQR 216-310)
Aortic root (cm) 2.4+0.5 2.6+0.4 0.19
Left atrial diameter (cm) 3.9+0.9 3.3+0.7 0.02
Mild-severe valve regurgitation 63% 3% <0.001
(% of sub-group population) 44% 16% 0.040
. Mitral
. Tricuspid
Dilated right-sided chamber(s), 6% 6% 0.543
[% of population]
Raised right ventricular systolic pressure 63% 0% 0.063
(% of population)

LVISD - Left ventricular septal width in diastole; LVEDd — Left ventricular end-diastolic diameter; LVPWD - Left ventricular posterior wall
width in diastole; LVISs — Left ventricular septal width in systole; LVEDs Left ventricular end-systolic diameter; LVPWs — Left ventricular
posterior wall width in systole.



Table 8b.Summary of key abnormal echo findings among first degree relatives of PPCM patients

Echo-cardiographic measurement

Dilated LV in diastole

Dilated LA in diastole

Reduced ejection fraction

Mitral regurgitation

Tricuspid regurgitation

[LVLeft ventricle; LA Left atrium]

Proband

100%

25%

81%

63%

44%

Relatives

19%

13%

6%

3%

16%

<0.001

0.186

<0.001

<0.001

0.040
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Figure 8. Pedigrees where relatives of PPCM probands screened positive for DCM
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3.2.2 Areport on our screening of PPCM patients for Lamin A/C mutations:

This sub-study addressed a specific component of the genetic aetiology of PPCM; it sought to
establish the prevalence of one of the most notorious genetic mutations associated with its clinical
simulant familial DCM. This concerns the Lamin A gene (LMNA), which codes for the Lamin A and C
proteins found in muscular tissue. A number of LMNA mutations are known to be associated with
more aggressive clinical presentations of DCM due to the increased occurrence of deadly
arrhythmias, heart failure and higher mortality. These three disease outcomes are common in PPCM
patients of this study, although so far there hasn’t been any clear clinical parameter that could
predict which patients would be likely to do worse. Thus, we postulated that patients doing worse in
this regard may bear an underlying genetic predisposition to doing worse, such as harmful mutations

to the Lamin A/C gene.

Despite two recent studies, one from the Netherlands (Van Spaendonck et al, 2010) and the other
from USA (Morales et al, 2010) having attempted to screen their PPCM patients for this mutation,
this study remains the first to systematically screen a large number of prospectively recruited PPCM
patients with the primary intention of genetic analysis. Although our results differed from those
from Western societies, as indicated above (Van Spaendonck et al, 2010; Morales et al, 2010), in that
we did find Lamin A/C abnormalities to be prevalent in our PPCM patients, all were well-

documented SNPs, with the vast majority reported to be non-pathogenic.

Our experiment failed to demonstrate any novel mutation on the LMNA gene. However, given that
the only other genetic abnormality of pathologic potential in PPCM was found on a different
chromosome using Genome Wide Association Studies in the United States, our study remain the first
to perform a systematic exon-sequencing of the LMNA gene in a statistically significant number of
PPCM patients. Our sample size was not particularly small. Yet a larger sample size may have helped
to overcome any under-estimation of the occurrence of pathogenic Lamin A/C mutations amongst

the PPCM patients.
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A report on our screening of PPCM patients for Lamin A/C mutations

The Lamin A Gene (LMNA)
The Lamin A/C gene codes for both the Lamin A and Lamin C proteins. We refer to the

portions encoding for Lamin A as LMNA [see Figure 9 below].

Figure 9. The Lamin A Gene (LMNA) and its constituent exons

[Adapted from Parks et al, 2008; and Perrot et al, 2009]

The LMNA gene is shown (LMNA). The Lamin A protein is coded by exons 1-12 and has a
total of 664 amino acids in length. Lamin Cis coded by exons 1-9 and an alternatively
spliced exon 10, and is 572 amino acids long. White boxes are coding, while grey-shaded
boxes are un-translated regions. Lamin A protein results from alternative splicing that adds
exons 11 and 12 and removes the Lamin-C-specific portion of exon 10 (the latter being

shown as the upper of the two boxes marked exon 10).

Screening for LMNA mutations in PPCM patients

Genetic screening for mutation on the Lamin A/C gene (LMNA) was successfully conducted
in 38 PPCM patients alongside two separate pairs of controls matched for sex and ethnicity,
as described in the methods section above.

I. Bio-demographic profile of PPCM probands

Table 9 shows the bio-demographic profile of the 38 PPCM patients recruited. None of the

patients had hypertension or raised blood pressure on presentation.
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Table 9. Bio-demographic profile of the 38 PPCM patients

Proband

Age (years) 28+7
Parity 1.5 (IQR 1-2)
Of African Descent 95%
BMI (kg/m°) 27 +6
Pulse Rate 96+ 18
Blood Pressure

*  Mean systolic (mmHg) 104 £ 16

*  Mean diastolic (mmHg) 68+7

Il. Results of genetic screening for mutation to the Lamin A/C gene

As per the methods, primers were designed to cover all the exonic region of the LMNA gene,
but parts of the intron on either side of the exon were included. 12 exons were identified
for the LMNA gene, each complete with the appropriate flanking regions.

As many runs of the amplification process were done as was deemed necessary to ensure
the best possible result in amplified material. Sequencing analyses were performed on all
amplified tracings where high-resolution melt analysis curves suggested the presence of a
possible variation. PPCM patients demonstrated abnormalities in 6 of the 12 exons [see
Table 10], most of which were within the intronic region of that exon.

Amidst these 6 exons, a total of 9 mutations were observed; 78% of which were intronic, 22%
synonymous. All of the 7 intronic changes were known SNPs [see Figure 10]. Of the two
synonymous variations, one was reported by dbSNP to be non-pathogenic, whilst the other
remained untested; according to both dbSNP and 1000 genomes databases. Still, the fact
that both are polymorphisms makes the likelihood of the untested one being non-
pathogenic very high.

Of marked importance, however, is the absence of any novel mutation amidst our PPCM

patients.

74



Table 10. Sequencing analysis for mutations in Lamin A/C gene in PPCM patients

Amino acid
Location No. of Patients with Mutations Nucleotide change h Mutation type Documented in Literature Pathogenic*
change
10 Heterozygous/6 Homozygous €.639+56G>T - Intronic dbSNP: rs11264442 No (dbSNP, Mutation Taster)
Exon 3
13 Heterozygous/2 Homozygous €.639+73C>T - Intronic dbSNP: rs11264443 Untested (1000 Genomes)
13 Heterozygous/1 Homozygous c.810+13G>T - Intronic dbSNP: rs11264444 No
Intron 4
13 Heterozygous/1 Homozygous c.810+61C>T - Intronic dbSNP: rs11264445 No
3 Homozygous/14 Heterozygous c.1157+16G>A - Intronic dbSNP: rs534807 No (dbSNP, Mutation Taster)
Intron 6
8 Heterozygous ¢.1097+50A>G - Intronic dbSNP: rs16837198 No
Exon 7 6 Heterozygous c.1338T>C p.D446 Synonymous dbSNP: rs505058 No (dbSNP), Untested (1000 Genomes)
dbSNP: rs4641
Exon 10 1 Heterozygous €.1698C>T p.H566 Synonymous Untested (1000 Genomes)
HGMD-PUBLIC: CM003892
Intron 11 2 Heterozygous ¢.1968+26A>G - Intronic dbSNP: rs80264244 Untested

*The pathogenicity of the given abnormality was determined by searching relevant published genetic databases, namely: Ensemble NCBI dbSNP,

Human Gene Dabatabase (HGMD), Mutation Taster and 1000 Genomes.
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Figure 10. lllustrated: localisation of the variations in the Lamin A gene found in patients with

Peripartum Cardiomyopathy
[Adapted from Parks et al, 2008; and Perrot et al, 2009]

LMNA
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A. Locations of the SNP variations are shown below the respective intron/exon.
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B. Sequencing electropherogram showing heterozygosity for one of the known SNPs seen on

the LMNA gene in PPCM patients
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3.3 Results of the ECG Sub-Study

“The 12-lead ECG in Peripartum Cardiomyopathy”

Tibazarwa K, Lee G, Mayosi BM, Carrington M, Stewart S, Sliwa K

[Cardiovasc J Afr. 2012 Feb 16,23:1-8. doi: 10.5830/CVJA-2012-006]

Presented at SAHA Annual Congress in Durban (October 2008)

Presented at: HFA (ESC) in Nice, France (May 2009); ESC Congress in Barcelona, Spain (August 2009);

ICEPS in Athens, Greece (December 2011)

This study was original in that it provided the first large series of PPCM patients that were
systematically assessed for the ECG characteristics of PPCM at baseline and, where possible, at six

months after commencement of treatment.

Here, we showed that while the ECG in PPCM did not appear to bear characteristics unique to PPCM,
it appeared useful as a screening tool for clinicians to tease out peripartal women with some form of

heart failure from those without any heart disease.
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Cardiovascular Topics

The 12-lead ECG in peripartum cardiomyopathy

KEMI TIBAZARWA, GERALDINE LEE, BONGANI MAYOSI, MELINDA CARRINGTON, SIMON STEWART,

KAREN SLIWA

Abstract

Background: The value of the 12-lead electrocardiogram
(ECG) to provide prognostic information in the deadly and
disabling syndrome peripartum cardiomyopathy (PPCM) is
unknown.
Aims: To determine the prevalence of major and minor ECG
abnormalities in PPCM patients at the time of diagnosis, and
to establish whether there are ECG correlates of persistent
left ventricular dysfunction and/or clinical stability at six
months of follow up, where available.
Methods: Twelve-lead ECGs were performed at the point of
diagnosis on 78 consecutive women presenting with PPCM
to two tertiary centres in South Africa and 44 cases (56%) at
the six-month follow up. Blinded Minnesota coding identified
major ECG abnormalities and minor ECG changes.
Results: The cohort mainly comprised young women of black
African ancestry (90%) [mean age 29 + 7 years and median
body mass index 24.3 (IQR: 22.7-27.5) kg/m*]. The major-
ity of cases (n = 70; 90%) presented in sinus rhythm (mean
heart rate 100 = 21 beats/min). At baseline, at least one ECG
abnormality/variant was detected in 96% of cases. Major
ECG abnormalities and minor changes were detected in 49%
(95% CI: 37-60%) and 62% (95% CI: 51-74%) of cases,
respectively; the most common being T-wave changes (59%),
p-wave abnormality (29%) and QRS-axis deviation (25%).
Of the 44 cases (56%) reviewed at six months, normalisa-
tion of the 12-lead ECG occurred in 25%; the most labile
ECG features being heart rate (mean reduction of 27 beats/
min; p < 0.001) and abnormal QRS axis (36 vs 14%; p =
0.014). On an adjusted basis, major T-wave abnormalities
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on the baseline 12-lead ECG were associated with lower
left ventricular ejection fraction (LVEF) at baseline (aver-
age of -9%, 95% CI: -1 to —16; p = 0.03) and at six months
(-12%; 95% CI: -4 to —24; p = 0.006). Similarly, baseline
ST-segment elevation was also associated with lower LVEF
at six months (-25%; 95% CI: —0.7 to —50; p = 0.04).
Conclusions: In this unique study, we found that almost all
women suffering from PPCM had an ‘abnormal’ 12-lead
ECG. Pending more definitive studies, the ECG appears to
be a useful adjunctive tool in both screening and prognostica-
tion in resource-poor settings.

Keywords: peripartum cardiomyopathy, ECG, baseline, follow
up, comparative study, South Africa
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Peripartum cardiomyopathy (PPCM) is a form of heart failure
(HF) with poorly understood aetiology, occurring between the
last trimester of pregnancy and up to the first five to six months
postpartum.'? Despite an early definition,’ later modified by
Pearson and colleagues,* there is no consensus regarding PPCM
as a single entity among the leading cardiology societies.” The
European Society of Cardiology recently declared PPCM a
distinct disease entity,' although it may take time before wider
awareness of PPCM facilitates more timely diagnosis and pro-
active treatment. This is unfortunate given that PPCM causes
left ventricular (LV) dysfunction, is more common in particular
populations (e.g. African women®) and is associated with poor
clinical outcomes and survival rates.”®

Some studies suggest the incidence of PPCM is one in
3 000 live births. However, one African study found it to be one
in 1 000 live births.’ There is also a very high risk of relapse in
subsequent pregnancies,™" even following full recovery of LV
function after the first pregnancy.® Therefore, early and definitive
diagnosis of PPCM is essential to limit the high risk of morbidity
and mortality in both current and subsequent pregnancies.

Definitive diagnosis and subsequent management of PPCM
requires a high index of suspicion. It also usually requires refer-
ral to a tertiary centre for echocardiographic studies and special-
ist cardiological management. Anecdotal evidence suggests that
many women who initially present with signs and symptoms
indicative of PPCM are diagnosed with ‘non-specific symptoms
of the puerperal period’. The misdiagnosis of PPCM (often lead-
ing to clinical deterioration and in some instances death) repre-
sents a clear target for early intervention and prevention. Until
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specific aetiologies are identified, PPCM remains a diagnosis
of exclusion.

Women in their peripartum period suspected with PPCM
require rigorous investigation; a costly and laborious process for
the patient and healthcare provider. This is particularly difficult in
a resource-poor environment. Although screening with (point-of-
care derived) brain natriuretic peptide (BNP) levels may offer a
means of detecting elevated atrial pressures secondary to systolic
dysfunction (particularly given the age of those affected®'>"),
for example, technical and cost issues remain that prohibit their
use. In settings such as sub-Saharan Africa where resources are
scarce but the incidence of PPCM is high, the advantages of
finding alternative screening tools for this condition that truncate
the need for more extensive investigations, while being simple
and inexpensive to apply, are abundantly clear.>'*

Although there is a paucity of electrocardiographic data
specifically relating to PPCM, an ‘abnormal’ 12-lead electrocar-
diogram (ECG) is common in individuals with HF syndrome,
with common anomalies including supraventricular arrhythmias,
bundle branch block, and sinus bradycardia.”” Given the above,
we undertook a prospective, pilot study of the 12-lead ECG in
a consecutive cohort of newly diagnosed women with PPCM
in South Africa. Specifically, the primary aim of this study was
to describe the baseline ECG characteristics in PPCM patients,
noting the type and prevalence of major and minor ECG abnor-
malities. We also sought to analyse six-month follow-up ECGs
(where available) of PPCM patients to determine potential ECG
correlates of persistent LV dysfunction and/or clinical stability,
where possible, as repeat ECGs are not part of the routine follow
up of PPCM patients.

Methods

Consecutive patients presenting with de novo PPCM to two
tertiary centres in South Africa (Chris Hani Baragwanath
Hospital, Johannesburg, and Groote Schuur Hospital, Cape
Town) between January 2003 and August 2008 were studied.
Patients were referred from primary and secondary health facili-
ties, as well as internally from other departments. Only patients
aged > 17 years who fulfilled the diagnostic criteria for PPCM*
were considered eligible for the study. For recruitment, previ-
ously described' inclusion and exclusion criteria had to be met.

Ethical approval was obtained from each of the local ethi-
cal committees of the universities of Cape Town and the
Witwatersrand, respectively, prior to the commencement of the

TABLE 1. MAJOR ABNORMALITIES AND MINOR 12-LEAD
ECG VARIATIONS BASED ON MINNESOTA CODING

Major ECG abnormality

Q-wave abnormalities

Minor ECG variations
Borderline Q waves
ST-segment depression Left- or right-axis deviation
T-wave inversion

2° or 3° AV block
Complete LBBB or RBBB

Frequent premature atrial or
ventricular beats

Atrial fibrillation or flutter

AV = atrio-ventricular; LBBB = left bundle branch block; RBBB =
right bundle branch block. (Adapted from de Bacquer ef al., 1998).”

High-amplitude R waves
Borderline ST-segment depression
T-wave flattening

Low QRS voltage

study. This study complied with all the requirements of the
Declaration of Helsinki. All patients were offered treatment and
follow up as per the local standard of tertiary care.

A total of 78 women presenting with PPCM were studied.
Of these, 56% had follow-up ECG data and were included in
the comparative study analyses. Of those patients who had
not had six-month ECGs (n = 34), three patients died (3.9%).
Importantly, patients with repeat six-month ECG data did not
differ significantly with respect to baseline heart rate, NYHA
functional class, and left ventricular ejection fraction (LVEF)
from the remaining cohort.

All patients with the provisional diagnosis of PPCM under-
went a thorough medical interview and examination, and were
investigated to confirm the diagnosis at baseline. All patients had
a 12-lead ECG and echocardiography. Additional investigations
were performed on a case-by-case basis. Data were captured on
standardised case report forms.

A 12-lead resting ECG was performed by a trained techni-
cian and analysed by a reviewer blinded to all clinical data
(GL), using the Minnesota code classification system.” The
code allows systematic classification of Q and QS patterns,
axis deviation, R waves, ST depression and elevation, T-wave
changes, along with conduction abnormalities in both atria
and ventricles.”'® The abnormalities detected by the Minnesota
code were pooled into major abnormalities and minor variations
from the ‘normal’ 12-lead ECG using the classification system
previously applied by de Bacquer and colleagues” (Table 1).
Separate analyses for ST-segment depression, arrhythmia or
atrio-ventricular (AV) block, bundle branch block and left-axis
deviation were also performed.

Standard methods for two-dimensional Doppler transthoracic
echocardiography were applied as per the American Society
of Echocardiography guidelines. LV systolic dysfunction was
defined by echocardiographic documentation of left ventricular
ejection fraction (LVEF) < 45%. All studies were saved onto

TABLE 2. BASELINE CLINICAL AND DEMOGRAPHIC
PROFILE

Socio-demographic profile
Mean age (years) 29 + 7%
Proportion black African (%) 90
Obstetric profile

Median parity 2 (IQR 1-3)**
Median postpartum period at presentation 18 (IQR 6-30)**
(days)

Clinical presentation
Proportion with New York Heart Associa- 64

tion functional class III or IV (%)

Median body mass index (kg/m?) 24.3 (IQR 22.7-27.5)**

Mean pulse rate 99 + 19*
Blood pressure (mmHg)

Mean systolic 116 £20*
Mean diastolic 76 + 14*

2D Doppler echocardiography

Median intra-ventricular septal thickness
in diastole (cm)

Mean left ventricular end-diastolic diam-
eter (cm)

Mean ejection fraction (%)

*Standard deviation (£ SD); **interquartile range (IQR).

0.9 (IQR 0.8-1.1)**
58+0.7*
30.5+9*
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hard-drive facilities, and a random sample of these was reviewed
by a cardiologist blinded to the clinical details of these patients,
to confirm the accuracy of parameters describing cardiac struc-
ture and function.

Statistical analyses

All data analyses were performed with STATA-8.>' For numeri-
cal variables, we report on the mean [standard deviation (SD)]
for normally distributed variables, and median [inter-quartile
range (IQR)] for non-parametric variables. Comparison between
baseline and follow-up ECGs was done using paired t-tests
for normally distributed numerical variables, Mann-Whitney/
Wilcoxon signed rank tests for non-parametric paired numeri-
cal variables, and chi-squared tests for categorical variables and
proportions. Multivariate analysis was conducted using linear
and logistic regression for numerical and categorical outcome
variables, respectively.

Results

Table 2 summarises the clinical and demographic profiles of the
78 women with de novo PPCM, 10 of whom experienced a first-
ever detected episode of mildly raised blood pressure at some
stage during the index pregnancy. The case report and Fig. 1
describe such a typical case.

Interestingly, no patients under the age of 17 years presented
to either study unit and 90% of patients included were young
women of African ancestry. Of the 10% that were of non-black
African ethnicity, almost all were of mixed ancestry, with only
one Caucasian patient. The majority of respondents were normo-

tensive and experienced onset of symptoms in the postpartum
period (median 18 days, IQR 6-30 days). However, 8% of
respondents reported the onset of symptoms prepartum, of which
only two were hypertensive (one mild and the other with moder-
ate hypertension, defined as per standard protocol).?

Table 3 summarises baseline ECG abnormalities/variations
from normal (n = 78). The majority of cases (90%) were in sinus
rhythm, although mean heart rate was markedly elevated, with
45% of cases in sinus tachycardia (defined as those > 100 beats/
min, given that our patients’ maximum heart rate was 134 beats/
min). Only three patients (4%) had completely normal ECGs;
excluding those with an elevated heart rate, this increased to
nine patients (12%). Overall, 49% (95% CI: 37—60) of cases had
a major Minnesota ECG abnormality detected, while 62% (95%
CI: 51-74) had a minor ECG variant. A combined total of 63
(81%; 95% CI: 70-89%) cases had one or both forms of abnor-
mality detected on their 12-lead ECG. Of the major abnormali-
ties, major T-wave anomalies (38%), followed by abnormal QRS
axis (26%) were the most common (Fig. 2). T-wave anomalies
were also the most common of all documented ECG abnormali-
ties overall (59%), followed by atrial abnormalities (29%).

Univariate analysis showed no association between LV systol-
ic function and baseline ECG readings. However, on adjustment
for age, functional class, echocardiographic LV dimensions, and
all the other ECG parameters listed in Table 3, major T-wave
abnormalities correlated negatively with left ventricular systolic
dysfunction. The presence of major T-wave changes was associ-
ated with a clinically relevant 9% (95% CI: 1-16; p = 0.03%)
reduction in LVEF compared to those without T-wave changes.

At six months, a number of clinical parameters had improved

Case report: the ECG in PPCM

no further evidence of diastolic dysfunction.

Our patient presented to hospital one week after giving birth through spontaneous vaginal delivery, reporting a five-week
history of shortness of breath equivalent to New York Heart Association functional class Il, two-pillow orthopnoea associ-
ated with cough, bilateral leg swelling, and mild dizziness. On further interrogation, there was a positive family history
of sudden ‘unexplained’ death of her grandmother. Our patient denied any consumption of alcohol or tobacco products.

Clinical examination revealed central and peripheral signs of fluid overload. The pulse rate was 92 beats per minute,
this being weak, with occasional irregularities suggestive of ventricular extrasystoles. Her blood pressure was 97/72
mmHg, her apex beat displaced laterally, and the abdominal examination proved there to be tender hepatomegaly.
Positive findings on cardiac auscultation included a loud, split, second heart sound, and systolic murmur best heard over
the mitral and tricuspid areas. Chest auscultation revealed bilateral basal crepitations.

Chest X-ray demonstrated four-chamber cardiomegaly and pulmonary congestion, while her ECG abnormalities
included right-axis deviation, with poor R-wave progression and diffuse T-wave inversion (Fig. 1a). Echocardiography
showed dilated cardiac chambers, markedly reduced systolic ventricular function (EF 35%), moderate to severe functional
mitral regurgitation, trace tricuspid regurgitation, and a small clear pericardial effusion. Tissue Doppler imaging revealed

Further tests permitted the exclusion of other common causes of dilated cardiomyopathy, as well as important differ-
ential diagnoses. The working diagnosis remained that of peripartum cardiomyopathy.

The patient was started on carvedilol, enalapril, spirinolactone and furosemide. Given the high risk for thrombo-
embolic phenomena presented with the ejection fraction of 35% and below, she was started on warfarin. Despite being
seen several times in between, six weeks later she continued to manifest the subtle arrhythmia of moderate-frequency
ventricular extrasystoles, with suboptimal heart rate control; hence digoxin was introduced.

Following regular follow-up visits, after six months she reported that she was well, without any heart-failure symptoms.
Her blood pressure had normalised to 113/64 mmHg and heart rate to 58 beats/min, while the pulse rhythm remained
irregular as if with ventricular extrasystoles (now at low frequency). The mitral regurgitation murmur had diminished to
grade 1. On ECG, the axis had now normalised, and although there remained diffusely inverted T-waves, their depths
had improved, and this inversion normalised in limb lead |. The patient now qualified for left ventricular hypertrophy by
voltage criteria using this same lead | (Fig. 1b). Echocardiography showed persistent but improved LV dilatation, minimal
functional tricuspid and mitral regurgitation, with improvement of LV systolic function to an EF of 49%.
























































































