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INTRODUCTION 
 
Cardiovascular disease is a common cause of complications in pregnancy worldwide, and the 
incidence of patients who develop cardiac problems during pregnancy is escalating.  
Peripartum Cardiomyopathy (PPCM) is increasingly recognised as an important condition that 
can complicate both the pregnancy, and the post-partum period.(1) Data on suspected or 
confirmed cases of PPCM from Europe and most other regions of the world are either non-
existent or limited. It is therefore unknown whether PPCM occurs on all continents and if 
ethnicity or heterogeneous accesses to healthcare impacts on mode of presentation, 
management, and short-term (within 1 month post-diagnosis) maternal and foetal outcome.(2) 
The worldwide burden of PPCM is estimated based on single centre case series from Haiti, 
South Africa, and the USA showing incidences ranging from approximately a 1:3000 to 1:100 
pregnancies.(3) 
 
It is often a diagnostic challenge as physicians find difficulty with distinguishing between 
peripartum discomfort in healthy pregnant women (such as fatigue, mild shortness of breath, or 
mild oedema), and the pathological symptoms of PPCM. Importantly, PPCM can present either 
very dramatically, with acute heart failure requiring admission to intensive care, or subtly over 
several weeks.(1) 
 
Unlike patients with most other forms of cardiomyopathy, those with PPCM have a high 
likelihood of recovery with adequate therapy. More than half of women recover left ventricular 
(LV) function after PPCM, but a significant proportion are left with chronic heart failure, and 
some women require ventricular assist device (VAD) implantation or cardiac transplantation (5). 
Therefore, risk stratification and management of patients are important to rule out other 
aetiologies of heart failure, such as underlying DCM or genetic cardiomyopathy.(1) 
 
Patients with PPCM present a huge challenge for anaesthetists, as they are a high risk for 
perioperative complications such as decompensated cardiac failure, pulmonary oedema, 
arrhythmias, and thrombo-embolic events, as well as a high risk for postoperative mortality. 
 
 
HISTORY 
The concept of peripartum cardiomyopathy (PPCM) was first referenced in medical literature in 
1849 by Ritchie, as an idiopathic myocardial failure with onset of symptoms in the early 
puerperium. In 1880, Virchow and Porak described an association between heart failure and early 
puerperium in the absence of determinable cardiac disease. In 1937, PPCM as a clinical condition 
was described when Gouley, et al. and Hull and Hafkesbring described an idiopathic origin of 
post-partum toxic heart disease in previously healthy women. It was in1971 that Demakis and 
Rahimtoola proposed the terminology peripartum cardiomyopathy in place of postpartum 
cardiomyopathy, which excluded patients with onset of symptoms antenatally. The duo also 
proposed three diagnostic criteria for PPCM: (i) has onset of acute heart failure in the last month 
of pregnancy or within five months postpartum; (ii) has an idiopathic origin; and (iii) develops in 
the absence of any determinable heart disease. Later in 1999, Hibbard, Lindheimer and Lang 
proposed an additional diagnostic criterion based on echocardiography showing left ventricular 
(LV) systolic dysfunction, defined as LV ejection fraction (LVEF) of < 45% and LV enlargement.  
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DEFINITION AND DIAGNOSIS 
 
Peripartum cardiomyopathy (PPCM) phenotypically resembles the cardiac characteristics of 
dilated cardiomyopathy(DCM), but is considered an independent  disease, distinct from other 
forms of cardiomyopathies.(1) 
 
PPCM is a diagnosis of exclusion. The clinical diagnosis is complex and often made late, as the 
symptoms tend to mimic those seen in normal pregnancy.  
 
A workshop convened by the US National Heart, Lung, and Blood Institute (NHLBI) in the 
1990s defined PPCM as heart failure that develops in the last month of pregnancy or up to five 
months postpartum with left ventricular systolic dysfunction (left ventricular ejection 
fraction (LVEF) <45% or fractional shortening(FS) <30%, or both) (4). The time cut-offs in the 
diagnostic criteria for PPCM was found to result in underdiagnosis of the condition. The 
subsequent updated definition by the European Society of Cardiology has since removed these 
time limitations(4). 
 
The American Heart Association (AHA) on contemporary definitions and classification of the 
Cardiomyopathies, defined PPCM as a rare dilated form of cardiomyopathy associated 
with LV systolic dysfunction and idiopathic heart failure presenting in the third trimester of 
pregnancy or within five months postpartum and whose diagnosis requires a high index 
of suspicion. It frequently affects obese and multiparous women with preeclampsia aged  
>30 years. (5) 
 
In 2010, the working group on PPCM of the heart failure association (HFA) of the European 
Society of Cardiology (ESC) proposed the following definition: “peripartum 
cardiomyopathy(PPCM) is an idiopathic cardiomyopathy occurring towards the end of pregnancy 
or in the months following delivery, abortion or miscarriage, without other causes for heart failure, 
and with a left ventricular LVEF<45%” (6). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                            Figure 1.    (6)                                                                                                                                                                     

 
Patients with typical features of PPCM and obvious impairment of LVEF, and patients with an 
ejection fraction between 45-50% may occasionally be diagnosed with PPCM as well.(6) 
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BURDEN OF DISEASE AND RISK FACTORS FOR PPCM  
 
The incidence of PPCM varies worldwide based on ethnicity and racial demographics, genetics, 
socio-economic and regional background(6). 
 

The exact incidence of PPCM remains ill-defined due to the lack of population-based estimates 
and the continuously evolving diagnostic criteria. The current small-scale population-based 
studies have been influenced by the dependence on the experience of the institution, referral bias 
or individual practice patterns. These factors result in potential underreporting of the incidence 
rate but otherwise provide important estimates of incidence.(5) 

 
The global incidence is estimated to be one in 1000 pregnancies with the highest incidences 
reported in Africans and Afro-Americans.  Comparison between the databases of patients with 
PPCM from different ethnic backgrounds, suggests that African PPCM patients may have a 
different pathophysiology and a lower chance for full recovery, compared with non-African 
patients, but a direct comparison of the different ethnicities still requires further research(7). 
 
In the United States, the incidence of PPCM was found to be from 1 in 1,149 to 1 in 4,350 live 
births, with African Americans having the highest incidence (1 in 1,421) and Hispanics having the 
lowest incidence (1 in 9,861). PPCM was diagnosed in 1:102 delivering mothers in Nigeria, 
whereas Denmark has reported a much lower incidence of 1:10,149 births.(8)  The incidence has 
been found to be three to four times higher in black women than in white women and lowest in 
Hispanic women. (4) 

 
                       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Figure 2.(5)        
The increased incidence rates of PPCM can be attributed to many factors, including improved 
diagnosis and recognition. Other known risk factors for PPCM that may contribute include 
increasing maternal age, increase rates of  multiple gestation pregnancies (due to the increase in 
assisted reproductive technologies), rising rates of pre-eclampsia and prevalence of 
cardiovascular risk factors such as hypertension, diabetes, and obesity among women of 
reproductive age.(4)  

 

In the US, a cohort study including 535 women with PPCM identified the following as risk factors; 
African heritage, hypertension, anaemia, substance misuse, asthma, autoimmune disease, and 
pre-eclampsia or eclampsia. In addition, it found an exponential increase in the risk of PPCM 



Page 6 of 44 
 

associated with each additional risk factor present (e.g. an odds ratio of 11 with two risk factors, 
and O.R of 795 with six risk factors).(9)  
 
The association between pre-eclampsia and eclampsia to PPCM may be due to their shared 
pathophysiology. A 2013 meta-analysis of 22 studies found a 22% prevalence of pre-eclampsia 
among women with PPCM. This was more than four times the estimated global prevalence. 
Similarly, of the first 411 women in the EURObservational Research Programme PPCM registry, 
22.8% had pre-eclampsia.(4)  
 
Table 1 summarised the global incidence of PPCM. Higher rates were seen in developing 
countries such as Nigeria and Haiti, and this could be attributed to the genetic predisposition, a 
high prevalence of selenium deficiency and, in Haiti, a high prevalence of zinc deficiency and pre-
eclampsia. (4)             

    Table 1(4) 
  

The association between primigravida status and smoking have been inconsistently reported. 
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AETIOLOGY AND PATHOPHYSIOLOGY  
 
The aetiology of PPCM remains unclear; proposed mechanisms have included angiogenic factor 
imbalance, abnormal prolactin cleavage, inflammation, selenium deficiency, and 
genetic susceptibility. Other potential factors leading to PPCM include viral infections, stress- 
activated cytokines, autoimmune reaction, pathological response to pregnancy-associated 
haemodynamic stress, unbalanced oxidative stress, and induction of anti-angiogenic factors.(6) 
 
The complete pathogenesis of PPCM still requires further research, however, several hypotheses 
have been advanced to explain the aetiologic or pathologic mechanisms underlying PPCM.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         Figure 3(10) 

 
Previous hypothesis indicated that the trigger for PPCM was a viral myocarditis. This was found 
in a series of endomyocardial biopsies done in 26 patients with PPCM and 33 patients with other 
types of cardiomyopathies, which showed that only about 30% of samples taken in each group 
had detectable viral genomes.(4, 11)Inflammation has been found in endomyocardial biopsies taken 
from women with PPCM, but only few met the  histologic criteria for myocarditis. Of 40 women in 
the Investigations in Pregnancy-Associated Cardiomyopathy (IPAC) cohort who underwent 
cardiac magnetic resonance (CMR) imaging, only one had findings potentially consistent with 
myo‑carditis.(4) Thus, while inflammatory markers are elevated in PPCM,  the underlying 
mechanism is not considered infectious.(4, 11)  
 

Current hypotheses  
The precise mechanisms leading to cardiac dysfunction in human PPCM remains undefined. 
Currently described is the ‘two-hit’ model of PPCM which refers to the anti-vascular or hormonal 
effects of late pregnancy leading to a systemic angiogenic imbalance,  and the host susceptibility  
(underlying genetic predisposition)  to these hormonal effects, both of which are considered 
crucial in the pathophysiology of PPCM.(6) 

 
Genetic predisposition 
It is challenging to differentiate between PPCM and genetically transmitted DCM that manifests 
during early adulthood. Current findings lend support to the  opinion that 15-20% of patients with 
PPCM carry mutations known to induce cardiomyopathies, i.e. in genes like titin, beta-myosin 
heavy chain, myosin-binding protein C (MYBPC3), lamin A/C or sodium voltage-gated channel 
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alpha subunit 5 (SCN5A).(6)Analysis of registries of dilated cardiomyopathy (DCM) have identified 
variants in genes that encode the sarcomeric proteins titin, myosin, and troponin. They have 
theorised that patients who are phenotype-negative, and asymptomatic prior to pregnancy, may 
become symptomatic due to the physiological stress of pregnancy unmasking the underlying 
DCM. (4) 
 
A review of 172 women with PPCM looked at the sequencing of 43 genes associated with DCM 
and found 26 truncating variants, 65% of which occurred in TTN, the gene that encodes titin. 
Identifiable variants were present in 15% of women with PPCM. TTN variants overlapped 
considerably with mutations known to cause DCM. TTN truncating mutations were seen in 13% 
of black women and 8% of white women with PPCM, which could be one possible explanation for 
the worse prognosis seen in black women with the condition. (4) One finding that requires further 
study, is that none of the black women with the TTN variant had hypertension or pre-eclampsia, 
but some women without a TTN variant had hypertension. This could suggest that hypertensive 
disease and a certain genetic susceptibility may both cause PPCM through different 
mechanisms.(6) 

 
The reasons why some women with these mutations present with PPCM and others present with 
DCM, which typically manifests later in life and does not spontaneously recover, remain unclear.  
 
Further investigation is needed regarding mutations or polymorphisms in genes regulating 
metabolism, oxidative stress response, angiogenesis and the immune system as well as the 
higher frequency of PPCM in women of African ancestry. Genetic testing may be considered in 
PPCM, particularly in those patients with a positive familial history. 
 
Oxidative Stress and Prolactin 
One of the most notable suggested underlying mechanism for PPCM is unbalanced oxidative 
stress and high levels of prolactin.(8) In this model, the oxidative stress-mediated cleavage of the 
full length 23-kDa prolactin hormone by proteases,  into a smaller anti-angiogenic sub-fragment, 
16-kDa prolactin (also called vasoinhibin,), induces endothelial damage, possibly initiating and 
propagating PPCM. .(6) 
Prolactin is a 23 kDa protein which is secreted by the anterior pituitary gland, and oxidative stress 
stimulates cardiomyocytes to express cathepsin D, the enzyme that cleaves prolactin into a 16 
kDa fragment.  
 
Oxidative stress is caused by an imbalance between the production of reactive oxygen species 
(ROS: reactive molecules that contain oxygen ions and peroxides, and are highly reactive owing 
to the presence of unpaired valence-shell  electrons) and a biological system’s ability to detoxify 
ROS or repair the damage caused. Normally the level of oxidative stress rises during pregnancy, 
and late pregnancy is associated with the formation of particles that are susceptible to oxidation 
(such as a high LDL-cholesterol level) and an increase in oxidative damage, but, this would be 
accompanied by an increase in antioxidant capacity as well.(1)  
 
Organ-specific antioxidant defence mechanisms are also important in the peripartum phase. 
Cardiac expression of antioxidant enzymes, such as manganese-dependent superoxide 
dismutase (MnSOD) is increased, and major signalling pathways that are responsible for the 
upregulation of the antioxidant enzyme(MnSOD2) include the transcription factor signal 
transducer and activator of transcription3(STAT3) and peroxisome proliferator-activated receptor 
γ coactivator1α (PGC-1α). The increase of 16KDa-prolactin levels observed in PPCM patients 
has been attributed to the low activation of STAT3 and PGC-1α. In addition, STAT 3 and PGC1-
α play an essential role in proliferation and cell protection from death in the cardiac tissue.(12) 
Experimental work with STAT 3 knockout mice showed a PPCM-like phenotype, high levels of 
proteolytic enzymes, and an enhanced expression and activity of cardiac cathepsin D (CD) which 
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was associated with the generation of the16 kDa form of prolactin.(13) In humans, it has been 
found that humans with PPCM demonstrated reduced levels of myocardial STAT 3.   However, 
thus far the mechanism underlying downregulation of STAT3 and PGC-1α in PPCM patients has 
remained unknown .The balance between oxidative and antioxidant capacity, late in pregnancy 
and early postpartum, is critical to maintain maternal health.(1) A compromised antioxidant defence 
system will tilt the balance toward oxidative stress, which predisposes to PPCM. .(8) 

        Figure 4(10) 

 
16-kDa prolactin is generated from full-length prolactin by cathepsin D or other proteolytic 
enzymes, such as matrix metalloproteinases (MMPs): MMP-1, MMP-2, MMP-3, MMP-8, MMP-9, 
and MMP-13 can cleave human prolactin into biologically functional 16 kDa prolactin. An 
important role of MMPs in the generation of 16 kDa prolactin in PPCM is supported by studies 
showing that the serum level of MMP-2 is significantly higher in women with PPCM than in 
matched pregnant controls.(1) 
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Endothelial dysfunction and Angiogenic Imbalance 
Endothelial dysfunction and angiogenic imbalance promotes a defect in oxygen supply to the cell 
leading to metabolic dysfunction in the heart and the resultant cardiac contractility dysfunction in 
PPCM. 
 
There are two distinct pathways that mainly trigger the vascular impairment leading to 
cardiac failure 

• First is the 16KDa-prolactin—nuclear factor-kappa B (NFκB)—microRNA-146a pathway  

• The second pathway  is regulated by the balance between the antiangiogenic factor the 
soluble fms-like tyrosine kinase-1 (sFlt1) and the pro-angiogenic factor vascular endothelial 
growth factor (VEGF). (12) 
 

The 16 kDa form of prolactin inhibits angiogenesis at various levels 

• by inducing endothelial cell cycle arrest in parallel with inhibition of mitogen-activated 
activation of protein kinase, which is induced by basic fibroblast growth factor and VEGF 

• it induces endothelial-cell apoptosis by activating caspase-3 and NF-κB 

• it inhibits endothelial-cell migration by downregulating the Ras–Tiam1–Rac1–Pak1 signalling 
pathway, and attenuates the activation of endothelial nitric oxide synthase, which blocks 
vasodilatation 
 

16 kDa prolactin also 

• enhances endothelial inflammation by promoting leukocyte adhesion to endothelial cells 

• activates NF-κB signalling in endothelial cells and thereby upregulates endothelial        
     expression of microRNA-146a, which mediates most of the adverse effects of 16 kDa       
     prolactin in endothelial cells.  

• has little direct effect on cardiomyocytes but it induces the release of microRNA-146a-loaded 
exosomes expression. 

 
MicroRNA-146 (which is usually suppressed by STAT 3) inhibits proliferation and migration of 
endothelial cells. It can also be secreted in exosomes, and can thus act on cardiomyocytes, 
inducing metabolic dysfunction and impairing endothelial-to-cardiomyocyte communication, 
exerting angio-static effects and leading to cardiomyocyte death.(12) This ultimately contributes to 
the development of PPCM..(1) 
 
This microRNA- 146 and PGC-1α downregulation results in insufficient upregulation of pro-
angiogenic VEGF and, together with increased levels of anti-angiogenic sFlt1 observed in the 
peripartum phase, aggravates the angiogenic imbalance. Increased levels of circulating 
microRNA-146a, sFlt1, asymmetric dimethylarginine (ADMA), and apoptosis signalling molecules 
such as Fas/ Apo1 (apoptosis signal receptor/apoptosis antigen 1) were observed in PPCM 
patients.(12)  
 
Pro-inflammatory response 
PPCM is associated with a proinflammatory response, as evidenced by elevated levels of 
proinflammatory cytokines (tumor necrosis factor alpha (TNFα), interferon-ϒ, Fas-Apo-1 
(apoptosis antigen 1), interleukin-6, and C-reactive protein) in the serum of PPCM patients. 
Experimental studies have demonstrated that interferon-gamma (IFN-g), prolactin, or both 
promote cardiac inflammation and might be implicated in poor outcome. Both the 23 kDa and 16-
kDa prolactin and IFN-g are capable of upregulating proinflammatory C-C motif chemokine. This 
provides further insight into the pathogenesis of PPCM.(8) 
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Pathological Immune Response 

The intact maternal immune system destroys foetal microchimeric cells escaping into the 
maternal circulation system. However, during pregnancy, the immune system becomes 
compromised and some of the foetal microchimeric cells may evade destruction and accumulate 
in the maternal heart. During the puerperal period, the maternal immune system normalises and 
triggers a pathological immune response to foetal microchimeric cells deposited on the heart. 
Ansari, et al. reported a high concentration of antibodies directed at cardiac myosin heavy chains 
in the serum of PPCM patients but , found it was absent in idiopathic DCM patients or in healthy 
individuals(5) A shift towards humoral immunity is part of the physiological adaptation of the 
maternal body to pregnancy. Interestingly, a recent study revealed a marked increase of innate 
immunity markers over humoral immunity in PPCM, suggesting disruption of immune 
homeostasis in PPCM.(12) 
 
Pre-eclampsia and PPCM 
It has been noted that a significant percentage of patients with PPCM also have been diagnosed 
with a hypertensive disorder during their pregnancy, and this association is demonstrated by their 
shared pathophysiology. These women are predisposed to develop PPCM via a mechanism 
involving sFLT-1 and insufficient upregulation of VEGF in the heart. As with women with pre-
eclampsia, those diagnosed with PPCM had high levels of the potent VEGF inhibitor, sFLT-1.  
sFLT-1 is secreted by the placenta in late pregnancy, with higher levels noted in multiple gestation 
and pre-eclampsia. Exogenous administration of sFLT-1 was able to induce PPCM in 
experimental mice and correlated with the degree of subclinical LV dysfunction in pre-eclamptic 
patients (who have LV dysfunction independent of blood pressure).  
This forms part of the ‘2-hit phenomena’ described, wherein systemic anti-angiogenic signals 
occur during late pregnancy (sFLT-1) cause endothelial dysfunction, and functional insufficiency 
of the heart owing to impaired blood flow. Further upregulation of these signals occur during the 
postpartum phase in the form of insufficient local pro-angiogenic defences in the heart (VEGF). 
Experimental models of treatment of PPCM with recombinant VEGF or bromocriptine (which 
blocks prolactin) has shown improvement, however, full recovery was shown only with use of both 
agents combined.(8) 
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 Figure 5.(8) 
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CLINICAL PRESENTATION AND DIFFERENTIAL DIAGNOSIS 
Symptoms and Signs 
The onset of clinical symptoms in PPCM patients varies significantly, but patients often present 
in the first month after delivery, or late in the antenatal period, and much less commonly, as early 
as the second trimester.(5) 
 
The initial signs and symptoms of PPCM are often confounding as they mimic those of the normal 
physiology in pregnancy.(5) Careful history taking is necessary to identify and exclude other 
causes of cardiac failure. This results in many PPCM patients being diagnosed late, often with 
complications of PPCM, in extremis, or even cardiac arrest. Improved recognition and a higher 
index of suspicion for PPCM can improve morbidity rates. However, PPCM is a diagnosis of 
exclusion and other causes of cardiac failure must be excluded.  
 
The typical presefntation of PPCM is with symptoms of systolic cardiac failure, such as dyspnoea 
on exertion (NYHA 3 functional classification) or dyspnoea at rest (NYHA 4 functional 
classification), orthopnoea, paroxysmal nocturnal dyspnoea(PND), and oedema of the lower 
extremities.  Less commonly, they may present in cardiogenic shock requiring inotropic or 
mechanical circulatory support. Uncommon presentations such as symptomatic or unstable 
cardiac arrhythmias and arterial thromboembolism have occurred.(4) 
 
Clinical examination reveals evidence of left- and right-sided congestion and an S3 gallop. 
There is limited and conflicting data on electrocardiographic (ECG) abnormalities and their 
prognostic significance in women with peripartum cardiomyopathy (PPCM).(14) 

 

Clinical Symptoms Clinical Signs 
 

Dyspnoea Tachypnoea 

Peripheral oedema Pulmonary rales 

Fatigue Loud P2 

Orthopnoea Third heart sound/Gallop rhythm 

Paroxysmal nocturnal dyspnoea New murmur (mitral/tricuspid regurgitation) 

Palpitations Lateral/downward displacement of apex beat 
 

Chest pain Jugular venous distention 

Decreased exercise tolerance Hepatojugular reflux 

Anorexia Hepatomegaly 

Persistent cough Peripheral oedema 

Abdominal discomfort Ascites 

Table 2: Some of the clinical Signs and Symptoms Associated with PPCM 
 
Investigations 
 
Electrocardiogram (ECG) 
Although there is no specific ECG pattern for PPCM, at initial evaluation, the ECG is rarely 
normal and repolarization abnormalities are commonly noticed. However, a normal ECG does not 
exclude PPCM. (6) 
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Common ECG abnormalities in PPCM include a tachycardia, prolonged QRS and QTc intervals, 
ST and T-wave abnormalities, arrhythmias, Bundle branch block(BBB), left atrial enlargement, 
and ventricular hypertrophy. (14) 

 
In Nigeria, a series of ECGs for 54 cases of PPCM and 77 postpartum women without PPCM, 
found that women with PPCM had a faster heart rate, longer QRS and QTc intervals, and a higher 
frequency of ST-T-wave abnormalities compared to controls. However, the authors did not 
examine the prognostic significance of ECG findings in this cohort. In South Africa, a series 
consisting of 78 South African women, found that 59% had T-wave abnormalities, 12% had a 
bundle branch block (BBB), 10% had left atrial abnormality, and 6% had ST-segment changes on 
baseline ECG. Follow-up was available on only 56% of this cohort, and they found that the 
patients with T-wave inversions and ST depressions on their presenting ECG, were associated 
with lower LVEF at 6 months.(14) 

 

The Investigations of Pregnancy-Associated Cardiomyopathy (IPAC) study analysed the standard 
12-lead ECGs of 88 women with PPCM. Left ventricular ejection fraction (LVEF) was measured 
by echocardiography at baseline, 6 months, and 12 months and women were followed for clinical 
events (death, mechanical circulatory support, and/or cardiac transplantation) until 1 year. The 
findings were that half the women had an  “abnormal” ECG, defined as atrial abnormality, 
ventricular hypertrophy, ST-segment deviation, and/or bundle branch block and that women with 
left atrial abnormality (LAA) had lower LVEF at 6 months (44% vs 52%, P = 0.02) and 12 months 
(46% vs 54%, P = 0.03). LAA also predicted decreased event-free survival at 1 year (76% vs 
97%, P = 0.008). Neither left ventricular hypertrophy by ECG nor T-wave abnormalities predicted 
outcomes. A normal ECG was associated with recovery in LVEF to ≥50% (84% vs 49%, P = 
0.001) and event free survival at 1 year (100% vs 85%, P = 0.01).  
Predictors of persistent LV dysfunction included LVEF <30% or LV end-diastolic diameter > 6 cm 
at diagnosis, black race, and late presentation. Elevation in troponin, B-type natriuretic peptide, 
and sFlt-1 may also signify adverse cardiac remodelling and outcomes. (4) 
There is limited and conflicting data with regards to ECG abnormalities found in PPCM as well as 
their significance. A normal ECG does not rule out the presence of PPCM. LAA predicted lower 
likelihood of myocardial recovery and event-free survival, and a normal ECG predicted favourable 
event-free survival.(14) 
 
Biochemical tests and Biomarkers 
These tests are used as a tool to exclude other potential causes or precipitants of cardiac failure 
and to assist in risk stratifying to determine prognosis.  
 
Routine blood tests 

• Full blood counts (FBC): white cell count elevated- infection, Haemoglobin- Anaemia 

• Tests for Coagulation: INR, aPTT, TEG 

• Urea and electrolytes (U&E): Electrolyte abnormalities, assess renal function 

• Liver function tests (LFT): Nutritional deficiency or infection/inflammatory conditions, Liver    
      failure/impairment 

• Calcium/Magnesium/Phosphate levels (CMP) 

• Thyroid function tests- hyperthyroidism/ hypothyroidism as a cause of cardiac failure 
(confirm with chemical pathology if values are abnormal for that trimester of pregnancy) 

Specific blood tests 

• CRP, Biomarkers (BNP, proNT-BNP, Fas/APO1, TNF-alpha, IL-6) 

• Troponin I 
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Table 3 shows Biomarkers Raising Suspicion of PPCM  

Biomarker Relevance for PPCM 

NT-proBNP 
Commercial marker for screening of PPCM,Non-specific – 
also elevated in preeclampsia, pulmonary embolism and 
heart failure. 

16-kDa Prolactin 
Pathophysiologic factor for PPCM but diagnostic accuracy 
requires confirmation 

Interferon Alpha 
Elevated plasma levels in PPCM patients but diagnostic 
accuracy requires further evaluation 

Asymmetric Dimethylarginine Marker for endothelial dysfunction and cardiac risk. 

Cathepsin D Elevated activity in plasma of PPCM patients 

Soluble fms-like tyrosine kinase-1 Elevated activity in plasma of PPCM patients 

MicroRNA-146a 
Pathophysiologic factor for PPCM but diagnostic accuracy 
requires further evaluation 

 
Biomarkers such as an elevated levels of N ‑ terminal pro-brain natriuretic peptide (NT‑ proBNP)/ 
B-type natriuretic peptide (BNP) are indicative of heart failure in peripartum women. BNP/ NT-
proBNP) levels are not or are only slightly elevated in normal pregnancy. However, in acute PPCM 
there is consistently elevated plasma concentrations of natriuretic peptides, BNP or NT-proBNP. 
(6) BNP and NT-proBNP play an important role in excluding cardiac failure (with a threshold <100 
pg/mL for BNP and <300 pg/mL for NT-proBNP can be ruled out with high probability), but they 
should not be used solely to establish the diagnosis of PPCM. Although one study showed that 
plasma BNP levels >1860 pg/mL was an independent factor for persistent LV dysfunction, 
prognostic properties of natriuretic peptides remain unclear.  An inability to downregulate serum 
IFN‑ γ (interferon-gamma)might predict an adverse outcome in patients with PPCM. (6)However, 
both these biomarkers are non-specific for heart failure. 
 
Serum troponin concentrations measured at baseline can be used to predict persistent left 
ventricular dysfunction after 6 months. More specific biomarkers are still being researched and 
are not yet adequately defined for use in practice. These include 16 kDa-prolactin, serum IFN‑ γ, 
asymmetric dimethylarginine (ADMA) and microRNA-146a. There is controversy on the impact of 
imbalanced angiogenesis. Recently, high placenta growth factor (PlGF) and/or low sFlt-1/PlGF 
ratio have been recommended to assist in the diagnosis of PPCM. (6) 

 
Imaging 
Chest x-ray 

•  Pulmonary oedema 

• Enlarged cardiac silhouette 

• Pleural effusion 

• Other signs of cardiac failure: 
 
 
 
 
 
 
 
 
 
                                                                       Figure 6 (10) 
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Echocardiograhy (Echo) 
Echocardiography is used as a tool to confirm diagnosis, to assess pre-existing and current 
cardiac conditions, to exclude complications of PPCM such as thrombus formation, and to  
gain prognostic information such as LVEF and the presence of pulmonary hypertension. (6) 
PPCM shares the same echo diagnostic criteria for LV systolic dysfunction, i.e. LVEF <45%, 
fractional shortening <30%, or both, and end-diastolic shortening dimension >2.7 cm/m2 body 
surface area. (6) Other echo findings in PPCM include left ventricular dilatation, right ventricular 
dilatation and dysfunction, pulmonary hypertension, left atrial or bi-atrial enlargement, functional 
mitral and tricuspid regurgitation, and intracardiac thrombus.(4) 
Clinically, echo is the most useful imaging modality as it avoids radiation exposure for the foetus.(4) 
 
Magnetic resonance imaging (MRI) 
In the stable pregnant patient, a cardiac MRI without gadolinium contrast may also be used to 
quantify cardiac function and structure and allow more accurate assessment of cardiac volumes 
and used for the detection of left ventricular thrombus(15). It can also be of assistance when there 
are other potential diagnoses are that being considered, such as arrhythmogenic right ventricular 
cardiomyopathy and myocarditis. It is uncertain the level of value the cardiac MRI provides in 
addition to echocardiography.(6) Magnetic resonance imaging at 1.5 Tesla is thought to be safe in 
pregnancy. The guidelines discourage the use of gadolinium, which is administered to assess 
late enhancement, until post-delivery due to the increased risk of stillbirth, neonatal death, and 
rheumatological, inflammatory, or infiltrative skin conditions.(6) 
 
Endomyocardial biopsy 
Endomyocardial biopsy adds limited diagnostic or prognostic information in PPCM. It may be used 
to exclude acute myocarditis after delivery, reveal significant viral presence, and exclude rare 
autoimmune myocarditis, storage or metabolic disease. Routine endomyocardial biopsy is not 
recommended in patients with suspected PPCM.(6)                                                                     

Figure 7(6) 
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The differential diagnoses differ according to stage of presentation – pre- vs. postpartum. The 
table below summarises the differential diagnoses of PPCM and features of history, onset, 
biomarkers and echocardiography that help in the differentiation from PPCM.  
 

Table 4.(6) 
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MANAGEMENT 
 
There are no specified PPCM management guidelines as few studies have been done specifically 
in women with PPCM. Rather, recommendations for management is guided by case reports and 
data from the concluded studies, but most often therapeutic management of PPCM is 
extrapolated from management guidelines of other forms of heart failure with reduced ejection 
fraction, or derived from expert opinion (or a combination of both).(4)  The chosen management 
plan for the PPCM patient must be carefully considered so as to avoid drugs or procedures that 
may cause adverse foetal effects.  
 
Patients with PPCM should be managed at a tertiary healthcare facility, and early recognition and 
initiating of treatment is important. They require management by a multidisciplinary care team 
including cardiologists, intensivists, obstetricians, neonatologists/paediatricians, and 
anaesthetists.(6) 
 
The management of women presenting with acute cardiac failure due to PPCM remains very 
challenging and the initial management is dependent on their clinical condition and whether they 
present in compensated or decompensated cardiac failure. If a patient is in cardiogenic 
shock/dependent on inotropes, she should be transferred immediately to an advanced heart 
failure centre where mechanical circulatory support (MCS), ventricular assist devices (VAD), and 
transplant consult teams are available.(6) 
 
As with heart failure due to other causes, the basis of therapy for PPCM includes beta-blockers; 
diuretics and nitrates to reduce preload, vasodilator therapy; and treatment of other comorbid 
conditions such as obesity, hypertension, hyperlipidaemia, and diabetes mellitus. (8) Angiotensin-
converting enzyme inhibitors (ACE-I) and angiotensin-II receptor blockers (ARBS) are 
contraindicated in pregnancy as they are teratogenic and may cause oligohydramnios, renal 
agenesis, and foetal death. Some ACE-Inhibitors are compatible with breast feeding. The 
angiotensin receptor and neprilysin inhibitor (ARNI) sacubitril-valsartan is contraindicated in 
pregnancy and has not been studied during lactation.(4) 
 
Sodium restriction assists with volume management, and a loop diuretic may be added for 
symptomatic pulmonary or peripheral oedema.  Caution should be exercised to avoid over-
diuresis during pregnancy, as this may cause maternal hypotension and uterine hypoperfusion. 
(4) Loop diuretics have been associated with adverse events in animal reproductive studies; 
however, a small clinical trial did not show a significant difference in preterm births, birth weight, 
and maternal or foetal complications.(8) Chlorothiazide and hydrochlorothiazide diuretics can be 
used safely during pregnancy. 
 

Beta-blockers can be used safely in pregnancy, however, beta-1 selective agents such as 
Metoprolol Tartate, are recommended for use so as to avoid stimulating uterine contraction 
through β2 innervation.(4)  On the basis of the RALES and EMPHASIS-HF trials, mineralocorticoid 
receptor antagonists(e.g. Spironolactone) are  indicated in patients with NYHA II-IV heart failure 
and with a LVEF ≤35%. These drugs have anti-androgenic effects on the foetus and should be 
avoided during pregnancy but may be used during breast feeding. Digoxin may be used safely in 
pregnancy. Hydralazine and nitrates may be used as vasodilators.(4)  
 
The teratogenic effects of inotropic support and vasopressors in humans are unknown but their 
use may be necessary(6). Levosimendan, a calcium sensitiser, can be utilised to increase cardiac 
contractility without increasing myocardial oxygen demand, and has been linked with a decrease 
of natriuretic peptides.(8) Even though there are case reports supporting its use in PPCM and 
current guidelines from the ESC Study Group on PPCM prefer levosimendan over 
catecholaminergic agents, further research is required for its use in this role. In addition, 
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levosimendan is approved in many countries but currently does not have US Food and Drug 
Administration approval. (8)  
 
Due to the increased risk of thrombo-embolic events, anticoagulation with unfractioned heparin 
(UFH) or low-molecular weight heparin(LMWH) should be considered, especially in patients with 
an LVEF <35%, atrial fibrillation, or LV thrombus. Warfarin must be avoided as it crosses the 
placenta and is teratogenic.(8) 

 
Other potential novel drugs for use as specific therapies for PPCM include pentoxifylline and 
bromocriptine. These are described in further detail further in the booklet. 
 
Prevention of future pregnancies in patients with a history of PPCM are an important part of 
management as future pregnancies are associated with poor maternal and foetal outcomes, 
Intrauterine contraceptive devices are preferred over oral contraceptive pills because they do not 
appear to increase the risk of venous thromboembolism and do not interfere with heart failure 
medications.(6) 
We must establish whether the mother is breastfeeding post-delivery as this influences her 
pharmacological management.  
 
The table below is a summary of medications used to treat PPCM that are safe to use during 
pregnancy and lactation.(6) 

 
DRUG CLASS USE IN PREGNANCY  

SUMMARY 
USE IN 
LACTATION 

DRUGS WITH 
LACTATION 
SAFETY DATA 

RELATIVE 
INFANT DOSE 
FROM 
BREASTMILK 

ACE-INHIBITORS AVOID- 
CONTRAINDICATED 
TERATOGENIC 

Use with 
CAUTION (Ld) 
Clinically 
insignificant 
levels found in 
B/M 

Enalapril- most data 
Captopril 

0.02-0.2% 

ARBS AVOID- 
CONTRAINDICATED 
FETO-TOXIC 

AVOID – No 
published data, 
Use ACE-I  

- - 

BETA-BLOCKER Use with CAUTION (Ld) 
Can cause IUGR 
If used close to delivery, 
monitor newborn for 
signs of beta- blockade- 
hypotension, 
bradycardia 

Use with 
CAUTION (Ld) 
Metoprolol 
present in low 
levels in B/M, & 
some transfer 
into infant 
serum 
No A/E In 
infant noted 
No levels of 
Bisoprolol were 
found in B/M 

 
Metoprolol  
(Most data) 
 
Bisoprolol 

1.4% 

MINERALOCORTICOID 
RECEPTOR 
ANTAGONIST (MRA) 

AVOID (Not 
recommended) 
Feminisation of rat 
foetus & Ld in humans 

Use with 
CAUTION (Ld) 
May suppress 
B/M supply 
Clinically 
insignificant 
levels of 
canrenone 
found in B/M 

Spironolactone 2-4.3% 
(extrapolate d 
from 
canrenone- 
active 
metabolite of 
spironolactone) 
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LOOP DIURETIC Use with CAUTION (Ld) 
Potential decrease in 
placental blood flow but 
it’s use is unavoidable 

Use with 
CAUTION 
(Ld)T,Can 
suppress milk 
supply- monitor 
mother 
High protein 
binding  & 
short half-life 
limits its 
passage in B/M 

- - 

THIAZIDE DIURETIC Use with CAUTION (Ld) 
Potential decrease in 
placental blood flow but 
it’s use is unavoidable 

Use with 
CAUTION 
(Ld).Can 
suppress milk 
supply- monitor 
patients on 
high doses. 
Low levels 
found in B/M, 
undetectable in 
infant 
serum(Single 
case study) 

Hydrochlorothiazide 1.68% 

ANGIOTENSIN 
RECEPTOR 
NEPRIIYSIN INHIBITOR 
(ARNI) 

AVOID- 
CONTRAINDICATED 
Fetotoxic 

 - - 

IVABRADINE AVOID-  
CONTRAINDICATED- 
TERATOGENIC 

AVOID (No 
published data)  

- - 

CARDIAC GLYCOSIDE Use with EXTREME 
CAUTION ONLY (Ld) 
ESC guidelines suggest 
to allow digoxin in Atrial 
fibrillation if needed 

Use with 
CAUTION (Ld) 
Low levels in 
B/M.No levels 
in serum (only 
seen in very 
high doses) & 
no A/E in 
nursing infants 

Digoxin 2.7- 2.8% 

VASODILATORS Use with CAUTION (Ld) Use with 
CAUTION-Ld 
Low levels of 
hydralazine in 
B/M & infant 
serum & No 
A/E in nursing 
infants 

Hydralazine 1.2% 

NITRATES Use with CAUTION (Ld) Use with 
CAUTION (No 
data) 

- - 

VITAMIN K 
ANTAGONIST 
(VKA) 

1st Trimester- 
CONTRAINDICATED. 
Significant risk to foetus. 
Foetal/Infant death or 
abnormalities in 37% 
cases following expose 
in 1st trimester. 

Use with 
CAUTION-Ld 
No detectable 
levels in B/M 
(at therapeutic 
doses) 

Warfarin - 
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2ND /3rd Trimester- use 
with EXTREME 
CAUTION(Ld) 
16% cases following 2nd 
trimester exposure & 
27% in 3rd trimester 
exposure. Dose-
dependent risk to foetus 
(>5mg/day – worse 
outcomes) 
Consider LMWH as 
alternative after 
assessment of 
thrombotic risk profile of 
mother & VKA dose 
needed & indication for 
anticoagulation 

No warfarin 
activity in 
breastfed 
infants and no 
A/E in nursing 
infants 

NOVEL ORAL 
ANTICOAGULANTS 
(NOAC) 

AVOID- 
CONTRAINDICATED 

AVOID. Small 
levels of 
Rivaroxaban in 
B/M seen 

- 1.34% 

UNFRACTIONED 
HEPARIN 

USE with CAUTION (Ld) Use with 
CAUTION(Ld) 
As very HMW, 
not expected to 
be present in 
B/M 

- - 

LMWH USE with CAUTION(Ld) Use with 
CAUTION (Ld) 
Little or no 
levels 
detectable in 
B/M. No anti-
Xa activity 
seen in 
breastfed 
infants 

Dalteparin, 
Enoxaparin 

- 

SYNTHETIC 
PENTASACCHA-RIDE 
(FONDAPARINUX) 

AVOID(Ld) unless 
allergic to LMWH 

AVOID(no 
published data) 
&/or consider 
LMWH instead 

- - 

 Ld-LIMITED DATA 
IUGR- Intrauterine 
growth restriction 

HMW- high 
molecular 
weight 
A/E- adverse 
effects 
B/M - 
breastmilk 

  

Table 5(6) 

Management of Compensated Cardiac Failure 

Haemodynamic goals of PPCM include reducing preload and afterload, increasing cardiac 
contractility, and attenuation of the maladaptive neurohormonal responses. 

• Non-Pharmacological Management: 
✓ Adequate oxygenation- Supplemental oxygen should be administered 

in order to achieve an arterial oxygen saturation of ≥95% 
✓ Bed rest, limited activity as tolerated 
✓ Fluid restriction 
✓ Low salt diet 
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• Pharmacological Management: 
✓ The aim of medical management is to control the symptoms and prevent further disease 

progression and complications thereof. 
✓ The EJ of heart Failure summarised the ESC 2019 guidelines on managenent of PPCM and 

recommended that Hydralazine, e.g. 25 mg every 6 h, and nitrates, e.g. isosorbide dinitrate 
20 mg once daily with up-titration as tolerated, can be used during pregnancy instead of ACE 
inhibitors/ARBs for afterload reduction. (6) 

✓ Beta-blocker treatment is indicated for all patients with PPCM irrespective if they are in the 
antenatal or postpartum period. Beta blockers should only be commenced once the patient 
is euvolaemic and clinically stable. 

✓ Diuretics should be used if patients have symptoms or signs of congestion irrespective of 
pregnancy status, despite concerns about placental blood flow(6) 

 

HAEMODYNAMIC GOALS DRUGS USED 
ANTENATALLY 

DRUGS USED  
POST-PARTUM ONLY 

Maintain adequate/ reduced 
Preload 

Loop Diurectic(Furosemide)  

 Hydrochlorothiazide  

 Nitrates( eg. Isosorbide 
Dintrate)- and reduce Intrac-
cardiac filling pressures 

 

Afterload Reduction Hydralazine  

  ACE-inhibitors- may improve 
cardiac remodelling 
If not tolerated- use ARBs 
 

 Nitrates( eg.Isosorbide 
Dintrate) 

 

Inotropy Digoxin (EF<40%) and 
symptomatic 
*Monitor plasma levels 

 

Inodilator Levosimendin (not FDA 
approved) 

 

Heart Rate/ prevent 
tachyarrhythmias 

Beta- blockers (Beta-1 
selective agents such as 
Metoprolol Tartate preferred) 

Ivabradine-  useful in PPCM 
patients with high heart rate 
in sinus rhythm on top of 
beta-blockade(6) 

Neuro-hormonal Modification Beta- blockers ACE-I 

   

Prevention of Myocardial 
Fibrosis, Ion channel 
remodelling, prolonged 
myocardial repolarisation, 
and arrhythmias (RALES and 
EMPHASIS-HF trials) 

 Aldosterone Antagonists 
(e.g. Spironolactone)- 
indicated in patients with 
NYHA II-IV heart failure and 
an LVEF ≤35%. 

Anticoagulation UFH  

 LMWH  

  Warfarin 
Table 6 
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• Additional non-pharmacological management 
✓ Implantable cardioverter defibrillators and cardiac resynchronization therapy devices  
✓ These are part of the American College of Cardiology/American Heart Association 

guidelines for the management of cardiac failure.  
✓ However, there are no established guidelines for the placement of these devices in PPCM 

patients.  
✓ It is difficult to time decisions about initiating these therapies in PPCM as they have an 

unpredictable time course and incidence of ventricular recovery in this population(8) 
 

Management of Acute Decompensated Cardiac Failure 

When patients with PPCM present with acute, decompensated cardiac failure, the guidelines for 
the management of acute heart failure apply. They often present in extremis with pulmonary 
oedema and respiratory and cardiac insufficiency that may progress to cardiogenic shock. 
They may require supportive therapy with non-invasive ventilation or intubation, ventilation and 
inotropic support. The initial treatment of patients with severe forms of acute PPCM is different to 
those of stable patients. If a patient is in cardiogenic shock/dependent on inotropes, she should 
be transferred immediately to a tertiary facility where mechanical circulatory support (MCS), 
ventricular assist devices (VAD), and transplant consult teams are available.  
 
Beta-adrenergic receptor stimulation should be avoided as much as possible as these patients 
are very sensitive to their damaging effects. Norepinephrine is indicated to restore blood pressure, 
and levosimendan may be considered, however the only (small) randomized clinical trial in PPCM 
patients did not show a beneficial effect on outcome. Inotropic support and vasopressors are most 
often required.(6) 
 
In PPCM patients with severely reduced LV function and/or cardiogenic shock, VAD implantation 
can be used as a bridge to recovery or transplantation (2–7% of PPCM patients). 
In severe cases an intra-aortic balloon pump,  or extracorporeal membrane oxygenation (ECMO) 
may be required. Heart transplantation may be indicated for patients with severe disease who do 
not respond to pharmacological treatment. Other short-term assist devices, e.g. microaxial pump, 
Centrimag or venoarterial extracorporeal membrane oxygenation (ECMO), may be required. 
Long-term assist devices with left VAD or biventricular VAD can be implanted and some have 
been explanted after recovery. Due to the damaging effects of beta-adrenergic agonists 
specifically in PPCM, there’s a lower threshold for Mechanical Circulatory Support versus other 
patients with inotrope-dependent cardiogenic shock. (6) 

 
In patients with severe disease that is not responding to pharmacological treatment, Heart 
transplantation may be indicated. Implantable defibrillators and cardiac resynchronisation are 
possible interventions for women who survive the acute phase but experience on-going significant 
functional impairment.. (6)  
 
In patients with decompensated cardiac failure who are haemodynamically unstable, urgent 
caesarean section for delivery of the foetus is required, irrespective of gestational age. 
 
ACLS protocols should be followed if Cardiac arrest occurs, following the appropriated measures 
for CPR in a pregnant patient. This includes manual left uterine displacement, 
preparation for a possible difficult airway and rapid desaturation, and consideration of perimortem 
caesarean section if there is no return of spontaneous circulation after 4 
minutes of resuscitation.(6) 
 
The table below summarises the clinical management of these patients.(6) 
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Table 7(6) 

 

Novel and Experimental Therapies 

Pentoxifylline 
A xanthine derivative which inhibits the production of TNFα and apoptosis. Raised plasma TNFα  
levels are found in PPCM and in other causes of LV dysfunction, and pentoxifylline has 
demonstrated an improvement in functional class and LV function in patients with idiopathic 
DCMO. In an open- label study by Sliwa et al. comparing outcomes of PPCM patients managed 
with conventional cardiac failure treatment with patients who received conventional cardiac failure 
treatment with pentoxifylline. The intervention group was treated with 400 mg of pentoxifylline 3 
times a day for a 6month period. Poor outcome (death, failure to improve LVEF by 10points, or 
NYHA class III or IV) occurred in 52% of patients in the control group versus 27% in the 
intervention group. These results have not been confirmed in other trials, and pentoxifylline is not 
recommended routinely for treatment of PPCM.(8) 
 
Bromocriptine 
A dopamine-2-receptor agonist that inhibits prolactin release from the anterior pituitary gland. 
A study by Hilfiker- Kleiner et al. showed that enhanced oxidative stress in a mouse model triggers 
the activation of cathepsin D, a lysosomal enzyme that cleaves prolactin into its antiangiogenic 
and pro-apoptotic 16-kDa form. The study also found evidence of elevated oxidative stress, 
enhanced cathepsin D activity, and increased prolactin cleavage in patients with acute PPCM. 
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A small open-label study, 20 women with severe acute PPCM were randomised to receive either 
standard cardiac failure treatment alone or standard treatment plus bromocriptine for 8weeks 
(2.5mg twice daily for 2weeks followed by 2.5mg daily for 6weeks).(3)They found that at 6 months, 
patients who received bromocriptine showed significant improvement in cardiac function (LVEF 
from 27% to 58% vs. 27% to 36% in the standard group, P=0.012) and mortality (1%vs 4%). (3, 6) 
 
The Germany PPCM registry conducted a randomised prospective study (n=63) and compared 
short and long term bromocriptine treatment in patients with severe PPCM (EF<35%) (no placebo 
arm in this study)(6). Patients were randomly assigned to either short-term bromocriptine treatment 
(2.5 mg daily for 1 week) or long-term bromocriptine treatment (5 mg daily for 2 weeks, followed 
by 2.5mg daily for 6 weeks).  The particular design of this study did not test the benefit of adding 
bromocriptine to standard oral heart failure therapy. This study showed an improvement in LVEF 
at 6 months assessed using cardiac MRI, with a high recovery rate, therefore confirming a 
beneficial association between the use of Bromocriptine in acute PPCM and clinical prognosis.(3) 
LVEF improved from 28% to 49% in the 1-week group versus 28% to 51% in the 8-week group. 
Full recovery (LVEF >50%) was achieved in 52% in the 1-week group versus 68% in the 8-week 
group. During the study period, there were no mortalities in the study group, and none of the 
patients experienced complications requiring a left ventricular assist device (VAD), or heart 
transplantation. It also demonstrated that patients in the 8-week treatment group showed a better 
LV function at 6 months and recovery; however, the results were not statistically significant 
 
There is a potential additional “off-target” effects apart from bromocriptine’s prolactin-blocking 
role, the benefit of which may be seen in the prolonged treatment group. Bromocriptine is present 
in the 2018 ESC guidelines for the management of cardiovascular disease during pregnancy as 
a potentially beneficial treatment. There is no consensus regarding whether or not to use 
Bromocriptine in the treatment of PPCM and data is scarce. There are no large RCTs of 
Bromocriptine in PPCM, and to achieve a true placebo-controlled trial would not be possible if 
patients in the placebo arm continued lactation as blinding would be a challenge.(6) 
 
The BOARD scheme is indicated for treatment of patients with acute PPCM who are post-partum 
and who do not opt to breastfeed. The suggested treatment scheme in uncomplicated patients is 
bromocriptine 2.5 mg daily for 1 week, or if EF <25% or there is right ventricle involvement or 
Intensive care treatment or patient is in cardiogenic shock, then bromocriptine 2.5mg dose twice 
a day for 2 weeks followed by 2.5 mg daily for 6 weeks.(3, 6)  
 
A potential problem in South Africa is that bromocriptine is often not prescribed if formula milk 
cannot be provided by the local clinic and mixed feeding is discouraged in HIV-positive mothers 
in order to prevent HIV transmission(7). 
 
Bromocriptine treatment should always be accompanied by prophylactic anticoagulation with 
heparin in order to reduce the associated thrombo-embolic risk. In the study of Hilfiker-Kleiner et 
al., 2 out of 63 patients developed thromboembolic events, exclusively in the 1-week treatment 
group, after bromocriptine was stopped. This could potentially be due to a rebound effect because 
prolactin was not blocked for a sufficient time.(3) Recent publications showed a much higher 6.8% 
of thrombo-embolic events(2). Thrombo-embolic events can lead to cerebrovascular accidents, 
limb ischaemia and amputation, or death. Future studies should aim to suppress all thrombo-
embolic events whether related to PPCM, bromocriptine, or both and should assess whether 
adjustment of anticoagulation treatment to either a longer duration of prophylactic treatment or 
starting at therapeutic dosages, may suppress those events.(3) 

Other concerns are the suppression of lactation with bromocriptine and the associated long-term 
effects on mother and baby. (6) 
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           Figure 8(6) 
 
Immunosuppressive treatments: 
Drugs such as methylprednisolone, azathioprine, and immunoglobulin therapy have shown 
improvement in PPCM in some case reports, but there currently are no larger trials supporting 
their use. 

Mechanical Circulatory Devices 

These are reserved for patients in whom best medical treatment has been unsuccessful, and  
in patients presenting cardiogenic shock.  
 
Intra-Aortic Balloon Pump (IABP) 
IABP has been described in many case reports as playing a significant role in supporting women 
with PPCM until native LV recovery, or as a bridge to other mechanical circulatory devices. In a 
case series of 6 patients with PPCM requiring an IABP, 2 patients were completely weaned off 
any support, whereas 4 patients eventually received a VAD.(8) 

 
Venoarterial ECMO 
This is not available in our setting currently, however case reports have described successful use 
of VA-ECMO in patients with PPCM in refractory cardiogenic shock. One of the complications 
mentioned in the case report was excessive vaginal bleeding during systemic anticoagulation 
which improved with the administration of misoprostol and oxytocin and 
resolved once the patient was decannulated successfully from ECMO. (8) 
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Percutaneous VADs 
Temporary percutaneous ventricular assist devices (pVADs) are newer devices that have been 
utilised in patients with severely depressed cardiac function. They have been used as a bridge to 
recovery from cardiogenic shock in patients with peripartum cardiomyopathy. They allow quick 
onset and dependable ventricular off-loading, with improved haemodynamics and reversal of end-
organ dysfunction. There is a potential risk of radiation exposure during fluoroscopy for insertion, 
and although there is no reported association between radiation dose <50mGy and teratogenicity 
or spontaneous abortions, the radiation dose during pVAD placement is not yet reported. It has 
been extrapolated that the total foetal radiation exposure during the coronary angiography is < 
1.5mGy.(8) 

 
Implantable cardioverter defibrillators (ICD) and cardiac resynchronization therapy(CRT) devices: 
American College of Cardiology/American Heart Association guidelines for the management of 
heart failure have included ICDs and CRT. There are no established guidelines for the placement 
of these devices in PPCM patients and timing of these interventions is difficult due to the 
unpredictable course of disease and recovery of the heart in these patients. Based on the  the 
high rate of improvement of LV function during optimal cardiac failure pharmacotherapy, early 
implantation of an implantable cardioverter-defibrillator (ICD) in patients with newly diagnosed 
PPCM is not advisable.(6) Wearable cardioverter-defibrillators (WCDs) have been proposed as a 
mechanism to prevent sudden cardiac death during the first 3–6 months after diagnosis until a 
definitive decision about ICD implantation is made(6). The goals after implantation are either ICD 
as a bridge to recovery(rare), ICD as a bridge to destination therapy, or ICD as a bridge to 
transplantation.(8)Patients that present with severe LV dysfunction >6 months and are inotropic 
dependent despite being on best medical therapy for cardiac failure, implantation of an ICD as 
well as cardiac resynchronization therapy (CRT) are recommended according to current ESC 
guidelines. (6)  
 
Heart Transplantation 
Early heart transplantation should be reserved for patients with refractory severe heart failure 
where MCS is not possible or not desirable for patient specific reasons, such as patients with 
biventricular failure or severe initial right ventricular dysfunction.  Patients with PPCM appear to 
have higher rates of graft failure and death after heart transplantation, which may be partly 
explained by higher allo-sensitisation, higher pre-transplant acuity, and increased rejection. As 
late recovery beyond 6–12months is possible and outcomes with heart transplantation in PPCM 
are worse than in other causes of heart failure, delaying transplantation for as long as possible is 
recommended.(6) 
 
POST-DELIVERY COUNSELLING 
Prior to discharge, all patients with PPCM and their partners should receive careful counselling 
about the long-term prognosis and undergo a risk stratification if future pregnancies are 
considered.(6) A recent publication that reported on the outcome of women with PPCM and a 
subsequent pregnancy in patients from Germany, Scotland and South Africa, showed that women 
with an impaired systolic function were at very high risk of relapse and death, and in view of this, 
should be strongly advised against pregnancy. The ESC guidelines advise further that  due to 
any subsequent pregnancy in a woman with PPCM being a very high risk, they should be 
monitored by an experienced multi-disciplinary team throughout pregnancy and for at least 1 year 
postpartum.(6) 

 
BREASTFEEDING 
The 2010 European Society of Cardiology working group, suggest that breastfeeding be avoided 
because of the potential negative effects of prolactin subfragments, 16-dKa prolactin, on cardiac 
function. However, one study designed to examine predictors of ventricular recovery found that 
in 37 of 55 patients who chose to breastfeed, none had adverse maternal effects and that rate of 
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recovery of left ventricular function was significantly higher in lactating women. In view of this, and 
considering the overall benefits of breastfeeding, some experts have recommended that patients 
with stable disease should not be discouraged from breastfeeding as long as there is no issue 
with their anti-failure medication. (16) 
It is also important to consider transfer of drugs into breast milk and whether these drugs are safe 
for the newborn. In HF with reduced EF (HFrEF), breastfeeding is discouraged in more severe 
cases (e.g. NYHA III/IV). Discontinuing lactation reduces the high metabolic demand and allows 
early optimal HF treatment.(17)  
 
CLINICAL FACTORS ASSOCIATED WITH RECOVERY OF L.V FUNCTION 
 
Partial or complete recovery of L.V function is common among patients with PPCM and appears 
to be more frequent than with other types of dilated cardiomyopathy. Complete recovery of LV 
function (defined as recovery to an LVEF >50 percent) has been reported in 20 to 60 % of patients 
in various series. Although nearly all recovery of LV function occurred within six months of 
diagnosis in some series, delayed recovery of LV function has been observed in other studies In 
one series of 100 patients, 42 women showed partial or complete improvement in LVEF occurring 
over months to five years . In this series, only 4 of 23 women who eventually had complete 
recovery achieved this within six months.(18) 
 
Various studies have identified the following main predictors of LV recovery were at follow-up(5) 

• LVEF ≥ 30% 

• LVEDD ≥ 5.5 cm 

• LV fractional shortening ≥ 20% at presentation (baseline) 
 
Higher risk of mortality was associated with(5) 

• Delayed diagnosis 

• Elevated Fas/Apo-1 plasma levels 

• Higher NYHA functional class 

• Baseline LVEF ≤ 25%  

• Patients African ancestry  

• Very low LVEF < 30%, 

• Diagnosis during pregnancy  

• Reduced right ventricular function measured using fractional area change on 
echocardiography or volumes on cardiac magnetic resonance imaging 

• LV thrombus 

• prolonged QRS interval, 

• Elevated troponin and proBNP levels, and elevated Inflammatory -markers- TNFα, IL-6, 
CRP 

 
The recovery of left ventricular dysfunction in PPCM is related to the level of abnormality at the 
time of diagnosis and baseline LVEF has limited sensitivity for prediction of improvement in 
individual patients.  The impact of preeclampsia or hypertension on prognosis of PPCM is unclear. 
Some studies have suggested that PPCM associated with preeclampsia or hypertension may 
have better outcomes; it has been postulated that PPCM may have developed because of these 
conditions, and therefore resolution of these conditions would facilitate recovery from PPCM. In 
contrast, the Investigations of Pregnancy-Associated Cardiomyopathy (IPAC) study found that 
hypertension and preeclampsia were not associated with improved outcomes among patients 
with PPCM. 
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PROGNOSIS 
 
The prognosis of women with PPCM differs globally and this is due to the variability in ethnic and 
social factors, patient access to acute heart failure treatment, as well as the heterogeneity in the 
inclusion criteria in the studies. Based on this the mortality rate can vary anywhere between 5% 
and 50%. The prognosis of peripartum cardiomyopathy (PPCM) includes maternal, obstetric, and 
neonatal outcomes, and the effect of subsequent pregnancy. 
 
Several case publications reported rapid recovery of left ventricular function within 6months after 
diagnosis in the majority of patients, other studies reported delayed LV recovery in a significant 
proportion of patients as well. Of note was that Afro-American women showed lower rates of 
recovery and worse prognosis compared with Caucasians. 
 
The prognosis of patients with PPCM varies from full recovery to residual left ventricular systolic 
dysfunction, persistent cardiac failure and death. In a recent analysis of 411 patients in a 
prospective registry by the EURObservational Research Programme and the HFA, patients with 
PPCM had a 2.4% mortality, an 80–90% rate of persistent HF symptoms and a 6.8% rate of 
thromboembolic events in the first month. (2) 

There is a significant impact on subsequent pregnancies with a high rate of left ventricular 
dysfunction relapse or death at 6 months (56% and 12%, respectively).(19)  
Larger prospective cohort studies largely focused on 6 month outcomes, reporting a mortality 
ranging from 2.0% in Germany  to 12.6% in a large cohort of 206 patients with PPCM from South 
Africa.  A prospective study over 24 months from Turkey reported a 24% mortality. 
 
When the EF has not recovered to >50–55%, subsequent pregnancy should be discouraged. 
Even with normalized EF, counselling is required due to potential recurrence. With expert 
interdisciplinary management and immediate bromocriptine treatment post-delivery, successful 
subsequent pregnancies, especially in patients with recovered EF, have been reported.(17) 
Cardiac transplantation rates of less than 1 to 2 percent per year have been reported. 
Death due to PPCM is usually caused by progressive pump failure, sudden death, or 
thromboembolic events.    
 
PPCM is associated with significant extracardiac morbidity including brain injury. In a study of 182 
women with PPCM, 46 had major adverse events (MAE) including death, cardiac transplantation, 
mechanical circulatory support, cardiopulmonary arrest, fulminant pulmonary oedema, 
thromboembolic complications, and defibrillator or pacemaker implantation. In half of the patients 
with a MAE, the MAE preceded diagnosis of PPCM. One-third of patients who had a MAE other 
than death or cardiac transplantation had residual brain damage as a result of cerebrovascular 
accident or cardiopulmonary arrest.(16) 

Patients with a history of PPCM and residual LV dysfunction have a 50%risk of recurrent cardiac 

failure symptoms and a 25% risk of mortality.(20) 

 

 

 

 

 



Page 30 of 44 
 

Table 8 Major Studies on Diagnosis and Prognosis of PPCM at 6 Months Follow-up. (5) 

1st Author 
[Ref. #] 

Stud
y 
Perio
d 

No. of 
Patien
ts 

Diagnosis 
Criteria 

LV 
Reco
very 
(LVE
F > 
50%) 
(%) 

Predictors of 
LV Recovery 

Mort
ality 
(%) 

Heart 
Trans
-
plant
ation 
(%) 

Predictors of 
Mortality 

Fett, et 
al. [18] 

2000-
2005 

92 LVEF  < 
45% 

32 LVEF  ≥ 30%; 
FS ≥ 20% 

15.3 -- -- 

Brar, et 
al. [23] 

1996-
2005 

60 LVEF  < 
50% 

-- -- 3.3 -- -- 

Chapa, et 
al. [24] 

1988-
2001 

32 FS < 30%  
LVEDD 
≥  4.8 cm 

41 LVEDD ≥ 6cm; 
FS > 20% 

9.6 6.5 -- 

Desai, et 
al. [25] 

1986-
1999 

99 LVEF  < 
45% 

  
14.0 

 
-- 

Gentry, et 
al. [32] 

2003-
2008 

28 LVEF  < 
45% 

28 Non-African 
American 

-- -- -- 

Duran, et 
al. [35] 

1995-
2007 

33 LVEF  < 
45% 

24 LVEF > 27%; 
LVEDD ≥ 5.5 cm 

10.0 6 -- 

Sliwa, et 
al. [36] 

2003-
2005 

100 LVEF  < 
40% 

23 LVEF ≥ 30%, 
LVEDD 

15.0 -- Fas/Apo-1; 
NYHA FC 

Goland, et 
al. [42] 

1994-
2004 

187 LVEF  < 
45% 

61 LVEF ≥ 30% -- -- -- 

Amos, et 
al. [43] 

1990-
2003 

55 LVEF  < 
45% 

45 LVEDD > 5.6 
cm; 
LVEF ≥ 30%; 
No LV thrombus 

0.0 10 -- 

Modi, et 
al. [44] 

1992-
2003 

44 LVEF  < 
45% 

35 LVEF ≥ 30% 15.9 -- -- 

Sliwa, et 
al. [75] 

2005-
2006 

80 LVEF  < 
30% 

-- LVEF ≥ 30% 10.0 -- -- 

Goland, et 
al. [76] 

2009-
2011 

182 LVEF  < 
45% 

49 LVEF ≥ 25% 7.1 4.9 Age >30yrs 
LVEF≤ 25% 
Delayed 
diagnosis ≥ 1wk 

Felker, et 
al. [77] 

1982-
1977 

51 LVEF  < 
45% 

-- -- 7.0 -- -- 

Mielniczuk
, et al. [78] 

1990-
2002 

171 -- -- Younger age, 
non-African 
American 

1.4 -- -- 

Hasan, et 
al. [79] 

2003-
2007 

32 LVEF  < 
45% 

63 -- 9.3 -- -- 

Safirstein, 
et al. [80] 

2005-
2007 

55 LVEF  < 
45% 

-- LVEF ≥ 35%; 
gHTN, 
breastfeeding; 
postpartum 
diagnosis 

-- 
 

-- 

Witlin, et 
al. [81] 

1986-
1994 

28 LVEF  < 
45% 

-- -- 18.0 11 -- 

Total/Mean 
 

1329 
 

40 
 

9.7 7.7 
 

LVEDD: Left Ventricular End Diastolic Dimension; FS: Fractional Shortening; gHTN: Gestational 
Hypertension 
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ANAESTHETIC MANAGEMENT 

PRE-OPERATIVE ASSESSMENT AND PERIOPERATIVE PLANNING 

 
The anaesthetic management of labour and delivery in patients with peripartum cardiomyopathy 
is not well defined and provides a challenge for the anaesthetist. Anaesthetists are meant to be 
involved in the deliveries of those parturient with PPCM by providing labour analgesia, 
anaesthesia for caesarean section and assisting with initial post-operative analgesia in the very 
high-risk patient. These patients are often risk stratified as mWHO class  III- IV (modified WHO 
classification of maternal risk) and have a very high risk of mortality or severe morbidity, hence 
perioperative management of these patients requires careful planning.(17)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           

        Table 9(17) 

 

Several other risk stratification models are currently available, including The CARPREG 1, 
CARPREG II, and ZAHARA (women with congenital heart disease) risk scores. These risk 
stratification models use individual maternal risk factors to calculate the overall risk scores, whose 
value correlates with the estimated chance of a major adverse cardiovascular event.(20)  Risk 
stratification contributes to appropriate patient counselling and planning of the delivery.(20) 
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Table 10(20) 
 

Table 11(20) 
 

Table 12(20) 
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Patients with a prenatal diagnosis of PPCM need to be managed with a multidisciplinary care 
team approach including the obstetrician, anaesthetists, paediatrician/neonatologist, cardiologists 
and intensivist. An MDT meeting should be conducted timeously so that a detailed plan of further 
management for the patient is outlined, including whether the pregnancy should be allowed to 
reach term, timing and mode of delivery, perioperative planning and post-operative care. Their 
management requires a tailored approach according to the patient’s medical status on a periodical 
basis. (21)  The anaesthetic management can broadly be divided into pre-operative optimisation, 
intra-operative management and post-operative stabilisation and management for caesarean 
sections. Similar anaesthetic concerns apply for patients managed as normal vaginal delivery 
requiring epidural analgesia.  
 
In general, unless there is deterioration in the maternal or foetal wellbeing, there is no need for 
urgent or emergent delivery and the pregnancy can progress to term. The decision for normal 
vaginal delivery (NVD) or caesarean section will be based on cardiac status and obstetric 
parameters. The vaginal delivery needs to be done with continuous haemodynamic monitoring 
and even invasive monitoring has been advocated according to patient’s profile.(21) 

 
Ideally, the patient would be reviewed at an early antenatal pre-anaesthetic consultation, 
however, they often do present late in pregnancy already requiring imminent delivery. In such 
cases they should be reviewed in the antenatal/labour ward pre-operatively and a detailed history 
and physical examination is required. We need to establish if they are currently in compensated 
heart failure or acute decompensated heart failure and for the presence of any complications of 
PPCM.  
 
History should include: Parity, gestational age, concurrent medical conditions and risk factors 
for cardiac disease (smoking, hypertension, obesity, and anaemia), dyspnoea grading and any 
deterioration in NYHA functional classification, paroxysmal nocturnal dyspnoea(PND) and 
orthopnoea, angina, palpitations, establish their baseline functional status, any previous 
complications such as admissions for decompensated heart failure, cerebro-vascular 
accidents(CVA) or arrhythmias, complications with previous surgeries or anaesthesia. Knowledge 
of their current drug treatment and adherence, including treatment of PPCM with bromocriptine 
and anticoagulation use. Patients with a reduced EF in PPCM, or patients with an intracardiac 
thrombus, systemic emboli or atrial fibrillation, are anticoagulated with LMWH or UFH pre-
operatively.(17)   
 
Physical examination should include 

• airway assessment for any potential difficulty- in addition to their physiologically decreased 
functional residual capacity, these patients often have pulmonary congestion and do not 
tolerate prolonged apnoeic periods,  

• General examination and Baseline vital signs: clubbing, cyanosis, oxygen saturation, blood 
pressure, heart rate- are they requiring inotropic support pre-operatively 

• Cardiac examination: regular or irregular pulse, signs of cardiac failure, pulmonary 
hypertension, valvular lesions, arrhythmias 

• Chest: respiratory distress, pulmonary congestion, pleural effusion 

• Neurological: GCS score, signs of CVA or other focal neurology 

• Back: pathology or abnormal anatomy that may hinder regional anaesthesia 

• Signs of any thrombo-embolic phenomena 
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Investigations 
Bloods: FBC, U&E, LFT, CMP, baseline Troponin I levels, serial pro-BNP levels, INR, aPTT,  
Arterial blood gas (hypoxemia, metabolic acidaemia and increased lactate may indicate low 
cardiac output), when LMWH is used, anti-Xa levels should be monitored.(17) Digoxin levels if 
indicated. 
 
12-Lead ECG: Sinus rhythm or any arrhythmias, atrial or ventricular enlargement, ST segment 
elevation or depression, T-wave inversion, other signs of acute ischaemic change, QT interval  
Echocardiogram: Comparison to previous echo findings, including cardiac structure and function, 
regional wall motion abnormalities, and reduced contractility may indicate ischemia/cardiac, 
assessment of ejection fraction—preserved or reduced, pulmonary artery systolic pressures, as 
well as any intra-cardiac thrombus formation 
 
On occasion, the patients may arrive in severe pulmonary oedema and in decompensated cardiac 
failure, requiring optimisation and resuscitation. A standard airway, breathing and circulation 
(ABC) approach should be applied and if pre-operative intubation is needed, a rapid sequence 
induction with caution, as with all pregnant woman, about awareness, maintenance of perfusion 
pressure to the placenta and risk of difficult airway. (22)Bridging with non-invasive positive pressure 
(continuous positive pressure (CPAP) or rarely pressure support ventilation) is usually effective 
and removes the need for intubation unless patients are in extremis. Pre-operative stabilisation 
includes primarily diuresis with oral and intravenous loop diuretics and vasodilation with nitrates 
to reduce the pre and afterload. If these measures fail, optimisation with inotropes agents such 
as dobutamine or milrinone, and mechanical assist devices can be considered. These should 
ideally be started with cardiac output monitoring if available. Patients should be managed in a 
high care or intensive care setting, with continuous ECG, saturation and invasive blood pressure 
monitoring. (22) 
 
The patient should be adequately counselled regarding their risk profile, the chosen 
management plan including 

• Choice of anaesthetic for labour analgesia: regional anaesthesia or parenteral analgesia 

• Choice of anaesthetic technique for caesarean section: invasive monitoring, IV access, 
wedge, general anaesthesia or regional technique 

• Risk of intra-operative complications, including the possibility of decompensating during 
labour and delivery 

• Post-operative management and care and potential complications 
 

ANAESTHETIC MANAGEMENT OF LABOUR AND DELIVERY 

 
The anaesthetic management of labour and delivery in patients with peripartum cardiomyopathy 
is not well defined and provides a challenge for the anaesthetist. The anaesthetic technique is 
guided by the urgency of delivery, the physiological condition of the patient, and anaesthetists 
experience and preference. In order to decide on mode of delivery, the factors that must be 
considered includes the patient’s past obstetric history, current haemodynamic status and their 
response to medical management.  
 
NORMAL VAGINAL DELIVERY 
Vaginal delivery is an option for patients with compensated PPCM with a preserved LVEF. The 
advantages of vaginal delivery includes reduced blood loss, decreased fluid shifts, reduced 
metabolic demands, and a lower incidence of post-operative infections and pulmonary 
complications.(23) Techniques to limit the increase in plasma catecholamines, systemic vascular 
resistance(SVR) and myocardial workload associated with labour are advised. Adequate uterine- 
displacement with a wedge is required to prevent aorto-caval compression. Regular monitoring 
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with ECG, oxygen saturation and blood pressure measurements should be initiated early with a 
low threshold for invasive arterial BP monitoring. CTG monitoring is as per obstetric guidelines. 
Pain and anxiety associated with labour can increase sympathetic nervous system activity with a 
resultant increase in cardiac output and SVR, leading to an increase in afterload. This sympathetic 
activity also  decreases uteroplacental outflow, thus endangering an already compromised 
foetus.(21) In order to limit this response, early labour epidural analgesia is recommended. This 
will not only reduce the sympathetic stimulation caused by painful contractions, but also gradually 
reduces the afterload and provides a means of achieving surgical anaesthesia should operative 
intervention be required. We must confirm a normal coagulation status prior to epidural insertion.  
 
Multiple modalities of labour analgesia can be offered to these patients, but regional anaesthesia 
(RA) remains the method of choice as the sympathectomy associated with it causes a decrease 
in cardiac preload and afterload which is beneficial in patients with PPCM. 
 
There is a lack of evidence regarding use of parenteral analgesia in the labouring cardiac 
parturient. Intravenous patient-controlled analgesia (PCA) with remifentanil or fentanyl is not 
encouraged in the high risk cardiac patient as the analgesia is often sub-optimal. In addition, the 
higher dosages required to achieve adequate analgesia may have negative implications for the 
mother and the foetus. Opioid induced respiratory depression and the harmful effects of CO2 
retention in the cardiac parturient include worsening of pulmonary hypertension, decompensated 
heart failure and arrhythmias.(24) Neonatal respiratory depression will require naloxone reversal 
and close monitoring post-delivery. 
 
Considerations for regional analgesic/anaesthetic techniques include  

• Low dose combined spinal epidural (CSE) with a single-injection of intrathecal opioids, with or 
without a local anaesthetic (L.A) agent 

• Continuous infusion epidural analgesia (CEA) -epidural with a local anaesthetic agent 
combined with or without opioids 

• Patient-controlled epidural analgesia (PCEA)(24) 
 
An intrathecal opioid only  CSE option allows a slower onset sympathectomy and hence a slower 
drop in systemic vascular resistance(SVR) and is preferred to a CEA alone, because of the faster 
onset of analgesia with minimal haemodynamic effect(20, 25).  However, a single-injection of 
intrathecal opioids with or without L.A provides time-limited analgesia. If the duration of labour is 
expected to be longer than the analgesic effects of the spinal drugs utilised, or if there is a 
reasonable possibility of operative delivery, the epidural catheter can be activated using a slow, 
low-dose L.A technique (24, 25). The epidural should be carefully titrated to prevent acute 
haemodynamic changes and the infusion can be adjusted to meet the increasing analgesic 
requirements as labour progresses. Epidural technique should use the loss of resistance to saline 
method, rather than air, to avoid a paradoxical air embolism(25). 
 
The decision to use a CSE versus CEA is indivualised to the patient’s haemodynamic profile, 
stage of labour and analgesic requirement, as well as the providing anaesthetists decision and 
expertise. The benefit of CEA with an opioid and L.A combination is that it allows a reduced 
concentration of L.A, thereby minimising the motor block, and the opioid provides a better quality 
of analgesia. The literature is insufficient to determine the effects of epidural L.A with opioids on 
other maternal outcomes (e.g. hypotension, nausea, pruritus, respiratory depression, and urinary 
retention).(24) 
 
PCEA may be utilised to provide an effective and flexible approach for the maintenance of labour 
analgesia and the use of PCEA may be preferable to fixed-rate CEA for providing fewer 
anaesthetic interventions and reducing L.A dosages. PCEA may be used with or without a 
background infusion.(24) 
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The active stage of the second stage of labour requires assisted instrumental delivery to expedite 
delivery, thereby reducing the myocardial workload and detrimental cardiovascular effects 
associated with prolonged valsalva manoeuvres during bearing down. Active management of the 
3rd stage of labour is used to prevent PPH. PPH due to an understandably cautious use of 
uterotonics in the cardiac patient has been reported(26). M Cauldwell et. Al advise the use of a 
2IU/l infusion of oxytocin given over 10 minutes in addition to a standard low dose syntocinon 
infusion of 2 IU. In all pregnant women with cardiac disease, the Royal College of Obstetricians 
and  Gynaecologists (RCOG) recommends 5IU syntocinon intramuscularly (IM) or 2IU 
intravenous (IV) over 10 min for active management of the third stage(27).  The European Society 
for Cardiology (ESC) also advocate using 2IU oxytocin IV but did not include IM oxytocin use in 
their recommendation. These doses are half of those used in healthy women for active 
management of the third stage.(27) 

Ergometrine and Carboprost is contra-indicated in the cardiac obstetric patient. Ensure adequate 
analgesia for post-delivery pain. Monitor for signs of pulmonary oedema and cardiac 
decompensation. Consider initial post-delivery analgesia with the labour epidural, in the high care 
setting. UFH or LMWH is recommenced  according to local guidelines. 
 
CAESAREAN SECTION 
Caesarean section(C/S) is indicated in patients who are NYHA classification III/IV, in 
decompensated cardiac failure, pulmonary oedema, or for any obstetric indications. 
Elective caesarean sections are planned for patients based on clinical status and gestational age 
and allow for a more predictable timing of delivery and perioperative plan.  
 
The anaesthetic management aims are to 

• Ensure adequate oxygenation 

• Maintain myocardial perfusion by: 
➢ Avoiding arrhythmias 
➢ Preventing episodes of hypotension or tachycardia 

• Optimise cardiac output 
➢ Maintain preload but prevent fluid overload 
➢ Maintain / increase myocardial contractility 
➢ Prevent increased afterload 
➢ Avoid any technique that can cause sudden drop in systemic vascular resistance(SVR) 

and careful titration of intravenous or local anaesthetic drugs. 
 

There is a paucity of large randomised control studies or guidelines with regards to the 
anaesthetic management of patients with PPCM. Management of these patients is generally 
based on previous case reports series and the clinical experience and judgement of the practising 
anaesthetist. Many case reports of patients with PPCM used the following anaesthetic techniques 
and advocate as them being “most appropriate” for C/S delivery for patients with peripartum 
cardiomyopathy(28)  

• general anaesthesia (G.A) volatile inhalational agent   

• general anaesthesia with remifentanil (29)  

• epidural anaesthesia  

• combined spinal-epidural (CSE)  (30) 

• Continuous spinal anaesthesia (CSA) (31) 
 

The anaesthetic technique should be indivualised based on the patient’s haemodynamic status, 
and the clinical experience of the anaesthetist. There is no evidence that one technique is better 
than another, and so the opinion of a senior specialist anaesthetist should be sought.(22) 
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Theatre must be prepared adequately, anaesthetic machine checked, emergency equipment 
including defibrillator readily available, emergency drugs prepared including inotropic infusions, 
choice of drugs pre-selected and prepared, prophylactic antibiotics, syntocinon infusion via 
infusion pump, IV fluids via intravenous automatic control pump, airway equipment including 
difficult airway equipment (such as glidescope) if required, arterial line, forced air warming device, 
trans-oesophaegeal echocardiogram (TOE), ultrasound machine, and a central venous catheter 
and fluid warmer if indicated. Patients should be provided with left lateral uterine displacement 
with a wedge under right hip to prevent aorto-caval compression. Obstetricians and paediatrician 
should be present in theatre prior to commencement of anaesthesia. Guidelines recommend 
insertion of an awake arterial line for invasive blood pressure monitoring. 
 
GENERAL ANAESTHESIA 
Patients in decompensated cardiac failure, or in whom regional anaesthesia is contraindicated, 
or due to any obstetric indication, are commonly the patients considered for G.A. The advantages 
of G.A include controlled airway, allows use of TOE for monitoring if needed.(28) According to the 
published reports , an inhalational technique or total intravenous anaesthesia (TIVA) with propofol 
and remifentanil have been used. However, most induction agents and all  inhalational agents 
have myocardial depressant and vasodilatory effects. (28) A rapid sequence induction with cricoid 
pressure is required to prevent aspiration.  A slowly and carefully titrated choice of drugs for 
induction are required in order to avoid severe myocardial depression, causing hypotension and 
cardiac arrest, which have been reported in previous case reports post-induction of G.A. 
Attenuation of the laryngoscopy and intubation response is  achieved with an appropriate dose of 
rapid-acting opioid e.g. alfentanil and remifentanil. If opioids are used for induction, the 
paediatrician should be informed as these do cross the foeto-placental barrier and may cause 
respiratory depression in the newborn. In a recent review article by Arendt and Lindley, they 
recommend the use of opioids and IV lignocaine followed by a slow titration of inductions 
agents.(20) They suggested use of etomidate 0.1- 0.3mg/kg as an induction agent , with 
remifentanil as a pre-induction opioid infusion of 0.2-0.5ug/kg/min for 5-10minutes ,or as a single 
bolus of 2-4ug/kg at induction.(20) 
 
Inotropes such as dobutamine, calcium sensitisers (e.g levosimendan 0.1–0.2 μg/kg/min with 
or without a loading dose of 3–12 μg/kg over 10 minutes(21)) or phosphodiesterase inhibitors (e.g. 
milirinone) may be required to offset the myocardial depression of intravenous and volatile 
anaesthetic agents. Vasopressors are used to counteract the vasodilation and maintain coronary 
perfusion. Preload should be maintained, and minimally invasive or invasive cardiac output 
monitoring may assist as a guide to titrating this support and provides real-time cardiac 
monitoring. Although there is not a consensus regarding invasive monitoring, pulmonary artery 
catheterisation is seldom used today(10). A combination of vasopressors and inotropes may 
necessitate placement of a central venous catheter line.(22)  Awareness of the adverse effects of 
positive pressure ventilation on venous return must be considered. Strict input and output 
monitoring is required with judicious fluid management as a rapid infusion of fluids may cause 
overdistention of the myocardium with subsequent decompensation of heart failure. Measures 
should be taken to avoid acidosis, hypoxia, hypothermia and anaemia as these can all contribute 
to myocardial dysfunction and worsen pulmonary hypertension. Good communication with 
surgeon and monitoring of blood loss is needed. Excess crystalloid resuscitation should also be 
avoided as this can lead to excess third space redistribution of fluids, potentially worsening 
pulmonary oedema(22). The auto transfusion post-delivery of placenta could potentially result in 
an increase in filling pressures and an adverse outcome. Therefore, an intentional decrease in 
filling pressures immediately before delivery should be considered or a low dose of furosemide 
post-delivery(21), and close monitoring for pulmonary oedema is required. Patients with PPCM are 
at risk for developing arrhythmias which may require pharmacological or electrical intervention. 
Beta- blockers and calcium channel blockers (tocolytic effect) should be used with caution. Drugs 
such as digoxin and amiodarone have shown to be a better choice in these patients(22).  
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Women with cardiac disease may be very sensitive to the adverse effects of oxytocin and other 
uterotonics, and their management needs to be tailored to their clinical status.(32). Some of the 
adverse effects of syntocinon includes ST segment depression, hypotension and tachycardia, 
and these can contribute to maternal morbidity and mortality(33).Recommendations are that it be 
administered a slow low- dose infusion that is titrated to maintain uterine contractility, while and 
preserving maternal haemodynamics. Oxytocin exerts its effects by binding to G protein-coupled 
receptors. These receptors are found throughout the body, including the myometrium and 
endometrium, cardiovascular system and central nervous system. In the last trimester, there is a 
significant increase in oxytocin receptors in the uterus. The uterotonic effects of oxytocin are 
mediated in by stimulation of the receptor leading to a direct contractile effect in the myometrium; 
and by stimulating production of prostaglandin PGF2-alpha in the endometrium.(33)Like other G 
protein-coupled receptors, oxytocin receptors undergo rapid homologous desensitisation and the 
clinical implications of this is seen in the uterine response to subsequent administration of 
oxytocin. Distinguish between elective(oxytocin-naive) and emergency C/S where the patient has 
been oxytocin-exposed already, as there is a definite difference between their circulating hormone 
levels as well as acute changes in receptor-sensitivity in these circumstances.(33) The ED 90 effect 
(dose expected to give 90% maximal contraction) for uterine myocyte stimulation is 0.35IU in 
oxytocin naive patients at C/S and 3IU in patients who have been receiving oxytocin for labour 
augmentation prior to c/s.(32) The RCOG good practice recommendation advocates a lower dose 
of 2IU oxytocin given over 10–20 min at elective C/S and a low-dose infusion  of 12 
mIU(0.012IU)/minute ( either 5 IU in 50 ml at 7 ml/hr or 10IU in 500 ml at 36 ml/hr), continued for 
4 hours (longer if concerned).(34) 
 
Ergot alkaloids(ergometrine) is contraindicated as it can cause vascular smooth muscle 
contraction resulting in vasospasm, myocardial ischaemia, and acute pulmonary hypertension.(20) 

Carboprost(PGF2-alpha) can cause severe increase in pulmonary artery pressure and is not to 
be used in  these patients.(20) Misoprostol is a prostaglandin E1 analogue, one of the weakest 
agents for prevention of post-partum haemorrhage, but it has no known cardiovascular side 
effects. Rectal or Buccal misoprostol as an additional agent to the low-dose syntocinon infusion 
is considered acceptable.(20) Some reports have recommended use of b-lynch compression 
suture prophylactically or use of an intrauterine balloon as part of PPH prevention. Extubation 
response should be blunted adequately. A post-operative analgesic plan must be established 
before the patient is discharged to the high-care unit or ICU.  
 
REGIONAL ANAESTHESIA 
The trend in the case reports reviewed is towards careful use of regional techniques that provide 
reliable, rapidly titratable, profound analgesia, with minimal haemodynamic changes. The 
advantage of epidural anaesthesia is the excellent analgesia, the sympathectomy associated with 
it, which causes a slow decrease in cardiac preload and afterload that is beneficial in patients with 
PPCM(21).  
 
Many authors have suggested that a carefully titrated epidural anaesthetic, in combination with 
invasive monitoring, is the best anaesthetic option for these patients. Single dose spinal 
anaesthetic is not recommended due to the uncontrolled sympathetic blockade and acute 
haemodynamic instability. The disadvantage of neuraxial techniques if not titrated slowly is that 
they can cause sudden vasodilation, dramatic loss of preload and afterload causing a significant 
hypotension.(22) A “patchy” block may develop which may require conversion to general 
anaesthesia in the presence of a sympathectomy, which may be potentially hazardous.(28) This is 
worsened by the fact that patients with PPCM lack the ability to compensate with an increase in 
contractility. Neuraxial opioids provide effective postoperative analgesia decreasing the 
sympathetically mediated post-partum increases in afterload. Attention should be given to the 
timing of anticoagulation administration for both insertion and removal of the neuraxial catheter. 



Page 39 of 44 
 

George et al. described use of a continuous epidural anaesthesia (CEA) using bupivacaine with 
fentanyl in which the level of anaesthesia was slowly allowed to develop over 6 hours. They 
outlined the advantages of CEA they found, including avoidance of myocardial depressant 
general anaesthetic drugs, easy and slow titratability and improvement in cardiac function due to 
decrease in cardiac preload and afterload.(21)  Early epidurals performed during the first and 
second stage of labour are beneficial in PPCM as it allows good neuraxial blockade to be 
established over a longer period, with incremental boluses, and this epidural can then be used 
intra-operatively should the patient require C/S. 
 

Schnaider et al. described a combined spinal epidural (CSE) in a morbidly obese patient with an 
EF of 20% who had a C/S successfully under regional anaesthetic, with an uneventful 
perioperative course. They preferred CSE over CEA due to its lower failure rate, better patient 
satisfaction and pain scores, and the superior hemodynamic profile versus CEA. If the initial 
intrathecal dose of CSE is kept to a minimum, haemodynamic stability may approach that of 
CSA.(21) The disadvantages are large volumes of local anaesthetic are required and time required 
to establish block, with possible unpredictable results.  
Arendt and Lindley et al. recommended the following CSE technique(20): 

• Spinal -0.5-1ml (2.5-5mg) Hyperbaric bupivacaine with 15- 25mcg Fentanyl followed by 
Epidural-slow loading with 2-3ml epidural boluses of 0.5% plain bupivacaine or 2% 
Lignocaine every 5 minutes, to achieve a T6 sensory level over 15-30minutes  

Phenylephirine infusion (0.1-2ug/kg/min) can be used with close heart rate and blood pressure 
monitoring(25). Other vasopressors, such as ephedrine, must be readily available. 
 
CSA via an intrathecal catheter appears to offer more haemodynamic stability compared with a 
single dose spinal and it produces a dense good quality block.(28) CSA has a lower failure rate 
than CEA and also provides for lower maternal and umbilical cord blood concentrations of local 
anaesthetics(28). There are no trials comparing agents to be used in CSA, but the recommendation 
is for the agents used to be preservative free. Velickovic et al. advocate CSA for its more rapid 
and effective titratability. They inserted a 19-G flexible single orifice catheter in the intrathecal 
space and after confirming the position of the catheter by aspiration of CSF, a total of 10 mg ( 
2ml) of 0.5% isobaric bupivacaine without dextrose and fentanyl 25 mcg, was titrated in 2.5 mg 
increments at 5 to 10-min intervals resulting in a T8 sensory level.(28) The catheter was left in situ 
for several hours postoperatively for management of postoperative pain and  post-dural puncture 
headache(PDPH).(21) The level of motor and sensory block can be gradually increased , 
preventing sudden hypotension and hence sudden decompensation in these patients.   
 
Both the CSA and CSE techniques can cause a post-dural puncture headache(PDPH) and the 
very rare cauda equina syndrome, but there are measures that can be attempted to prevent these 
complications(28). Larger gauge catheters allow for more rapid injection, and much better mixing 
of anaesthetic drug with the CSF and facilitates more effective aspiration of CSF to confirm proper 
catheter placement. Use of a catheter over needle technique and a smaller gauge catheter 
reduces the incidence of post-dural puncture headache. However, the smaller gauge catheters 
are not readily available in our setting hence CSA is rarely performed in order to avoid PDPH, as 
well as due to a lack of familiarity and expertise with this technique. 
 
If not contra-indicated, post-operative analgesia can be improved by a preservative-free morphine 
2-3mg via the epidural catheter(25). However, these patients must be monitored for excessive 
sedation and cardio-respiratory depression.  
 
The table below is a summary by Ramachandran et al. of the salient features in anaesthetic 
management for C/S or patients with preoperative diagnosis of PPCM.(21)                                                                                                                                               
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Table 13(21) 

POST-OPERATIVE CARE 

These patients require close monitoring in the post-partum period, often in the intensive care 
unit (ICU) or high-care unit (HCU) setting. Strict haemodynamic, oxygenation and fluid balance 
monitoring is required. Ensure adequate analgesia and early mobilisation as tolerated. 
Analgesic plan may include intravenous paracetamol, non-steroidal anti-inflammatories, if not 
contra-indicated, and an opioid such as morphine can be used with close haemodynamic 
monitoring. Post-operative regional anaesthetic techniques such as Transverse Abdominis 
Plane(TAP) Block or Quadratus Lumborum(QL) Block can be considered. Alternatively, the 
CSE or CEA can be continued initially post-surgery with the patient monitored in a high-care 
unit. Cardiac function may deteriorate post-operatively and they may often require ventilation, 
inotropic support, or emergency mechanical assist devices. Some of the cardiac complications 
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leading to mortality include acute pulmonary oedema, Tachyarrhythmias, and pulmonary and 
systemic emboli. (15) Early ambulation, physiotherapy, and thromboprophylaxis is recommended 
to reduce risk of deep vein thrombosis (DVT) formation.  The American College of Obstetricians 
and Gynaecologists  recommend recommencing thromboprophylaxis 4 - 6 hours after vaginal 
delivery or 6 - 12 hours after C/S delivery, in the absence of postpartum haemorrhage and 
regional anaesthesia.(35) The Royal College of Obstetricians and Gynaecologists guideline 
advises avoiding the use of warfarin in the first 5 days after delivery, and for a longer period in 
the patient at risk of postpartum haemorrhage. Mechanical prophylactic measures should be 
continued until the patient is ambulatory and on anticoagulation again.(35) 

 
The table below is a summary of most recent guidelines regarding neuraxial anaesthesia 

Table 14(35) 
 
Anti-failure treatment must be reviewed and adjusted accordingly (as described earlier) now that 
there are no foetal limitations and the patient must be advised regarding breastfeeding on a case 
to case basis. Serial echocardiography should be repeated post-delivery and patients should 
receive regular follow-up by cardiologists. Thromboprophylaxis should be continued for 6 weeks 
as they are high-risk women(35).  Factors predictive of adverse outcomes include ongoing poor 
left ventricular function, increased left ventricular end-diastolic dimension, and delayed recovery. 
(15) 
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CONCLUSION 
PPCM is a complex condition with a heterogeneous and incompletely understood 
pathophysiology that requires more study. Further elucidation of these mechanisms would allow 
the development of more precise diagnostic and treatment modalities. Management of heart 
failure in the parturient presenting in cardiac failure is often challenging as PPCM presentation 
may vary from subtle signs and symptoms to severe acute heart failure, pulmonary oedema 
and/or cardiogenic shock. Recent studies have demonstrated an improvement in the outcomes 
for PPCM, possibly due to earlier recognition, better available medical therapies, and 
advancements in mechanical circulatory support and heart transplantation.  
 
There is a paucity of local databases or local clinical management guidelines for patients with 
PPCM. In Kwa-Zulu Natal(KZN), our public sector tertiary facility offers largely supportive 
management with pharmacotherapy for cardiac failure in patients with PPCM. Due to small patient 
numbers and ongoing research, bromocriptine use in PPCM has not been routinely established 
as yet, and mechanical circulatory device insertion and heart transplantation is not available in 
our setting currently. This limits our management significantly and negatively influences morbidity 
and mortality of those patients diagnosed with PPCM in KZN. 
 
Patients with a background history of PPCM are at risk of either recurrence or worsening of their 
baseline cardiac function and therefore are associated with poor maternal and foetal outcome. 
Current guidelines from the ESC Study Group on PPCM recommend that patients who have 
recovered from PPCM receive counselling for risk stratification regarding future pregnancies. 
Furthermore, it is recommended that women with subsequent pregnancies should be monitored 
by a multidisciplinary team for at least 1 year postpartum. Patients with impaired systolic function 
are at significant risk for death and therefore should be advised against further pregnancies. (17)  

 

The established ESC EURObservational research programme peripartum cardiomyopathy 
registry continues to create global awareness and the recently published treatment guidelines will 
influence standard of care in these patients and should improve morbidity where possible. 
 
Further education and research is needed for the best strategies to educate pregnant women and 
to create awareness of this clinical entity for managing clinicians. This will facilitate earlier 
recognition, diagnosis and treatment of PPCM, allowing for better patient outcomes. 
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