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Summary 

Peripartum cardiomyopathy (PPCM) typically presents as heart failure with reduced ejection fraction in the last month of pregnancy or in the months following delivery in women without another known cause of heart failure. This updated position statement summarizes the knowledge about pathophysiological mechanisms, risk factors, clinical presentation, diagnosis and management of PPCM. As shortness of breath, fatigue and leg oedema are common in the peripartum period, a high index of suspicion is required to not miss the diagnosis. Measurement of natriuretic peptides, electrocardiography and echocardiography are recommended to promptly diagnose or exclude heart failure/PPCM. Important differential diagnoses include pulmonary embolism, myocardial infarction, hypertensive heart disease during pregnancy, and pre-existing heart disease. PPCM is associated with high morbidity and mortality, but also with a high probability of partial and often full recovery. Use of guideline-directed pharmacological therapy for heart failure is recommended in all patients. The oxidative-stress mediated cleavage of the nursing hormone prolactin into a cardiotoxic fragment was has been identified as a driver of PPCM pathophysiology. Pharmacological blockade of prolactin release using bromocriptine as a disease-specific therapy in addition to standard therapy for heart failure treatment has showned promising results in two clinical trials. Thresholds for devices (implantable cardioverter defibrillators, cardiac resynchronisation therapy and implanted long-term ventricular assist devices) are higher in PPCM than in other conditions because of the high rate of recovery. The important role of education and counselling around contraception and future pregnancies is emphasised.  











Introduction 
The aetiology of cardiomyopathies occurring de novo in association with pregnancy is diverse. Peripartum cardiomyopathy (PPCM) has to be differentiated from other causes of heart failure. Cardiomyopathies are not very common diseases, but may cause severe complications, making a substantial contribution to maternal morbidity and mortality during pregnancy, in the immediate peripartum period and up to months laterand after pregnancy, and substantially contribute to maternal morbidity and mortality, also late after pregnancy.(1) The ongoing international PPCM registry in the EURObservational Research Programme (EORP) has recruited over 750 patients and will be the largest dataset to provide important novel information on PPCM by far (the previous largest studies were of 100 patients in the United States and 115 in Germany).(2-5) How often PPCM causes chronic, stable heart failure is unclear, as patients with non-specific symptoms around pregnancy may remain un-diagnosed and are only identified months or years later. How often heart failure in younger women is caused by PPCM will not be determined until there is a large cohort study of all-comer pregnancies with sequential monitoring of cardiac function. 	Comment by Mark R Johnson: Not sure this phrase is necessary, as all we are saying is a “large pregnancy cohort study which includes monitoring of cardiac function”
Heart failure due to PPCM provides a challenge for treating physicians as PPCM presentation may vary from subtle signs and symptoms to severe acute heart failure and shock.(6, 7) Moreover therapeutic interventions need always to consider both the health of the mother and the foetus or baby. While evidence-based data from randomized clinical trials are scarce, in this position statement we summarize current knowledge about pathophysiologyical knowledge and clinical best-practice in the management of PPCM patients.	Comment by Mark R Johnson: UK spells fetus wihtout an o now, apparrently added by a Victorian Dr as thought to reflect latin spelling.

Definition and epidemiology 
In 2010, the Study Group on peripartum cardiomyopathy of the Heart Failure Association (HFA) of the European Society of Cardiology (ESC) defined PPCM as  an idiopathic cardiomyopathy 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  (LV) ejection fraction (EF) <45%.(7) Given the fact that there are several patients with typical features of PPCM and a clear impairment of LVEF, but an EF value of between 45% and 50%, we now propose an EF upper limit border of 50%, in order not to underdiagnose PPCM (see box). Since no specific test to confirm PPCM exists, it remains a diagnosis of exclusion, and differential diagnoses need to be considered. In particular, aggravation of a pre-existing heart disease by pregnancy-mediated haemodynamic changes should be differentiated from PPCM.

The incidence of PPCM differs widely depending on the ethnic/racial and regional background of women. Interestingly, Africans and African Americans are at a higher risk for developing PPCM, with an estimated incidence of 1:100 in Nigeria and 1:299 in Haiti whereas incidences in Caucasian populations range from 1 in 1000 life birth, 1:1500 to 2000 pregnancies in Germany, and 1:10149 in Denmark.(4, 5, 7-11). In the USA, an increasing incidence was described over the past 8 years.(8) In a Japanese cohort the incidence was as low as 1:20,000(12), however, these results should be interpreted with caution due to methodological aspects and possible under reporting. In contrast, an analysis that appears more representative of the Asian population, was published recently from a nationwide database and estimated the incidence of PPCM in South Korea at 1:1741.(13, 14). Predisposing factors for PPCM seem to be multiparity and multiple pregnancieschildbirths (twins), family history, ethnicity, smoking, diabetes, hypertension, pre-eclampsia, malnutrition, advanced age of the mothers (with younger and older mothers being at greater risk) or teenage pregnancy, and prolonged use of beta-agonists.(5, 7, 8, 15). 


Pathophysiology 
The aetiology of PPCM is uncertain; potential factors leading to PPCM include low selenium levels, viral infections, stress-activated cytokines, inflammation, autoimmune reaction, pathological response to haemodynamic stress, unbalanced oxidative stress, and induction of anti-angiogenic factors.(16-19) The oxidative stress-mediated cleavage of the nursing hormone prolactin into a smaller biologically active subfragment, 16-kDa prolactin, may drive PPCM by inducing endothelial damage.(17, 20) Endothelial microparticles (exosomes) loaded with active compounds such as microRNAs, whose release into the circulation is also induced by 16-kDa prolactin, may subsequently impair cardiomyocyte metabolism and further contribute to the manifestation of PPCM (see Figure 1).(11, 15, 17, 20, 21) The link between vascular pregnancy complications (for example pre-eclampsia) and PPCM was strengthened by the observation that women with PPCM had high levels of sFLT-1, a potent VEGF inhibitor, which has been implicated in the pathogenesis of pre-eclampsia, suggesting an overlap between the conditions. Indeed, pro-angiogenic therapies could rescue the PPCM phenotype in experimental models. In conclusion, PPCM is a complex disease with a quite heterogeneous pathophysiology involving angiogenic, metabolic, hormonal and oxidative stress factors.	Comment by Mark R Johnson: Still don’t like this word!	Comment by Dr. Tobias König: Comment KS:
I would suggest we refer in this section to the figures and also explain the figures. Even for someone how knows a bit from the field the pathophysiological figures listing INF gamma and pathogens, ErbB4 and VEGF to endothelial cells is not really meanigful as a standing alone figure. I would suggest expanding this section a bit, refering clearly to a recent review and than direclty explain and refer to the figure.	Comment by Bauersachs, Johann Prof. Dr.: Denise, could you expand a bit? And cite Arany? And provide a legend to Fig 1?
And incorporate this part…There is uncertainty as to whether pre-eclampsia and PPCM are separate conditions or whether there is pathophysiological over-lap.  Some argue that these are distinct conditions with different mechanisms and outcomes but others argue that they share mechanism and outcome (see sFLT-1 	Comment by Mark R Johnson: I have added a sentence which says this above.

Genetic aspects 
Genetically transmitted DCM may manifest in the same time interval and is sometimes difficult to distinguish from PPCM.(22-25) Indeed, recent observations support the notion that around 15-20% of patients with peripartum heart failure carry mutations known to induce cardiomyopathies, i.e. in genes like titin, b-myosine heavy chain (b-MHC), myosin-binding protein C (MYBPC3), lamin A/C or sodium voltage-gated channel alpha subunit 5 (scn5a).(22-25) One theory is that in gene-positive, phenotype-positive women without clinical symptoms prior to pregnancy, the physiological stress during of pregnancy and delivery may have unmasked DCM. Another theory is that the presence of these genes leads to the development of PPCM in patients with no prior phenotypic abnormalities. Further investigation is needed regarding mutations or polymorphisms in genes regulating metabolism, oxidative stress response, angiogenesis and the immune system as well as the observation that PPCM seems to be more frequent in women of African ancestry.(9, 11, 15, 26)


Clinical presentation and (differential) diagnosis 
While the majority of patients with PPCM present in the early post-partum period there should also be a high-index of suspicion towards the end of pregnancy.(3, 4) The differential diagnosis differs according to stage of presentation- pre- versus post-partum. Table 1 summarizes differential diagnoses of PPCM and features of history, onset, biomarkers and echocardiography that help in the differentiation from PPCM. 
An important differential diagnosis in patients presenting with acute heart failure at the end of pregnancy or directly post-delivery is severe (pre-)eclampsia leading to pulmonary edema mainly due to diastolic dysfunction. In a South African cohort comparing clinical profiles and outcomes between hypertensive heart failure of pregnancy (HHFP) and PPCM(27), PPCM was more often associated with the following features: twin pregnancy, smoking, cardiomegaly with lower LVEF, longer QRS duration, QRS abnormalities, left atrial hypertrophy, left bundle branch block, T wave inversion and atrial fibrillation. By contrast, HHFP patients were more likely to have a family history of hypertension, hypertension and pre-eclampsia in a previous pregnancy, tachycardia at presentation, and LV hypertrophy. Mortality was 17% in the PPCM group compared to 0% among HHFP cases. Those data suggest significant differences in presentation and outcome of those two conditions which that impact in particular on the long-term management, prognosis and advice about a subsequent pregnancy. 
In case of cardiogenic shock, pregnancy-associated myocardial infarction, pulmonary embolism and amniotic liquid fluid embolism should be immediately ruled out.(6) In the post-delivery situation, PPCM often occurs as subacute and presents with slowly developing heart failure with n. Non-specific symptoms like shortness of breath, fatigue, chest pain, cough and abdominal discomfort may be the presenting features and could leading to late diagnosis.(28) PPCM should be suspected in all women with a delayed return to the pre-pregnancy state. 	Comment by Mark R Johnson: That is pretty difficult to exclude and a better word might be “considered”
In general, PPCM has to be differentiated from other causes of heart failure such as (pre-existing) dilated cardiomyopathy (DCM), adult congenital heart disease, Takosubo cardiomyopathy, stress cardiomyopathy, and toxic cardiomyopathy after e.g. chemotherapy.(7, 11, 15). In a recent analysis of the worldwide EORP PPCM registry, characteristics and risk factors of PPCM patients with different ethnicities (including Asians) were reported.(3) Despite the huge differences in ethnic and socio-economic backgrounds among regions of the world, the baseline characteristics and mode of presentation of PPCM patients were remarkably similar.

Figure 2 summarizes the diagnostic pathway in patients with suspected PPCM including ECG, determination of natriuretic peptides, x-ray and echocardiography (according to local availability not all four have to be performed in all patients). Figure 3 provides an overview of different clinical scenarios in patients with PPCM according to clinical severity with typical results from diagnostic tests and recommended monitoring and treatment. 


Electrocardiogram 
An electrocardiogram should be performed in all patients with suspected PPCM because it is safe, inexpensive and may help distinguish PPCM from other causes of symptoms. Although there is no specific ECG pattern for PPCM, at initial evaluation, the ECG is rarely normal and repolarization abnormalities are common.(29-31) A normal ECG does not exclude PPCM.  A recent study identified a long QTc interval at baseline as a predictor of poor outcome in PPCM. (Hoevelmann et al, Int J Cardiol, minor revision)  



Biomarker 
BNP/ NT-BNP levels are not elevated in normal pregnancy.(32)  Patients with acute PPCM usually have elevated plasma concentrations of natriuretic peptides, especially NT-proBNP.(5, 7) The most important role of natriuretic peptides is to rule-out heart failure (which with a threshold <125pg/ml can be ruled out with high probability), and they should not be used solely to establish the diagnosis of PPCM. 
A Turkish study of 52 patients found that baseline BNP did not predict better or worse outcome.(33) More specific biomarkers would be helpful to allow a faster and more reliable diagnosis of PPCM, but these are yet to be adequately defined. Candidates involve 16kDa-prolactin, interferon-gamma, ADMA and microRNA-146a.(5, 17, 34) There is controversy on the impact of imbalanced angiogenesis. Recently, high PlGF and/or low soluble flt1/PlGF were suggested to be useful to diagnose PPCM. More research in this field is needed before any recommendations can be made.(35)

Cardiac imaging 
Echocardiography is indicated as soon as possible in all cases of suspected PPCM to confirm the diagnosis, assess concomitant or pre-existing cardiac disease, exclude complications of PPCM (e.g. LV thrombus) and obtain prognostic information (for example left ventricular ejection fraction and pulmonary hypertension). After stabilization, MRI may provide a more accurate evaluation of cardiac structure and function and can sometimes uncover alternative diagnoses (for example arrhythmogenic right ventricular cardiomyopathy and myocarditis). Administration of gadolinium to assess late enhancement should be avoided until after delivery. 

Endomyocardial biopsy
Endomyocardial biopsy (EMB) does not add diagnostic or prognostic information in PPCM, but may be used to exclude acute myocarditis after delivery. Whether or not myocarditis can be a mechanism of PPCM or whether myocarditis is a distinct entity is unclear.  Myocarditis has been identified occasionally in patients thought to have PPCM.(36) Routine EMB is not recommended in patients with suspected PPCM.


Management	
Acute heart failure
In cases when PPCM presents with acute, decompensated heart failure (see Figure 3, clinical scenario acute heart failure/cardiogenic shock), the guidelines for the management of acute heart failure apply.(37, 38) For rapid diagnosis and decision making in all pregnant women with acute heart failure, a prespecified management algorithm and the establishment of an interdisciplinary team is crucial.(6, 39, 40)  Interdisciplinary care in cases of severe acute heart failure includes cardiologists, intensivists, obstetricians, neonatologists, anaesthetists and cardiac surgeons (see Figure 1 in Ref. (6). Timely diagnosis and treatment are crucial. A recommended treatment algorithm for patients with acute PPCM is given in Figure 2 in Ref. (6). Clearly, the initial treatment of patients with severe forms of acute PPCM is different to those of stable patients (Figure 3).
If a patient is in cardiogenic shock/dependent on inotropes, she should be transferred immediately to a facility where mechanical circulatory support, ventricular assist devices (VAD), and transplant consult teams are available.(6, 38). Experimental data and a study in PPCM patients indicated that patients with PPCM may be especially sensitive to toxic effects of beta-adrenergic receptor stimulation which should be avoided whenever possible.(41) Levosimedan may be considered, however the only (small) randomized clinical trial in PPCM patients did not show a beneficial effect on outcome.(6, 42) In PPCM patients with severely reduced LV function and/or cardiogenic shock, VAD implantation or transplant can be necessary (2-7% of PPCM patients).(4-6). It is important to note, however, that a significant proportion of PPCM patients improve or normalize their LV function over the first 6 months after diagnosis, which must be considered when decisions are made.(6) Short term assist devices e.g. microaxial pump, Centrimag or venoarterial extracorporeal membrane oxygenation (ECMO) may be required.(43) Long term assist devices with LVAD or BIVAD can be implanted and some have been explanted after recovery.(44, 45) 

Heart transplantation in PPCM 
Early cardiac transplantation should be reserved for patients with refractory severe heart failure where mechanical circulatory support is not possible or not desirable for individual reasons, mainly for cases with biventricular failure or severe initial right ventricular dysfunction.(46) Patients with PPCM appear to have higher rates of graft failure and death after heart transplantation, which may be partly explained by higher allosensitization, higher pre-transplant acuity, and increased rejection.(47) As late recovery beyond 6-12 months is possible(48), delaying heart transplantation as long as possible would be wise to avoid the increased risk of graft failure.



Stable chronic heart failure 
For treatment of chronic heart failure, the pregnancy status of the patient is important. Women who present with PPCM during pregnancy require joint cardiac and obstetric care.(6, 40) Possible adverse effects on the foetusfetus must be considered when prescribing drugs. As soon as the baby is delivered, and the patient is haemodynamically stable, standard therapy for heart failure is recommended (Table 2).
Post-delivery heart failure should be treated according to guidelines on acute and chronic heart failure with ACE inhibition, beta-blockade and mineralocorticoid receptor antagonist (MRA).(11, 37) Angiotensin receptor–neprilysin inhibitors (ARNI) should be used when indicated according to current heart failure guidelines. As high resting heart rate is a predictor of adverse outcome, treatment with ivabradine might be useful in PPCM patients with high heart rate in sinus rhythm on top of adequate beta blockade.(49, 50) As relapse of PPCM has been observed after tapering of standard heart failure drug therapy, patients should remain on a combined drug regimen for at least 6-12 months after full recovery of LV function.(11) Many clinicians and patients will choose to remain on long- term therapy to avoid the potential decline in cardiac function which is a risk on stopping pharmacological therapy for heart failure. If this decision is made, counselling around contraception, and discussions around the issues of future pregnancies are essential (see below).  Some patients may decide after counselling to stop medical therapy when they experience myocardial recovery. If drugs are tapered stepwise (starting with the MRA first, Table 2) and subsequently stopped careful monitoring of cardiac function (by imaging and biomarkers) is necessary with early prompt re-initiation if there are signs of recurrence. A full discussion between patient, family and clinicians is best where the pros and cons of stopping or continuing therapy on myocardial recovery are carefully discussed and balanced.

During pregnancy, ACE inhibitors, ARBs, ARNI, ivabradine and MRAs are contraindicated because of concerns around fetotoxicity.(11, 39) Hydralazine and nitrates can be used during pregnancy instead of ACE inhibitors/ARBs for afterload reduction. Beta-blocker treatment is indicated for all patients with PPCM whether or not the patient is pregnant or after delivery. These drugs should only be started in patients who are euvolaemic and clinically stable. Evidence-based drugs for HF should be used (i.e. metoprolol, nebivolol, carvedilol or bisoprolol). Diuretics should be used if patients have symptoms or signs of congestion whether or not they are pregnant, despite concerns about placental blood flow patients. Recommendations for drug use during pregnancy and breastfeeding are summarized in Table 7 of the 2018 ESC guidelines for management of cardiovascular diseases in pregnancy.(39)

Coagulation activity is increased during and early after pregnancy.(51) In the context of reduced EF in PPCM, initial treatment with LMWH or oral anticoagulation at least in prophylactic dose is recommended (expert opinion) because of the high rate of peripheral arterial and venous embolism (7% in the first 30 days after delivery, data from the PPCM world-wide registry).(3) Therapeutic anticoagulation is firmly recommended in patients with intracardiac thrombus detected by imaging or evidence of systemic embolism, as well as in patients with PPCM and paroxysmal or persistent atrial fibrillation. 

Delivery 
Vaginal delivery is always preferable if the patient is haemodynamically stable and there are no absolute obstetric indications for Caesarean delivery. Close haemodynamic monitoring is required. Epidural analgesia is preferred. Urgent delivery irrespective of gestation duration should be considered in women with advanced heart failure and haemodynamic instability despite optimal heart failure treatment.(6) Caesarean section is recommended with central neuraxial anaesthesia. To prevent abrupt pressure or volume changes, epidural anaesthesia might be the method of choice but should be carefully titrated, guided by an expert anaesthetic team.(6, 39, 40) If mechanical circulatory support may be necessary the patient should be delivered by appropriate teams in hospitals capable of providing such care.   


Breastfeeding 
Breastfeeding in patients with heart failure is controversial. According to the 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy(39), in patients with severe heart failure preventing lactation may be considered due to the high metabolic demands of lactation and breastfeeding (IIb recommendation). Furthermore, stopping lactation enables safe treatment with all established heart failure drugs. In addition, formula does not appear to be inferior to breastfeeding for babies. Normal growth percentiles and no adverse outcome for infants in a collective of PPCM patients in South Africa were observed where breastfeeding was terminated.(52)	Comment by Mark R Johnson: I would delete this, it is not part of the argument.	Comment by Mark R Johnson: This statement has the same implication but not quite as directly contentious.


Bromocriptine treatment (max 300 words)
Based on the above-mentioned pathophysiological pathway of 16kD-prolactin-mediated PPCM, a small (n=20) prospective randomized pilot study supported the hypothesis that the addition of the prolactin-blocker bromocriptine to standard heart failure therapy has beneficial effects on ventricular ejection fraction and mortality in women with acute severe PPCM.(52) Furthermore, in the German PPCM registry, standard heart failure plus bromocriptine treatment was associated with low mortality.(5) The randomized prospective German bromocriptine study compared short- and longterm bromocriptine treatment in patients with severe PPCM (EF<35%). Both high and low doses were associated with low mortality (there was no placebo arm). There is no consensus as to whether or not bromocriptine should be used in PPCM. Some believe that as acute heart failure due to PPCM can have a poor prognosis in some patients and there are no evidenced based drug treatments, that bromocriptine should be used. Treatment with bromocriptine may especially be considered in patients with right ventricular involvement.(53) A bromocriptine treatment scheme has been suggested: Bromocriptine (2.5 mg once daily) for at least one week may be considered in uncomplicated cases, whereas prolonged treatment (2.5 mg twice daily for two weeks, then 2.5 mg once daily for another six weeks) may be applied in patients with EF <25%, RV involvement, intensive care treatment, and/or cardiogenic shock.(54)

It has to be acknowledged that the use of bromocriptine therapy is still controversial, and international variations in the use of bromocriptine are large. In the USA bromocriptine is rarely used(4) whereas in Germany and non-EU countries in the world-wide PPCM registry use is common.(3) 
There are no large, randomised, placebo-controlled trials of bromocriptine in PPCM.  A small (n=60) bromocriptine versus placebo trial is underway in Canada. Large, international placebo-controlled trials would be necessary to establish firm proof of clinical benefit, however, a truly placebo-controlled trial will not be possible as the placebo arm would continue lactation and therefore blinding would not be achievable. In addition, due to the nature of a heterogeneous presentation and a significant spontaneous recovery a sample size of at least 400 patients would be necessary to demonstrate significant benefit.

Bromocriptine treatment has been assigned a class IIb recommendation for PPCM in the 2018 ESC guidelines for cardiovascular disease during pregnancy.(39) 
As thromboembolic events have been reported during the use of bromocriptine (albeit mostly at higher dosages), bromocriptine treatment should always be accompanied by anticoagulation at least in prophylactic dosages. Therapies for patients with acute PPCM have been proposed under the BOARD label: Bromocriptine, Oral heart failure therapies, Anticoagulants, vasoRelaxing agents, and Diuretics.(55) In addition to the pathophysiological role of prolactin, preventing lactation by bromocriptine may be useful, due to high metabolic demands of lactation and breastfeeding (see above). 

If bromocriptine is not available, cabergoline may be used an alternative to bromocriptine, however apart from two reports(10, 56) data is are lacking regarding LV recovery in PPCM.


Prevention of sudden cardiac death, Device therapy 
Given the high rate of improvement of LV function during optimal heart failure drug therapy, early implantation of an ICD in patients with newly diagnosed PPCM is not appropriate. 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 can be made.(6, 29, 57, 58) In a German registry of patients with severe PPCM, several appropriate shocks were delivered for ventricular fibrillation within the first months after diagnosis.(29, 57) No randomised trials of WCDs in PPCM have yet been started. A recent trial of patients following myocardial infarction was neutral.  
For women presenting with severe LV dysfunction >6 months following first presentation despite optimal medical therapy, implantation of an ICD as well as cardiac resynchronization (CRT) therapy are recommended according to current guidelines.(37) Although in non-ischemic cardiomyopathy the necessity of ICD has been questioned(59), young patients with severe LV dysfunction despite optimal medical therapy may still derive benefit from ICD implantation.(60) Subcutaneous ICDs (S-ICD) represent an alternative to transvenous systems, although they neither provide anti-tachycardia pacing (ATP) nor post-shock pacing, but can be more easily extracted if cardiac function recovers.




Prognosis, counselling, subsequent pregnancies  
The HFA of the ESC Study Group on PPCM published in 2018 a practical guidance paper on the long-term prognosis, subsequent pregnancy, contraception and overall management of patients diagnosed with PPCM.(48) 
The current evidence for long-term outcome is based mostly on retrospective data or on single-centre prospective studies or small registries covering only 6-12 months post-partum with a wide variation in reported mortality rates, ranging from 2% in Germany(5) to 12.6% in a large cohort of 206 patients with PPCM from South Africa.(50) In a large cohort of well-phenotyped patients from the US, African American women were diagnosed with PPCM at a younger age (27.6 vs 31.7 years, P < .001), were diagnosed with PPCM later in the postpartum period, and were more likely to present with a LVEF less than 30% compared with non–African American women (56.5% vs 39.5%, P =0 .03).(9) There were also significant differences in outcome as African American women were also more likely to worsen after initial diagnosis, had a lower chance to recover (43.0% vs 24.2%, P = .004) despite apparent adequate treatment. Much more research is needed to understand to what extent these differences are based on genetic versus socioeconomic differences such as education and access to health care.(26) However, it is highly recommended that all patients, irrespective of ethnic background with a previously diagnosed PPCM and their partners should receive careful counselling about the longer-term prognosis and undergo a risk stratification if further pregnancies are considered. (see Figure 1 in Ref. (48)).  Based on a recent publication reporting on the outcome of women with PPCM and a subsequent pregnancy from in cohorts from Germany, Scotland and South Africa(54, 61), women with an impaired systolic function are at substantial risk for aof relapse and death and should therefore be advised against pregnancy. As any subsequent pregnancy in a woman with PPCM entails a substantial risk those women should be monitored by an experienced multi-disciplinary team throughout the pregnancy and for at least 1 year postpartum. 
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Figure legends

Figure 1. Pathomechanisms of PPCM (provided by Denise Hilfiker-Kleiner).

Figure 2. Diagnostic pathway in patients with suspected PPCM. BNP = B-type natriuretic peptide; ECG = electrocardiography; HF = heart failure; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal pro-B type natriuretic peptide; PPCM = peripartum cardiomyopathy; RV = right ventricular.

Figure 3. Overview of different clinical scenarios in patients with PPCM. Typical results from diagnostic tests and recommended monitoring/treatment options are depicted according to the disease severity. ECG = electrocardiography; ECMO = extracorporeal membrane oxygenation; HF = heart failure; ICU = intensive care unit; IMC = intermediate care unit; LVEF = left ventricular ejection fraction; PPCM = peripartum cardiomyopathy; RV = right ventricular.

Figure 4. BOARD scheme for the therapy of patients with acute PPCM. If bromocriptine treatment is considered, different regimens are recommended according to the disease severity. ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; b.i.d. = twice daily; HF = heart failure; ICU = intensive care unit; LVEF = left ventricular ejection fraction; MCS = mechanical circulatory support; MRA = mineralocorticoid receptor antagonist; o.d. = once daily; RV = right ventricular; SBP = systolic blood pressure.













Table legends

Table 1. Differential diagnosis of PPCM. AIDS = acquired immunodeficiency syndrome; CRP = C-reactive protein; DCM = dilated cardiomyopathy; ECG = electrocardiography; HCM = hypertrophic cardiomyopathy; HOCM = hypertrophic obstructive cardiomyopathy; HF = heart failure; HIV = human immunodeficiency virus; LE = late enhancement; LV = left ventricular; LVEF = left ventricular ejection fraction; MRI = magnetic resonance imaging; PPCM = peripartum cardiomyopathy; RV = right ventricular; VQ = ventilation-perfusion.

Table 2. Chronic drug treatment in PPCM patients. ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor neprilysin inhibitor; MRA = mineralocorticoid receptor antagonist; NYHA = New York Heart Association; LV = left ventricular; LVEF = left ventricular ejection fraction.









References

1.	Sliwa K, Anthony J. Late maternal deaths: a neglected responsibility. Lancet. 2016;387(10033):2072-3.
2.	Sliwa K, Hilfiker-Kleiner D, Mebazaa A, Petrie MC, Maggioni AP, Regitz-Zagrosek V, Schaufelberger M, Tavazzi L, van Veldhuisen DJ, Roos-Hesslink JW, Shah AJ, Seferovic PM, Elkayam U, van Spaendonck-Zwarts K, Bachelier-Walenta K, Mouquet F, Kraigher-Krainer E, Hall R, Ponikowski P, McMurray JJ, Pieske B. EURObservational Research Programme: a worldwide registry on peripartum cardiomyopathy (PPCM) in conjunction with the Heart Failure Association of the European Society of Cardiology Working Group on PPCM. Eur J Heart Fail. 2014;16(5):583-91.
3.	Sliwa K, Mebazaa A, Hilfiker-Kleiner D, Petrie MC, Maggioni AP, Laroche C, Regitz-Zagrosek V, Schaufelberger M, Tavazzi L, van der Meer P, Roos-Hesselink JW, Seferovic P, van Spandonck-Zwarts K, Mbakwem A, Bohm M, Mouquet F, Pieske B, Hall R, Ponikowski P, Bauersachs J. Clinical characteristics of patients from the worldwide registry on peripartum cardiomyopathy (PPCM): EURObservational Research Programme in conjunction with the Heart Failure Association of the European Society of Cardiology Study Group on PPCM. Eur J Heart Fail. 2017;19(9):1131-41.
4.	McNamara DM, Elkayam U, Alharethi R, Damp J, Hsich E, Ewald G, Modi K, Alexis JD, Ramani GV, Semigran MJ, Haythe J, Markham DW, Marek J, Gorcsan J, 3rd, Wu WC, Lin Y, Halder I, Pisarcik J, Cooper LT, Fett JD. Clinical Outcomes for Peripartum Cardiomyopathy in North America: Results of the IPAC Study (Investigations of Pregnancy-Associated Cardiomyopathy). J Am Coll Cardiol. 2015;66(8):905-14.
5.	Haghikia A, Podewski E, Libhaber E, Labidi S, Fischer D, Roentgen P, Tsikas D, Jordan J, Lichtinghagen R, von Kaisenberg CS, Struman I, Bovy N, Sliwa K, Bauersachs J, Hilfiker-Kleiner D. Phenotyping and outcome on contemporary management in a German cohort of patients with peripartum cardiomyopathy. Basic Res Cardiol. 2013;108(4):366-013-0366-9. Epub 2013 Jun 28.
6.	Bauersachs J, Arrigo M, Hilfiker-Kleiner D, Veltmann C, Coats AJ, Crespo-Leiro MG, De Boer RA, van der Meer P, Maack C, Mouquet F, Petrie MC, Piepoli MF, Regitz-Zagrosek V, Schaufelberger M, Seferovic P, Tavazzi L, Ruschitzka F, Mebazaa A, Sliwa K. Current management of patients with severe acute peripartum cardiomyopathy: practical guidance from the Heart Failure Association of the European Society of Cardiology Study Group on peripartum cardiomyopathy. Eur J Heart Fail. 2016;18(9):1096-105.
7.	Sliwa K, Hilfiker-Kleiner D, Petrie MC, Mebazaa A, Pieske B, Buchmann E, Regitz-Zagrosek V, Schaufelberger M, Tavazzi L, van Veldhuisen DJ, Watkins H, Shah AJ, Seferovic PM, Elkayam U, Pankuweit S, Papp Z, Mouquet F, McMurray JJ. Current state of knowledge on aetiology, diagnosis, management, and therapy of peripartum cardiomyopathy: a position statement from the Heart Failure Association of the European Society of Cardiology Working Group on peripartum cardiomyopathy. Eur J Heart Fail. 2010;12(8):767-78.
8.	Kolte D, Khera S, Aronow WS, Palaniswamy C, Mujib M, Ahn C, Jain D, Gass A, Ahmed A, Panza JA, Fonarow GC. Temporal trends in incidence and outcomes of peripartum cardiomyopathy in the United States: a nationwide population-based study. J Am Heart Assoc. 2014;3(3):e001056.
9.	Irizarry OC, Levine LD, Lewey J, Boyer T, Riis V, Elovitz MA, Arany Z. Comparison of Clinical Characteristics and Outcomes of Peripartum Cardiomyopathy Between African American and Non-African American Women. JAMA Cardiol. 2017;2(11):1256-60.
10.	Ersboll AS, Johansen M, Damm P, Rasmussen S, Vejlstrup NG, Gustafsson F. Peripartum cardiomyopathy in Denmark: a retrospective, population-based study of incidence, management and outcome. Eur J Heart Fail. 2017.
11.	Hilfiker-Kleiner D, Haghikia A, Nonhoff J, Bauersachs J. Peripartum cardiomyopathy: current management and future perspectives. Eur Heart J. 2015;36(18):1090-7.
12.	Kamiya CA, Kitakaze M, Ishibashi-Ueda H, Nakatani S, Murohara T, Tomoike H, Ikeda T. Different characteristics of peripartum cardiomyopathy between patients complicated with and without hypertensive disorders. -Results from the Japanese Nationwide survey of peripartum cardiomyopathy. Circ J. 2011;75(8):1975-81.
13.	Lee S, Cho GJ, Park GU, Kim LY, Lee TS, Kim DY, Choi SW, Youn JC, Han SW, Ryu KH, Na JO, Choi CU, Seo HS, Kim EJ. Incidence, Risk Factors, and Clinical Characteristics of Peripartum Cardiomyopathy in South Korea. Circ Heart Fail. 2018;11(4):e004134.
14.	Bauersachs J, Koenig T. Devil in Disguise: Hints and Pitfalls in Diagnosis of Peripartum Cardiomyopathy. Circ Heart Fail. 2018;11(4):e004620.
15.	Hilfiker-Kleiner D, Sliwa K. Pathophysiology and epidemiology of peripartum cardiomyopathy. Nat Rev Cardiol. 2014;11(6):364-70.
16.	Sliwa K, Forster O, Libhaber E, Fett JD, Sundstrom JB, Hilfiker-Kleiner D, Ansari AA. Peripartum cardiomyopathy: inflammatory markers as predictors of outcome in 100 prospectively studied patients. Eur Heart J. 2006;27(4):441-6.
17.	Halkein J, Tabruyn SP, Ricke-Hoch M, Haghikia A, Nguyen NQ, Scherr M, Castermans K, Malvaux L, Lambert V, Thiry M, Sliwa K, Noel A, Martial JA, Hilfiker-Kleiner D, Struman I. MicroRNA-146a is a therapeutic target and biomarker for peripartum cardiomyopathy. J Clin Invest. 2013;123(5):2143-54.
18.	Patten IS, Rana S, Shahul S, Rowe GC, Jang C, Liu L, Hacker MR, Rhee JS, Mitchell J, Mahmood F, Hess P, Farrell C, Koulisis N, Khankin EV, Burke SD, Tudorache I, Bauersachs J, del Monte F, Hilfiker-Kleiner D, Karumanchi SA, Arany Z. Cardiac angiogenic imbalance leads to peripartum cardiomyopathy. Nature. 2012;485(7398):333-8.
19.	Haghikia A, Kaya Z, Schwab J, Westenfeld R, Ehlermann P, Bachelier K, Oettl R, von Kaisenberg CS, Katus HA, Bauersachs J, Hilfiker-Kleiner D. Evidence of autoantibodies against cardiac troponin I and sarcomeric myosin in peripartum cardiomyopathy. Basic Res Cardiol. 2015;110(6):60.
20.	Hilfiker-Kleiner D, Kaminski K, Podewski E, Bonda T, Schaefer A, Sliwa K, Forster O, Quint A, Landmesser U, Doerries C, Luchtefeld M, Poli V, Schneider MD, Balligand JL, Desjardins F, Ansari A, Struman I, Nguyen NQ, Zschemisch NH, Klein G, Heusch G, Schulz R, Hilfiker A, Drexler H. A cathepsin D-cleaved 16 kDa form of prolactin mediates postpartum cardiomyopathy. Cell. 2007;128(3):589-600.
21.	Walenta K, Schwarz V, Schirmer SH, Kindermann I, Friedrich EB, Solomayer EF, Sliwa K, Labidi S, Hilfiker-Kleiner D, Bohm M. Circulating microparticles as indicators of peripartum cardiomyopathy. Eur Heart J. 2012;33(12):1469-79.
22.	Morales A, Painter T, Li R, Siegfried JD, Li D, Norton N, Hershberger RE. Rare variant mutations in pregnancy-associated or peripartum cardiomyopathy. Circulation. 2010;121(20):2176-82.
23.	van Spaendonck-Zwarts KY, van Tintelen JP, van Veldhuisen DJ, van der Werf R, Jongbloed JD, Paulus WJ, Dooijes D, van den Berg MP. Peripartum cardiomyopathy as a part of familial dilated cardiomyopathy. Circulation. 2010;121(20):2169-75.
24.	van Spaendonck-Zwarts KY, van Rijsingen IA, van den Berg MP, Lekanne Deprez RH, Post JG, van Mil AM, Asselbergs FW, Christiaans I, van Langen IM, Wilde AA, de Boer RA, Jongbloed JD, Pinto YM, van Tintelen JP. Genetic analysis in 418 index patients with idiopathic dilated cardiomyopathy: overview of 10 years' experience. Eur J Heart Fail. 2013;15(6):628-36.
25.	Ware JS, Li J, Mazaika E, Yasso CM, DeSouza T, Cappola TP, Tsai EJ, Hilfiker-Kleiner D, Kamiya CA, Mazzarotto F, Cook SA, Halder I, Prasad SK, Pisarcik J, Hanley-Yanez K, Alharethi R, Damp J, Hsich E, Elkayam U, Sheppard R, Kealey A, Alexis J, Ramani G, Safirstein J, Boehmer J, Pauly DF, Wittstein IS, Thohan V, Zucker MJ, Liu P, Gorcsan J, 3rd, McNamara DM, Seidman CE, Seidman JG, Arany Z. Shared Genetic Predisposition in Peripartum and Dilated Cardiomyopathies. N Engl J Med. 2016;374(3):233-41.
26.	Bauersachs J. Poor Outcomes in Poor Patients? Peripartum Cardiomyopathy-Not Just Black and White. JAMA Cardiol. 2017;2(11):1261-2.
27.	Ntusi NB, Badri M, Gumedze F, Sliwa K, Mayosi BM. Pregnancy-Associated Heart Failure: A Comparison of Clinical Presentation and Outcome between Hypertensive Heart Failure of Pregnancy and Idiopathic Peripartum Cardiomyopathy. PLoS One. 2015;10(8):e0133466.
28.	Sliwa K, Fett J, Elkayam U. Peripartum cardiomyopathy. Lancet. 2006;368(9536):687-93.
29.	Duncker D, Haghikia A, Koenig T, Hohmann S, Gutleben KJ, Westenfeld R, Oswald H, Klein H, Bauersachs J, Hilfiker-Kleiner D, Veltmann C. Risk for ventricular fibrillation in peripartum cardiomyopathy with severely reduced left ventricular function-value of the wearable cardioverter/defibrillator. Eur J Heart Fail. 2014;16(12):1331-6.
30.	Tibazarwa K, Lee G, Mayosi B, Carrington M, Stewart S, Sliwa K. The 12-lead ECG in peripartum cardiomyopathy. Cardiovasc J Afr. 2012;23(6):322-9.
31.	Kao DP, Hsich E, Lindenfeld J. Characteristics, adverse events, and racial differences among delivering mothers with peripartum cardiomyopathy. JACC Heart Fail. 2013;1(5):409-16.
32.	Kampman MA, Balci A, van Veldhuisen DJ, van Dijk AP, Roos-Hesselink JW, Sollie-Szarynska KM, Ludwig-Ruitenberg M, van Melle JP, Mulder BJ, Pieper PG, investigators ZI. N-terminal pro-B-type natriuretic peptide predicts cardiovascular complications in pregnant women with congenital heart disease. Eur Heart J. 2014;35(11):708-15.
33.	Biteker M, Ozlek B, Ozlek E, Cil C, Celik O, Dogan V, Basaran O. Predictors of early and delayed recovery in peripartum cardiomyopathy: A prospective study of 52 patients. J Matern Fetal Neonatal Med. 2018:1-11.
34.	Forster O, Hilfiker-Kleiner D, Ansari AA, Sundstrom JB, Libhaber E, Tshani W, Becker A, Yip A, Klein G, Sliwa K. Reversal of IFN-gamma, oxLDL and prolactin serum levels correlate with clinical improvement in patients with peripartum cardiomyopathy. Eur J Heart Fail. 2008;10(9):861-8.
35.	Mebazaa A, Seronde MF, Gayat E, Tibazarwa K, Anumba DOC, Akrout N, Sadoune M, Sarb J, Arrigo M, Motiejunaite J, Laribi S, Legrand M, Deschamps L, Fazal L, Bouadma L, Collet C, Manivet P, Solal AC, Launay JM, Samuel JL, Sliwa K. Imbalanced Angiogenesis in Peripartum Cardiomyopathy- Diagnostic Value of Placenta Growth Factor. Circ J. 2017;81(11):1654-61.
36.	Fett JD. Peripartum cardiomyopathy may also present as "fulminant right ventricular myocarditis". Am J Emerg Med. 2010;28(9):1056; author reply -7.
37.	Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. 2016;37(27):2129-200.
38.	Mebazaa A, Yilmaz MB, Levy P, Ponikowski P, Peacock WF, Laribi S, Ristic AD, Lambrinou E, Masip J, Riley JP, McDonagh T, Mueller C, deFilippi C, Harjola VP, Thiele H, Piepoli MF, Metra M, Maggioni A, McMurray J, Dickstein K, Damman K, Seferovic PM, Ruschitzka F, Leite-Moreira AF, Bellou A, Anker SD, Filippatos G. Recommendations on pre-hospital & early hospital management of acute heart failure: a consensus paper from the Heart Failure Association of the European Society of Cardiology, the European Society of Emergency Medicine and the Society of Academic Emergency Medicine. Eur J Heart Fail. 2015;17(6):544-58.
39.	Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomstrom-Lundqvist C, Cifkova R, De Bonis M, Iung B, Johnson MR, Kintscher U, Kranke P, Lang IM, Morais J, Pieper PG, Presbitero P, Price S, Rosano GMC, Seeland U, Simoncini T, Swan L, Warnes CA. 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy. Eur Heart J. 2018.
40.	Hilfiker-Kleiner D, Westhoff-Bleck M, Gunter HH, von Kaisenberg CS, Bohnhorst B, Hoeltje M, Kuehn C. A management algorithm for acute heart failure in pregnancy. The Hannover experience. Eur Heart J. 2015;36(13):769-70.
41.	Stapel B, Kohlhaas M, Ricke-Hoch M, Haghikia A, Erschow S, Knuuti J, Silvola JM, Roivainen A, Saraste A, Nickel AG, Saar JA, Sieve I, Pietzsch S, Muller M, Bogeski I, Kappl R, Jauhiainen M, Thackeray JT, Scherr M, Bengel FM, Hagl C, Tudorache I, Bauersachs J, Maack C, Hilfiker-Kleiner D. Low STAT3 expression sensitizes to toxic effects of beta-adrenergic receptor stimulation in peripartum cardiomyopathy. Eur Heart J. 2017;38(5):349-61.
42.	Labbene I, Arrigo M, Tavares M, Hajjej Z, Brandao JL, Tolppanen H, Feliot E, Gayat E, Ferjani M, Mebazaa A. Decongestive effects of levosimendan in cardiogenic shock induced by postpartum cardiomyopathy. Anaesth Crit Care Pain Med. 2017;36(1):39-42.
43.	Sieweke JT, Pfeffer TJ, Berliner D, Koenig T, Hallbaum M, Napp LC, Tongers J, Kuehn C, Schmitto JD, Hilfiker-Kleiner D, Schafer A, Bauersachs J. Cardiogenic shock complicating peripartum cardiomyopathy: Importance of early left ventricular unloading and bromocriptine therapy. Eur Heart J Acute Cardiovasc Care. 2018:2048872618777876.
44.	Wiedemann D, Schloglhofer T, Riebandt J, Neuner M, Tschernko E, Schima H, Zimpfer D. Myocardial Recovery in Peripartum Cardiomyopathy After Hyperprolactinemia Treatment on BIVAD. ASAIO J. 2017;63(1):109-11.
45.	Dandel M, Hetzer R. Myocardial recovery during mechanical circulatory support: long-term outcome and elective ventricular assist device implantation to promote recovery as a treatment goal. Heart Lung Vessel. 2015;7(4):289-96.
46.	Peters A, Caroline M, Zhao H, Baldwin MR, Forfia PR, Tsai EJ. Initial Right Ventricular Dysfunction Severity Identifies Severe Peripartum Cardiomyopathy Phenotype With Worse Early and Overall Outcomes: A 24-Year Cohort Study. J Am Heart Assoc. 2018;7(9).
47.	Rasmusson K, Brunisholz K, Budge D, Horne BD, Alharethi R, Folsom J, Connolly JJ, Stehlik J, Kfoury A. Peripartum cardiomyopathy: post-transplant outcomes from the United Network for Organ Sharing Database. J Heart Lung Transplant. 2012;31(2):180-6.
48.	Sliwa K, Petrie MC, Hilfiker-Kleiner D, Mebazaa A, Jackson A, Johnson MR, van der Meer P, Mbakwem A, Bauersachs J. Long-term prognosis, subsequent pregnancy, contraception and overall management of peripartum cardiomyopathy: practical guidance paper from the Heart Failure Association of the European Society of Cardiology Study Group on Peripartum Cardiomyopathy. Eur J Heart Fail. 2018.
49.	Haghikia A, Tongers J, Berliner D, Koenig T, Schaefer A, Brehm M, Bohm M, Hilfiker-Kleiner D, Bauersachs J. Early ivabradine treatment in patients with acute peripartum cardiomyopathy: Subanalysis of the German PPCM registry. Int J Cardiol. 2016;216:165-7.
50.	Libhaber E, Sliwa K, Bachelier K, Lamont K, Bohm M. Low systolic blood pressure and high resting heart rate as predictors of outcome in patients with peripartum cardiomyopathy. Int J Cardiol. 2015;190:376-82.
51.	Brenner B. Haemostatic changes in pregnancy. Thromb Res. 2004;114(5-6):409-14.
52.	Sliwa K, Blauwet L, Tibazarwa K, Libhaber E, Smedema JP, Becker A, McMurray J, Yamac H, Labidi S, Struman I, Hilfiker-Kleiner D. Evaluation of bromocriptine in the treatment of acute severe peripartum cardiomyopathy: a proof-of-concept pilot study. Circulation. 2010;121(13):1465-73.
53.	Haghikia A, Schwab J, Vogel-Claussen J, Berliner D, Pfeffer T, Koenig T, Zwadlo C, Moulig VA, Franke A, Schwarzkopf M, Ehlermann P, Pfister R, Michels G, Westenfeld R, Stangl V, Kuhl U, Podewski E, Kindermann I, Bohm M, Sliwa K, Hilfiker-Kleiner D, Bauersachs J. Bromocriptine treatment in patients with peripartum cardiomyopathy and right ventricular dysfunction. Clin Res Cardiol. 2018.
54.	Koenig T, Bauersachs J, Hilfiker-Kleiner D. Bromocriptine for the Treatment of Peripartum Cardiomyopathy. Card Fail Rev. 2018;4(1):46-9.
55.	Arrigo M, Blet A, Mebazaa A. Bromocriptine for the treatment of peripartum cardiomyopathy: welcome on BOARD. Eur Heart J. 2017;38(35):2680-2.
56.	de Jong JS, Rietveld K, van Lochem LT, Bouma BJ. Rapid left ventricular recovery after cabergoline treatment in a patient with peripartum cardiomyopathy. Eur J Heart Fail. 2009;11(2):220-2.
57.	Duncker D, Westenfeld R, Konrad T, Pfeffer T, Correia de Freitas CA, Pfister R, Thomas D, Furnkranz A, Andrie RP, Napp A, Schmitt J, Karolyi L, Wakili R, Hilfiker-Kleiner D, Bauersachs J, Veltmann C. Risk for life-threatening arrhythmia in newly diagnosed peripartum cardiomyopathy with low ejection fraction: a German multi-centre analysis. Clin Res Cardiol. 2017;106(8):582-9.
58.	Duncker D, Koenig T, Hohmann S, Bauersachs J, Veltmann C. Avoiding Untimely Implantable Cardioverter/Defibrillator Implantation by Intensified Heart Failure Therapy Optimization Supported by the Wearable Cardioverter/Defibrillator-The PROLONG Study. J Am Heart Assoc. 2017;6(1).
59.	Kober L, Thune JJ, Nielsen JC, Haarbo J, Videbaek L, Korup E, Jensen G, Hildebrandt P, Steffensen FH, Bruun NE, Eiskjaer H, Brandes A, Thogersen AM, Gustafsson F, Egstrup K, Videbaek R, Hassager C, Svendsen JH, Hofsten DE, Torp-Pedersen C, Pehrson S. Defibrillator Implantation in Patients with Nonischemic Systolic Heart Failure. N Engl J Med. 2016;375(13):1221-30.
60.	Elming MB, Nielsen JC, Haarbo J, Videbaek L, Korup E, Signorovitch J, Olesen LL, Hildebrandt P, Steffensen FH, Bruun NE, Eiskjaer H, Brandes A, Thogersen AM, Gustafsson F, Egstrup K, Videbaek R, Hassager C, Svendsen JH, Hofsten DE, Torp-Pedersen C, Pehrson S, Kober L, Thune JJ. Age and Outcomes of Primary Prevention Implantable Cardioverter-Defibrillators in Patients With Nonischemic Systolic Heart Failure. Circulation. 2017;136(19):1772-80.
61.	Hilfiker-Kleiner D, Haghikia A, Masuko D, Nonhoff J, Held D, Libhaber E, Petrie MC, Walker NL, Podewski E, Berliner D, Bauersachs J, Sliwa K. Outcome of subsequent pregnancies in patients with a history of peripartum cardiomyopathy. Eur J Heart Fail. 2017;19(12):1723-8.

24

