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Importance: Peripartum cardiomyopathy is a rare form of heart failure due to left ventricular systolic dysfunc-
tion that affects women late in pregnancy and the postpartum period. A diagnosis of exclusion, peripartum car-
diomyopathy can be difficult to diagnose in the context of the normal physiologic changes of pregnancy and
requires a high index of suspicion.

Evidence Acquisition: Original research articles, review articles, and guidelines on peripartum cardiomyopa-
thy were reviewed.

Results: The etiology of peripartum cardiomyopathy remains poorly defined, but theories include genetic pre-
disposition, as well as myocardial inflammation and angiogenic dysregulation. Risk factors for this condition in-
clude hypertensive disorders of pregnancy, Black race, and maternal age older than 30 years. Patients with
peripartum cardiomyopathy are at increased risk of acute clinical decompensation, cardiac arrhythmias, throm-
boembolic complications, and death. Primary treatment modalities include initiation of a medication regimen
aimed at the optimization of preload and reduction of afterload.Maternal clinical status is the primary determinant
for timing of delivery.

Conclusions and Relevance: Prompt diagnosis and medical management by an interdisciplinary care team
are vital for improving outcomes in patients with peripartum cardiomyopathy.

Target Audience: Obstetricians and gynecologists, family physicians
Learning Objectives: After participating in this activity, the provider should be better able to describe the in-

cidence, proposed etiologies, and risk factors for peripartum cardiomyopathy; outline diagnostic tools and
evidence-based clinical management of peripartum cardiomyopathy; and identify the disparities in outcomes
and existing knowledge gaps.
The 2018 European Society of Cardiology Guide-
lines for the management of cardiovascular diseases
during pregnancy defined peripartum cardiomyopathy
(PPCM) as an idiopathic cardiomyopathy that presents
as symptomatic left ventricular systolic dysfunction to-
ward the end of pregnancy or in the months following
delivery.1 Confirmation of reduced left ventricular ejec-
tion fraction (LVEF), most commonly by transthoracic
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echocardiogram, is required to diagnose PPCM.2 It is
important for obstetricians to be aware of this life-
threatening cause of pregnancy-associated morbidity
and mortality. In this review, we provide an overview
of the incidence of PPCM, risk factors, clinical manage-
ment, prognostic factors, and outcomes.
EPIDEMIOLOGY

Peripartum cardiomyopathy has been reported world-
wide, but its true incidence is difficult to determine. This is
in part due to variations in reporting patterns. The majority
of epidemiologic data originate from the United States,
South Africa, Haiti, and Nigeria. Based on this cumulative
data, PPCM affects an estimated 1 in 1000 pregnancies
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worldwide.3 In Nigeria and Haiti, the estimated incidence
is 1 in 100 and 1 in 300 live births, respectively.4

Cardiovascular disease remains a leading cause of
maternal mortality in the United States and accounts for
25% to 30% of maternal deaths.5 Recent studies suggest
that as rates of cardiovascular risk factors in pregnancy
(eg, diabetes, hypertension, obesity, preeclampsia, and
multifetal gestations) increase, so has the incidence of
PPCM in the United States.4

Using the National Hospital Discharge Survey data-
base, Mielniczuk et al6 estimated an average incidence
in the United States of 1 in 3189 live births between
1990 and 2002. Brar et al7 performed a chart review
of 241,497 deliveries in the California Kaiser healthcare
system between 1996 and 2005 and reported an inci-
dence of PPCM of 1 in 4025 live births. The current es-
timated incidence in the United States is as high as 1 in
900 live births.8
RISK FACTORS

As the number of studies on PPCM increases, the risk
factors for this rare condition have become better eluci-
dated. Studies have shown that Black race is a prominent
risk factor. Krishnamoorthy et al9 analyzed the Nation-
wide Inpatient Sample database and identified 4871 cases
of PPCM diagnosed from 2009 to 2010. They found that
Black women in the United States were 4 times more
likely to be diagnosed with PPCM than their White coun-
terparts and that Black women accounted for nearly half
of the reported cases in the United States in that time
frame. Some researchers have speculated that this might
explain why there is a higher reported incidence in
the Haiti and parts of Africa. Interestingly, Hispanic
women have the lowest risk of diagnosis in the United
States.10–12 Maternal age older than 30 years is an inde-
pendent risk factor for PPCM. A 2014 study by Kolte
et al13 reviewed 34,219 cases of PPCM in women aged
15 to 54 years who were diagnosed between 2004 and
2011. This study found that the incidence of PPCM in-
creased with age and was highest among women 40 to
54 years old (36.7 [95% confidence interval, 35.4–37.9]
per 10,000 births).13

Chronic hypertension and hypertensive disorders of
pregnancy, such as gestational hypertension and pre-
eclampsia, have also been identified as independent risk
factors. In a meta-analysis and systematic review of 22
international studies, Bello et al14 found a 22% preva-
lence of preeclampsia in womenwith PPCM (95% con-
fidence interval, 16%–28%; 979 women). It is important
to note that because maternal cardiac dysfunction can oc-
cur in the setting of preeclampsia, a diagnosis of pre-
eclampsia usually leads to exclusion of PPCM. However,
Copyright © 2021 Wolters Kluwer 
some researchers have argued that a diagnosis of pre-
eclampsia should not lower suspicion for PPCM.4,15,16

Additional risk factors for PPCM (Fig. 1) include
obesity, multiparity, multifetal gestation, severe anemia,
thyrotoxicosis and toxic nodular goiter, and prolonged
use of tocolytic β-agonists.17–20
PATHOGENESIS OF PPCM

The etiology of PPCM remains poorly defined. An
early hypothesis was that PPCM was the consequence
ofmaladaptation to the profound, well-described hemody-
namic effects of pregnancy on thematernal cardiovascular
system. However, for patients with preexisting structural
heart disease (eg, valvular stenosis and congenital heart
disease), the consequences of these effects leading to heart
failure typically present during the second trimester when
the maximum hemodynamic changes occur. Peripartum
cardiomyopathy by definition manifests later in preg-
nancy. Therefore, maladaptation to hemodynamic stress
is unlikely to be the primary cause of PPCM.
Another proposedmechanism is that PPCM is second-

ary to viral myocarditis. A number of viral pathogens
have been implicated in this theory: echovirus, Coxsackie,
parvovirus B19, human herpesvirus 6, Epstein-Barr virus,
and human cytomegalovirus. An infectious state might
explain why some studies have found higher levels of in-
flammatory markers (eg, tumor necrosis factor α, inter-
leukin 6, interferon γ, and C-reactive protein) in patients
with PPCM.21 However, there is variable evidence on
the prevalence of myocarditis, and early studies found
rates of endomyocardial biopsy-provenmyocarditis in pa-
tients with PPCM ranging from 9.1% to 77%.22–25

In 2007, after studying a STAT-3 knockout mouse
model, Hilfiker-Kleiner et al26 proposed that prolactin
metabolism might be responsible for PPCM. STAT-3,
or signal transduction and activator of transcription 3,
is thought to protect against myocardial inflammation
and fibrosis by upregulating superoxide dismutase and
by promoting antiapoptotic signaling. Mouse models
showed that the absence of STAT-3—complete knock-
out mice—leads to increased proteolytic activity of a
proinflammatory, proapoptotic, and antiangiogenic subform
of prolactin called 16-kDa prolactin.26 This study also
demonstrated that the use of bromocriptine prevented
postpartum cardiomyopathy in the complete knockout
mice. Later human studies found lower levels of STAT-3
protein and elevated levels of 16-kDa prolactin in women
with PPCM.27 Together, these data suggested that prolactin
antagonists might play a role in the clinical management of
PPCM patients.
A 2012 study by Patten et al28 investigated the role of

angiogenic dysregulation in the pathogenesis of PPCM.
Health, Inc. All rights reserved.



FIG. 1. Risk factors for PPCM. cHTN, chronic hypertension.

487Peripartum Cardiomyopathy • CME Review Article
Usingmousemodels, they demonstrated that lack of an-
giogenic regulators, specifically peroxisome proliferator-
activated receptor gamma coactivator 1-alpha, leads to
the development of PPCM in knockout mice. They also
found that high levels of placental vascular endothelial
growth factor inhibitors, specifically soluble Flt1(sFlt1),
in late pregnancy promote an antiangiogenic environ-
ment that leads to cardiac dysfunction. Patten et al28 con-
cluded that these findings support the role of angiogenic
dysregulation in PPCM and that conditions such as pre-
eclampsia might accentuate this.
Other researchers have described familial clusters of

PPCM. It is argued that, when coupled with high inci-
dence in Black patients, these clusters might indicate a
genetic susceptibility to PPCM.29–32Ware et al33 assessed
the role of genetic mutations in PPCM in 172 women
with PPCM. They sequenced 43 genes that have been as-
sociated with dilated cardiomyopathy (DCM) including
TTNC1 and TTN, genes that encode for the sarcomere
protein titin and cardiac myoprotein troponin C. They
compared prevalence of these genetic variants in PPCM
patients with prevalence in population controls and in
persons with DCM. When compared with population
controls, patients with PPCM had a higher proportion of
truncating variants of TTN (15% vs 4.7%) but a similar
prevalence when compared with DCM patients (15%
vs 17%). Because both patients with PPCM and DCM
had similar mutations, Ware and colleagues33 proposed
that truncating variants of TTN might genetically
Copyright © 2021 Wolters Kluwer 
predispose some women to PPCM. They also hypothe-
sized that a higher prevalence of these variants in Black
women might explain their predisposition. However,
additional studies are needed to investigate this hypoth-
esis and to elucidate the role these variants might play
in the pathogenesis of PPCM.
Ultimately, PPCM is most likely multifactorial in or-

igin, and it is possible that a number of these proposed
mechanisms play a role in final disease presentation.34
CLINICAL PRESENTATION

As some of the signs and symptoms of PPCM such as
dyspnea and edema can be attributed to normal preg-
nancy, diagnosis of PPCM requires a high index of sus-
picion. In the majority of cases, patients present late in
pregnancy or within months of delivery with symptoms
typical of congestive heart failure. These symptoms in-
clude dyspnea on exertion, orthopnea, paroxysmal noc-
turnal dyspnea, tachycardia, and, less commonly, chest
pain and chronic cough.4 Patients with severe left ven-
tricular dysfunction may also have symptomatic ventric-
ular tachyarrhythmias and arterial thromboembolism,
which have been found to affect up to 18.7% and 6.6%
of PPCM cases in the United States, respectively.12,13

Physical examination findings often include jugular ve-
nous distention, the presence of a third heart sound (ie,
an S3 gallop), pulmonary crackles, a mitral or tricuspid
Health, Inc. All rights reserved.
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regurgitationmurmur, lower extremity edema, anddisplaced
apical impulse.12

There are limited statistics on the percentage of pa-
tients who present with each symptom and physical ex-
amination finding. However, in a study of 97 South
African PPCM patients by Desai et al,35 43% were
noted to have mitral regurgitation, 92% with a third heart
sound, and 72% with a displaced apical impulse.36
DIAGNOSIS

As PPCM is a diagnosis of exclusion, tests and imaging
should be performed to narrow the differential diagnoses.
Alternative diagnoses include preexisting valvular dis-
ease, other forms of cardiomyopathy, preeclampsia with
severe features, pulmonary embolism, infection, sepsis,
thyrotoxicosis, and drug use. Initial assessment should
include echocardiogram; chest x-ray; electrocardiogram
(ECG); cardiac protein assays (including troponins, B-type
natriuretic peptide, and N-terminal pro–N-type brain na-
triuretic peptide); assessment of liver, kidney, and thyroid
function; and complete blood count.
While heart failure is a clinical diagnosis, transthoracic

echocardiography is most commonly used to assess re-
duced LVEF, a prominent feature of PPCM.36,37 An
LVEF of less than 45% with or without ventricular dila-
tion is diagnostic of PPCM. The use of echocardiography
is also important to assess for the presence of structural
heart disease. Although cardiacmagnetic resonance imag-
ing could, in theory, provide information about cardiac
structure and function as well as myocardial inflamma-
tion, much remains to be determined about its role in
the diagnosis of PPCM, and it is not available in all cen-
ters. Chest radiography is a useful component of the ini-
tial evaluation and may show signs of cardiomegaly or
pulmonary edema, which can be suggestive of heart
failure. Although ECG findings are often nonspecific,
ECGs help to rule out acute ischemic events and may
show findings suggestive of a pulmonary embolism.
Brain natriuretic peptide, a hormone secreted from ven-
tricular cardiomyocytes in response to increased myocar-
dial stretching and stress, is often markedly elevated in
patients with decompensated heart failure. In conjunction
with routine blood work to rule out severe anemia, elec-
trolyte abnormalities, thyroid dysfunction, renal dysfunc-
tion, and liver dysfunction, findings from a thorough
cardiac evaluation help to solidify the diagnosis.
Of note, the clinical picture of PPCM can overlap with

that of hypertensive diseases of pregnancy (eg, gestational
hypertension, preeclampsia, and eclampsia). However,
LVEF is usually preserved in patients with these hyper-
tensive disorders. When cardiovascular pathology is
present in pregnant patients with a hypertensive
Copyright © 2021 Wolters Kluwer 
disorder, the most commonly reported condition is left
ventricular diastolic dysfunction with associated ele-
vated filling pressures.38 Patients who develop ventricu-
lar systolic dysfunction associated with hypertensive
diseases often have proteinuria and signs of liver, hema-
tologic, and neurological dysfunction.3 These laboratory
abnormalities and physical symptoms typically resolve
after delivery. By contrast, patients with PPCM are more
likely to have persistent or worsening symptoms of heart
failure after delivery and typically require more complex
management.3 Despite these notable differences, distin-
guishing PPCM from hypertensive diseases of preg-
nancy remains clinically difficult.
CLINICAL MANAGEMENT

Although the goals of clinical management in PPCM
(Fig. 2) are similar to those of any other form of systolic
heart failure, it is important that patients be managed by
an interdisciplinary team of obstetricians, maternal-fetal
medicine specialists, cardiologists, and anesthesiologists
as there are aspects of their care that are unique to the
pregnant state.39

Initial Management and Stabilization

After assessing for impending circulatory and/or re-
spiratory collapse in an acutely decompensated patient
with PPCM, it is vital to initiate a medication regimen
aimed at the optimization of preload and the reduction
of afterload. First-line therapy includes oral hydralazine
and long-acting nitrates to target afterload reduction.
Carefully titrated intravenous loop diuretics are used to
reduce venous congestion. Fluid restriction and low-salt
diet can decrease fluid accumulation. Digoxin may be
considered because of its inotropic properties, but its
use in PPCM is often limited to patients who are unre-
sponsive to standard therapies.4 β-Blockers should not
be administered in acutely decompensated PPCM be-
cause of risk of further decreasing myocardial contractil-
ity.40 Patients with LVEF of 35% or less, left ventricular
(LV) thrombus, or atrial fibrillation should be placed on
prophylactic anticoagulation with low-molecular-weight
heparin or unfractionated heparin; these agents do not
cross the placenta.41 Antepartum patients who are also
diagnosed with preeclampsia should be managed with
additional antihypertensive agents as needed and magne-
sium sulfate for seizure prophylaxis.
Continuous telemetry is usually indicated during labor

and in the early postpartum period, especially in patients
with LVEF of 35% or less.42 Digoxin or β-blockers
can be used for atrial fibrillation, with the latter ap-
propriate only for hemodynamically stable patients.
Health, Inc. All rights reserved.



FIG. 2. Management of patients with PPCM. ACEI, angiotensin-converting enzyme inhibitor.
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Intravenous amiodarone can be used for refractory
ventricular tachycardia.

Delivery Considerations for Antepartum Patients

Early fetal monitoring is important in antepartum PPCM
patients because of the risk of fetal distress in the setting
of maternal hemodynamic instability. Fetal status can
be best optimized by stabilizingmaternal clinical status,
which is the primary determinant for timing of delivery.
In the absence of other obstetric indications for cesar-
ean delivery, vaginal delivery is generally preferable
in PPCM patients who are clinically stable.43 Instru-
mental delivery may be considered to limit the cardio-
vascular effects of Valsalva maneuver.44,45 If cesarean
delivery is indicated, comanagement with obstetric an-
esthesiology is essential to determine the best choice of
anesthesia and to optimize intraoperative fluid manage-
ment. Typically, regional anesthesia is appropriate in
conjunction with invasive monitoring of arterial and
central venous pressure. The goal of fluid management
is to maintain a meticulous balance, given the risk of
pulmonary edema in PPCM patients.45 Regardless of
mode of delivery, it is recommended that PPCM patients
should deliver in the lateral decubitus position to mini-
mize aortocaval compression.4

Postpartum Management

Given the possibility of rapid changes in clinical sta-
tus and an increased risk of cardiac arrhythmias and
Copyright © 2021 Wolters Kluwer 
sudden cardiac arrest, it is reasonable to consider ad-
mission to the cardiac care unit for postpartum PPCM
patients, especially those with severe left ventricular
dysfunction. Mallikethi-Reddy et al46 reviewed 9841
hospitalizations in the United States and found arrhyth-
mias in 18.7% of the cohort, with reported cardiac arrest
in 2.2% of the cases.
Postpartum patients with LVEF of 35% or less can be

initiated on low-molecular-weight heparin, unfractionated
heparin, or warfarin for continued anticoagulation.4,41

These medications are safe for nursing mothers as they
are not excreted in breast milk. Currently, the American
Society of Hematology does not recommend use of
direct-acting oral anticoagulants (also called novel-oral
anticoagulants), such as apixaban and dabigatran in
nursing mothers.41 Calcium-channel blockers and cer-
tain angiotensin-converting enzyme inhibitors (eg, enal-
april, captopril) are considered safe to use if needed for
blood pressure management in postpartum women
who are breastfeeding. Other angiotensin-converting
enzyme inhibitors and angiotensin-II receptor blockers
should be avoided.
As previously discussed, mouse models have shown

that a prolactin mechanism might play a role in the path-
ogenesis of PPCM. However, there is ongoing debate on
the use of bromocriptine, a dopamine antagonist, as
additive therapy for PPCM management. In a small
randomized controlled trial, women with severe LVEF
(≤35%) treated with bromocriptine in addition to stan-
dard heart failure therapy showed improvements in
Health, Inc. All rights reserved.
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ventricular function when compared with patients on
standard therapy.47 However, this study remains con-
troversial, and many argue that there is no substantial
evidence to compromise the well-demonstrated clinical
benefits of breastfeeding through routine use of bromo-
criptine. Additionally, use of bromocriptine has been
associated with increased thrombotic risk, and many
of the studies of this drug have included predominantly
White patients. The 2018 European Society of Cardiol-
ogy guidelines for the management of cardiovascular
diseases during pregnancy state that short-term use of
bromocriptine (2.5 mg bromocriptine daily for 1 week)
may be considered in uncomplicated patients, whereas
prolonged treatment (2.5 mg bromocriptine twice daily
for 2 weeks and then 2.5 mg once daily for 6 weeks)
may be considered in patients with ejection fraction of
less than 25% or cardiogenic shock.1 Given increased
thromboembolic risk, bromocriptine should only be admin-
isteredwith low-molecular-weight heparin or unfractionated
heparin for prophylactic anticoagulation.
Despite some evidence of increased inflammatory

markers in PPCM patients, there is insufficient evidence
to support the addition of anti-inflammatory or immuno-
suppressive therapy, such as steroids, to the PPCM treat-
ment regimen.48 In a small trial of pentoxifylline in
patients with PPCM, a tumor necrosis factor α inhibitor,
Sliwa et al49 found clinically significant improvements
in LVEF and a reduction in measures of poor outcomes,
including death and New York Heart Association class.
However, the data on this drug and other immunomodu-
latory therapies remain limited, and medications to target
inflammation are not typically used to treat PPCM.
Long-term Prognosis and Outcomes

Up to 72% of PPCM patients in the United States re-
cover within 6 months, with recovery defined as LVEF
of 50% or greater.50 In other countries, recovery rate is as
low as 21% to 43%.12,50 Left ventricular ejection frac-
tion at the time of diagnosis is the strongest prognostic
marker for recovery.51 A 2015 multicenter prospective
study demonstrated that higher LVEF at presentation is
associated with improved rates of left ventricular func-
tional recovery. Of patients who had an LVEF of 30%
or greater on presentation, 86% had a completely recov-
ered LVEF (>50%) at the time of follow-up. Of those
with LVEF of less than 30% on presentation, only 37%
experienced LVEF recovery.50 Other factors suggestive
of good prognosis include left ventricular end-diastolic
dimension of less than 5.5 cm, absence of troponin ele-
vation, and the absence of LV thrombus at presentation.
Patients who experience recovery of LV systolic func-
tion often do so within 6 months of delivery.52
Copyright © 2021 Wolters Kluwer 
Black race is a strong predictor of poor outcomes. A
2017 retrospective cohort study by Irizarry et al53 found
that, when compared with non-Black women, Black
women with PPCM were more likely to present with
more severe left ventricular dysfunction and be diag-
nosed later and tend to have less frequent full recovery
of LV systolic function.8 When it occurs, recovery of
LV systolic function typically takes a longer period in
Black patients.53 There are ongoing investigations on
how to improve diagnosis and management in this pa-
tient population. Other poor prognostic factors include
a QRS interval on ECG of greater than 120 millisec-
onds, higher New York Heart Association functional
class at presentation, and multiparity. Earlier diagnosis
and appropriate heart failure management are key to im-
proving outcomes.54

There are significant geographical differences in re-
ported mortality rates due to PPCM. The 2015 Investiga-
tions of Pregnancy-Associated Cardiomyopathy study
found a 6% mortality rate in the United States.50 By con-
trast, Fett55 reported a 15.8% mortality rate due to PPCM
inHaiti, 28% to 40% in South Africa, and 30% in Turkey.
It is possible that these differences are due, in part, to
variations in timing of diagnosis and differences in
resources available for clinical management.
All patients with PPCM should be closely followed

by a cardiologist with expertise in managing heart dis-
ease in pregnancy. Medical therapy is usually continued
for a minimum of 12 months or at least 6 months after
full LVEF recovery. In patients who do not have LVEF
recovery, long-term or lifelong pharmacologic therapy is
indicated. A primary prevention implantable cardioverter-
defibrillator should be considered for prevention of sudden
cardiac death inwomenwith LVEF of 35%or less who do
not recover after 6 to 12 months.1,42,56–58 However, there
are limited data and guidelines on the use of primary pre-
vention implantable cardioverter-defibrillators in this
population, and the decision requires a patient-centered
discussion. A follow-up echocardiogram is typically rec-
ommended at 3 months postpartum, with a repeat at
6 months if there is residual left ventricular dysfunction.
Annual follow-up with cardiology is recommended up
to 10 years after recovery.37
Subsequent Pregnancy

Women with a history of PPCM should generally be
counseled against subsequent pregnancies because of
a high risk of recurrent or worsening LV dysfunction
and adverse maternal outcomes. Several studies in the
United States have found a wide range in mortality from
0.5% to 25% in subsequent pregnancies.59–61 Full recov-
ery, defined as LVEF of 50% or greater, is associated
Health, Inc. All rights reserved.



491Peripartum Cardiomyopathy • CME Review Article
with better outcomes in subsequent pregnancy, whereas
persistent LV dysfunction is associated with worse out-
comes.62 Left ventricular ejection fraction of less than
50% prior to conception is associated with relapse in
subsequent pregnancy, defined as a further decrease in
LVEF or decompensated heart failure. Some studies
have found relapse in up to 40%ofwomenwith a history
of PPCM.62,63 Codsi et al64 conducted a retrospective
cohort study of 25 pregnant patients at Mayo Clinic with
a history of PPCM during a prior pregnancy and found a
relapse rate of 20.9% but with a mortality rate of 0%. All
but 1 patient included in this study had an LVEF of 50%
or greater before their subsequent pregnancy.64 By contrast,
Sliwa et al65 conducted a small study in South African and
found a mortality rate of 33% associated with subsequent
pregnancy in patients with a history of PPCM. However,
similar to the findings of Codsi et al,64 the risk of re-
lapse was approximately 20% in patients who had fully
recovered LV systolic function.
Given these risks, contraceptive counseling is vital in

women with a history of PPCM. Copper or levonor-
gestrel intrauterine devices, etonogestrel implants, and
medroxyprogesterone intramuscular injections are pre-
ferred to combined-oral contraceptives because of re-
duced risk of interactions with heart failure medications
and an ongoing risk of thromboembolic events. Use of
barrier methods alone is not recommended because of
a higher failure rate.

CONCLUSIONS

Peripartum cardiomyopathy is a rare but life-threatening
form of cardiomyopathy. As awareness and understanding
of PPCM have increased, so has our ability to clinically
recognize andmanage it. Further research is needed to op-
timize diagnosis and treatment, especially in Black pa-
tients who are disproportionately affected by PPCM and
have statistically worse outcomes. The development of
disease-focused therapies will be key to reducing themor-
bidity and mortality rates associated with PPCM.
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