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Evaluation of Bromocriptine in the Treatment of Acute
Severe Peripartum Cardiomyopathy
A Proof-of-Concept Pilot Study

Karen Sliwa, MD, PhD; Loni Blauwet, MD; Kemi Tibazarwa, MD; Elena Libhaber, PhD;
Jan-Peter Smedema, MD, MMed(Int); Anthony Becker, MD; John McMurray, MD, FESC;
Hatice Yamac, MD; Saida Labidi, MSc; Ingrid Struman, PhD; Denise Hilfiker-Kleiner, PhD

Background—Periparum cardiomyopathy (PPCM) is a potentially life-threatening heart disease that occurs in previously
healthy women. We identified prolactin, mainly its 16-kDa angiostatic and proapoptotic form, as a key factor in PPCM
pathophysioclogy. Previous reports suggest that bromocriptine may have beneficial effects in women with acute onset of
PPCM.

Methods and Results—A prospective, single-center, randomized, open-label, proof-of-concept pilot study of women with
newly diagnosed PPCM receiving standard care (PPCM-Std; n=10) versus standard care plus bromocriptine for 8 weeks
(PPCM-Br, n=10) was conducted. Because mothers receiving bromocriptine could not breast-feed, the 6-month
outcome of their children (n=21) was swudied as a secondary end point. Blinded clinical, hemodynamic, and
echocardiographic assessments were performed at baseline and 6 months after diagnosis. Cardiac magnetic resonance
imaging was performed 4 to 6 weeks after diagnosis in PPCM-Br patients. There were no significant differences in
baseline characteristics, including serum 16-kDa prolactin levels and cathepsin D activity, between the 2 study groups.
PPCM-Br patients displayed greater recovery of left veatricular gjection fraction (27% to 58%; P=0.012) compared
with PPCM-Std patients (27% to 36%) at 6 months. One patient in the PPCM-Br group died compared with 4 patients
in the PPCM-Std group. Significantly fewer PPCM-Br patients (n=1, 10%}) experienced the composite end point of poor
outcome defined as death, New York Heart Association functional class HI/IV, or left ventricular ejection fraction
<35% at 6 months compared with the PPCM-Std patients (n==8, 80%; P=0.006). Cardiac magnetic resonance imaging
revealed no intracavitary thrombi. Infants of mothers in both groups showed normal growth and survival.

Conclusions—In this trial, the addition of bromocriptine to standard heart failure therapy appeared to improve left
ventricular ejection fraction and a composite clinical outcome in women with acute severe PPCM, although the number
of paticnts studied was small and the results cannot be considered definitive. Larger-scale multicenter and blinded
studies are in progress to test this strategy more robustly. (Circulation. 2010;121:1465-1473.)
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Pcriparmm cardiomyopathy (PPCM) is characterized by
new onset of heart failure between 1 month before and 5
months after delivery in previously healthy women.! The
clinical presentation and management of PPCM and its
outcome have been reviewed recently.' Only 23% to 54% of
patients show recovery of cardiac function within 6
raonths.?-¢ Investigation of a large cohort of PPCM patients
demonstrated that this condition is associated with a proin-
flamraatory response, as evidenced by elevated plasma levels

of tumor necrosis factor-o, Fas-Apo-1, interleukin-6, and
C-reactive protein (CRP).578

Editorial see p 1463
Clinical Perspective on p 1473

We recently reported that enhanced oxidative stress in a
mouse model for PPCM (mice with a cardiac-specific dele-
tion for signal transducer and activator of transcription-3)
triggers the activation of cathepsin D, a ubiquitous lysosomal
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Table 1. Baseline Characteristics, Treatment, and 6-Month Results for 20 PPCM Patients

Age, Parity, Symptom Onset Carvedilol Enalapril Furosemide Aldactone

Patient Group y n Postpartum, d Dose, mg BID Dose, mg/d Dose, mg/d Dose, mg/d
1 PPCM-Std 23 2 25 6.25 10 80 25

4 PPCM-Std 21 2 18 12.5 10 80 25

5 PPCM-Std 22 1 20 6.25 5 80 25
9 PPCM-Std 46 3 21 12.5 10 120 50
10 PPCM-Std 24 2 26 25 10 80 25
12 PPCM-Std 21 1 26 6.25 5 80 0
13 PPCM-Std 24 1 22 25 10 80 25
16 PPCM-Std 44 6 28 12.5 5 80 0
17 PPCM-Std 18 1 12 6.25 5 30 g
20 PPCM-Std 38 3 7 12.5 10° 80 25
2 PPCM-Br 22 2 8 6.25 5 80 25
3 PPCM-Br 38 3 14 6.25 5 80 12.5
6 PPCM-Br 24 1 26 12.5 5 80 25
7 PPCM-Br 22 2 7 6.25 5 80 25
8 PPCM-Br 18 2 24 6.25 5 80 25
1 PPCM-Br 24 2 7 6.25 10 120 25
14 PPCM-Br 23 1 4 25 5 80 50
15 PPCM-Br 28 1 30 25 5 80 25
18 PPCM-Br 22 1 2 6.25 5 80 25
19 PPCM-Br 18 1 3 12.5 5 120 i

LVEDD indicates LV end-diastolic diameter; CHF, congestive heart failure; and NR, not reported.

enzyme that subsequently cleaves serum prolactin into its
antiangiogenic and proapoptotic 16-kDa form.? This is asso-
ciated with endothelial inflammation, impaired cardiomyo-
cyte metabolism, and reduced myocardial contraction, sug-
gesting that oxidative stress, inflammation, and prolactin may
be interconnected and responsible for initiating PPCM.

Similarly, we found evidence for increased oxidative
stress, enhanced cathepsin D activity, and increased prolactin
cleavage in patients with acute PPCM.® More recently, we
documented a close correlation between N-terminal brain
natriuretic peptide (NT-proBNP; a marker of ventricular wall
stress and heart faiture), prolactin, and markers of oxidative
stress (oxidized low-density lipoprotein) and inflammation
(interferon-v), further supporting the detrimental role of the
oxidative stress—prolactin axis.'®

Tmportantly, blockade of prolactin with the dopamine-2D
agonist bromocriptine prevented the onset of PPCM in mice
and in 6 women at high risk of this condition as a result of
documented PPCM in a previous pregnancy.” Several case
reports have also described seemingly beneficial effects from
the addition of bromocriptine to standard heart failure therapy
in patients with acute PPCM.?!"2 Although these prelimi-
nary results suggesting beneficial effects of bromocriptine
treatment in patients with acute PPCM appear promising,
concerns have been raised about the risk of thrombotic
complications, including cerebral vascular incident and myo-
cardial infarction, related to bromocriptine therapy!*-'6 and
the consequences for the children of these patients because
the mothers are unable to breast-feed.??

The present work summarizes data from the first random-
ized study to assess the efficacy of bromocriptine on recovery

of left ventricular (LV) function, symptom status. and other
clinical measures in patients presenting within the first month
postpartum with new-onset symptomatic PPCM and an LV
ejection fraction (LVEF) <35%. The progress of the newborn
children over the 6-month follow-up period was also studied.
All open-label efficacy assessments were made by indepen-
dent blinded investigators.

Methods

Study Design and Patient Recruitment

This study was approved by the Human Research Ethics Commitice
of the University of the Witwatersrand, Johannesburg, South Africa,
and complies with the Declaration of Helsinki. All patients and
control subjects gave written informed consent before study entry.
Twenty consenting consecutive patients diagnosed with PPCM and
fulfilling the inclusion criteria were enrolled in the study. All paticats
were included and randomized with a computer-generated random-
tzation list within 24 bours of diagnosis.

The study was conducted at the Chris Hani Baragwanath
Hospital. Patients were referred from local clinics, secondary
hospitals, and the Department of Obstetrics at the Chris Hani
Baragwanath Hospital. History of preexisting cardiac symptoms
and signs, occurrence of preeclampsia, and mode of delivery were
obtained from the patient and confirmed by examination of the
obstetric card carried by each patient. Symptoms and signs were
recorded during first presentation at the cardiac unit at the Chris
Hani Baragwanath Hospital (baseline) and after a follow-up
period of 6 months. Clinical assessment, echocardiography, and
blood analysis were performed at baseline and at 6 months.
Cardiac magnetic resonance imaging (MRI) was obtained 4 to 6
weeks after diagnosis in patients receiving bromocriptine.

Inclusion criteria were symptoms of congestive heart failure that
developed in the last month of pregnancy or during the first month
postpartum, nc other identifizble cause for heart failure, and LVEF
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Prolactin at Prolactin at NYHA Class NYHA Class  LVEDD at LVEDD at LVEF at LVEF at
Baseline, ug/L. 6 mo, ug/l  atBaseline  at 6 mo  Baseling, mm 6 mo, mm Baseline, % 6 mo, % Prespecified End Point of Poor Ouicome
54 60 W 1] 46 43 33 40 Yes
1 NR I NR 61 NR 28 NR Yes (died 1 mo after basefine of sudden death)
9 NR i NR 65 NR 18 NR Yes (died 1 mo after baseline of CHF)
16 16 v 1] 62 60 24 22 Yes
50 48 [ I 60 62 19 24 Yes
50 9 ] i 59 52 34 50 No
5 NR I NR 62 NR 34 NR Yes (died 3 mo after baseline of CHF)
233 7 [l it 57 43 32 44 Yes
52 NR v NR 59 NR 14 NR Yes (died on index admission)
30 8 I I 60 74 32 37 No
135 8 Y i 33 44 34 58 No
122 6 I 1 65 59 29 37 No
22 7 I | 68 65 30 62 No
56 7 ] I 54 51 27 72 No
4 6 I 1 56 48 30 56 No
91 25 H | 63 51 30 58 No
55 8 v i 55 47 33 60 No
18 13 Il 1 49 34 32 75 No
NR NR i} NR 55 NR 18 NR Yes (died on index admission)
5 12 it | 54 56 8 48 No

<35% by transthoracic echocardiography. Exclusion criteria were
systolic blood pressure >160 or <95 mmHg or diastolic
>105 mm Hg; clinical conditions other than cardiomyopathy that
could increase plasma levels of inflammatory markers such as sepsis,
autoimmune disease, or HIV positivity; significant liver disease
(defined as liver transaminase levels >2 times the upper limit of
normal); history of peptic ulcer disease; history of psychiatric
disorders; impaired renal function (defined as urea and/or creatinine
>1.5 times the upper limit of normal); and any clinical condition
that, according to the investigators, precluded inclusion in the study
such as ischemic heart disease or malignancy.

All patients received treatment with the diuretic furosemide and
the angiotensin-converting enzyme (ACE) inhibitor enalapril.
Patients with an LVEF <25% or LV thrombus received antico-
agulation therapy with warfarin for 6 months. Carvedilol was
added after resolution of overt heart fajlure. Enalapril and
carvedilol doses were titrated upward as tolerated during the first
4 weeks after diagnosis and then remained unchanged throughout
the remainder of the 6-month study period. Furosemide dose was
decreased as indicated according to clinical assessment durin g the
6-month study period. The 10 patients randomized to standard
therapy (PPCM-Std group) were treated as outlined above. The 10
patients randomized to standard therapy plus bromocriptine
(PPCM-Br) received bromocriptine 2.5 twice daily for 2 weeks
followed by 2.5 mg daily for 6 weeks in addition to standard heart
failure therapy. After the initial screening and baseline visits,
monthly outpatient visits were scheduled for clinical assessment
and evaluation of medication compliance.

Echocardiography, Cardiac MRI, Assessment of
New York Heart Association Functional Class, and
Noninvasive Blood Pressure Measurements

Patients were diagnosed by specialist physicians and cardiologists
working at the Chris Hani Baragwanath Hospital. Patients were
included in this trial within 24 hours after diagnosis once the
diagnosis was confirmed by a cardiologist (K.S.), who repeated the

echocardiography. Two-dimensional and targeted M-mode echocar-
diography with Daoppler color-flow mapping was performed with
either a Hewlett Packard Sonos 5500 (Royal Philips Electronics,
Amsterdam, the Netherlands) or a VIVID i (General Electric
Company, Fairfield, Conn) echocardiography machine. Systolic and
diastolic LV dimensions were measured according to the American
Society of Echocardiography guidelines.'® Measurements of LV
dimensions and function were determined by use of the average of
=3 cycles. Mitral effective regurgitant orifice area and Doppler
parameters of diastolic function were measured according to Amer-
ican Society of Echocardiography guidelines.!*2¢ Echocardiography
was recorded on video or a compact disk and stored within the
Soweto Cardiovascular Research Unit Division for further reference,
audit purposes, and repeat blinded analysis by a single operator.

Cardiac MRI was performed 4 to 6 weeks after diagnosis in
patients receiving bromocriptine to detect possible mural thrombi.
Studies were performed with a 1.5-T MRI scanner (General Electric,
Milwaukee, Wis) with a cardiac-dedicated phased-array coil. The
cardiac MRI studies were ECG triggered by standard software.
Studies consisted of steady-state free precession and spin echo.
Short-axis, transverse, and coronal views were obtained. Steady-state
free-precession sequences were performed to assess regional wall
motion abnormalities and LVEF. Slice thickness was 8 mm with no
gap, 256X256 matrix, 400-mm field of view, and 1.6X1.6X8-mm
voxel size. The total time required for the investigation was 30 to 45
minutes. Gadolinium enhancement was not studied. Ventricular
parameters were assessed in a standard manner by 1 observer using
commercially available software (CAAS MRV, Pie Medial Imaging,
Maastricht, the Netherlands). The cardiac MR studies were assessed
by 2 independent experienced observers who determined the pres-
ence or absence of intracavitary thrombi.

New York Heart Association (NYHA) functional class of each
patient at baseline and follow-up visits was evaluated by a physician
who was provided clinical data but was blinded to ftreatment
allocation and was unaware of the results of the laboratory tests.
Heart rate and systolic and diastolic blood pressures were measured
noninvasively with a Critikon Dinamap Vital Signs Monitor 1846
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and calculated as mean values from S readings. Measurements were
made after a 30-minute resting period in patients in the sitting
position with 2-minute intervals between successive measurements.

Research-Specific Blood Tests

Blood (8 mL) was withdrawn from an antecubital vein, collected in
prechilled tubes containing EDTA acid or clot activator, and mixed
rapidly. Plasma or serum was separated by centrifugation at 2500
rpm for 7 minutes within 10 minutes of collection. Aliquots were
stored at —80°C for possible future analysis. High-sensitivity CRP
(hsCRP) was measured as described previously.378 In addition,
prolactin, NT-proBNP, full blood count, liver function, and creati-
nine were measured. Serum levels of 16-kDa prolactin were mea-
sured by immunoprecipitation followed by Western blotting. Cathep-
sin D activity was assayed with the Sensolyte 520 Cathepsin D Assay
Kit (MoBiTec) as previously described.”

Analysis of Qutcome

The prespeciticd combined end point of poor outcome was defined
as death, NYHA functional class III/TV, or LVEF <35% at 6 months
as previously described.®

Assessment of Children

Standard growth monitoring charts issued by the South African
Department of Health and maintained by primary physicians were
obtained for the newborn children of mothers included in this study.
These charts listed the weight of each child at birth and at regular
intervals to 6 months and beyond. Weights were plotted on World
Health Organization weight-for-age Child Growth Standard charts
for girls and boys.?-22

Statistical Analysis

Data were analyzed with the SAS version 9.1 statistical program
(SAS Institute Inc, Cary, NC). Results are expressed as mean*SD or
median (range). Comparison between groups at baseline and within
groups (baseline to 6 months) of class variables was analyzed by x*
test or the Fisher exact test when adequate. NT-proBNP data were
log transformed. To assess differences between the 2 treatment
groups, we analyzed mean changes (baseline to 6 months) in all
continuous variables with a 7 test or an exact Wilcoxon 2-sample test
when distribution was not normal. For within-group comparisons, a
paired ¢ test or a sign test when distribution was not normal was
performed. Significance was assumed at a 2-sided value of P<(0.05.

Results

Baseline Characteristics and Treatment

Ninety-three patients with suspected PPCM were screened to
recruit 20 consecutive patients with confirmed PPCM who were
HIV negative and presented within 1 month postpartum. As
depicted in Tables 1 and 2, the baseline characteristics of patients
in the PPCM-Br and PPCM-Std groups were similar in terms of
age, parity, NYHA functional class, systolic and diastolic blood
pressures, heart rate, LV end-diastolic and end-systolic dimen-
sions, and LVEF. Median prolactin and median NT-proBNP
levels were comparable, whereas serum levels of 16-kDa pro-
“lactin and cathepsin D activity were elevated to a similar degree
in all patients (Figure 1).

Treatment with standard heart failure medications was
similar between the PPCM-Br and PPCM-Std groups (Table
). Median dose of enalapril in the PPCM-Br group was 5
mg/d (range, 5 to 10 mg/d) and in the PPCM-Std group was
10 mg/d (range, 5 to 10 mg/d). Median dose of carvedilol in
the PPCM-Br group was 6.25 mg twice daily (range, 6.25 to
25 mg) and in the PPCM-Std group was 12.5 mg twice daily
(range, 6.25 to 25 mg). Median dose of furosemide at 6

Table 2. Baseline Characteristics of PPCM-Br Versus
PPCM-Std Patients

PPCM-Br PPCM-Std
(h=10y* (n=10)* P

Clinical parameters

Age, y 24+6 2810 0.60

Parity, n {range) 1.5{1-3) 2 (1-6) 0.52

Systolic bleod pressure, 11623 11019 0.50

mm Hg

Diastolic blood pressure, 70186 7618 0.45

mm Hg

Heart rate, bpm 102+13 108=15 0.34

NYHA functional class, n (%) 1.00

I 5 (50) 5 (50)
v 5 {50) 5 (50)

Echocardiographic parameters

LVEDD, mm 5510 595 0.25

LVESD, mm 469 52+6 0.16

LVEF, % 27.2x8.1 26.89x7.6 0.87

Mitral regurgitation (grade) 21086 1.9+0.6 0.70

Mitral ERO, cm? 0.45+0.13 0.44:0.18 0.90
Laboratory parameters

Hemoglobin, g/dL 13.0+2.2 11.8=19 0.22

Creatinine, wmol/Lt 71 (6-109) 66 (5-96) 0.43

hsCRP, mg/Lt 7.8 (1.1-58.0) 6.0 (4.0-115.3) 0.86

Prolactin, pg/tt 49.9 (3.8-135.0) 30.0 (5.1-233.0) 0.87

Log NT-proBNP 8.54+1.14 8.45+1.24 0.88

LVEDD indicates LV end-diastolic diameter; LVESD, LV end-systolic diame-
ter; and ERO, effective regurgitant orifice.

*Values are mean=:SD unless otherwise specified.

fValues are median (range).

wonths was 80 mg/d (range, 80 to 120 mg). All patients,
including those with normalized LV systolic function, con-
tinued on medical therapy with ACE inhibitor and carvedilol
during the 6-month study period. Cardiac transplantation or
implantation of a LV assist device is not performed in state
hospital patients in the Gauteng province of South Africa.

Hemodynamic and Echecardiographic Parameters

Changes in systolic and diastolic blood pressures and heart
rate from baseline to 6 months were not significantly different
between the 2 treatment groups. In contrast, recovery of
LVEF between bascline and 6 months was greater in the
PPCM-Br group (31%) than in the PPCM-Std group (9%;
P=0.012; Table 3 and Figure 2). Furthermore, the degree of
witral regurgitation significantly improved in the PPCM-Br
group compared with the PPCM-Std group (P=0.013), as did
several parameters of diastolic function (Table 3). No signif-
icant differences were observed in LV end-diastolic and
end-systolic dimension change from baseline to 6 months
between the 2 groups (Table 3).

NYHA Functional Class
All 9 surviving patients in the PPCM-Br group recovered to
NYHA functional class I at 6 months. In contrast, all patients
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from the PPCM-Std group who survived 6 months were in
NYHA functional class 1T (3 patients) or IlI (3 patients)
(Tables 1 and 4).

Survival

The single patient who died in the PPCM-Br group presented
in severe heart failure and survived only 7 days. All 9
remaining patients in the PPCM-Br group survived 6 months.
Four patients in the PPCM-Std group died during the 6-month
follow-up period: 1 died of heart failure during the index
admission, 2 died of heart failure 4 w0 12 weeks after

Prt 1gG neg

Cathepsin D

PPCM-Std
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Figure 1. Analysis of prolactin subforms
and cathepsin D activity in baseline serum
probes from PPCM patients. A, Represen-
tative Western blot showing 16-kDa pro-~
396G lactin immunoprecipitated from serum
3 kDs probes of PPCM patients and from serum
18 hos of a nulliparous (NP) control. Bar graph
depicts 16-kDa prolactin serum levels in
PPCM-Std (Std: n=7) and PPCM-Br (Br;
n=8) vs the mean value of NP {n=3),
which was set at 100% (*P<0.01 vs NP).
B, The specificity of the immunoprecipita-
ot tion (P} was confirmed with anti-prolactin
antibodies {Prl), nonspecific immunoglobu-
lin G (IgG). and no antibody {neg) in a
PPCM serum probe, followed by detection
of 16-kDa prolactin by Western biot. C,
Bar graph depicting cathepsin D activity in
serum probes from PPCM patients
(PPCM-Std, n=8; PPCM-Br, n=9) at
baseline and in NP (n=7). Mean value of
NP was set at 100% (*P<0.01 vs NP).

PPCM-Br

diagnosis, and | experienced sudden cardiac death 1 month
after baseline assessment.

Laboratory Parameters

There was a difference in change of log NT-proBNP levels
from baseline to 6 months of borderline statistical signifi-
cance in the PPCM-Br patients compared with the PPCM-Std
patients (P=0.05), whereas the reductions in prolactin and
hsCRP levels at 6 months were similar between the 2 groups
(Table 5).

Table 3. Comparison of Hemodynamic and Echocardiographic Parameters in PPCM-Br and PPCM-Std Patients at Baseline and 6 Monihs

PPCM-Br Baseline

PPCM-Br 6 Months

PPCM-Std Baseline PPCM-Std 6 Months

(n=10y* (n=9y {n=10)" (n=6)* Pi
Clinical parameters
Systolic biood pressure, mm Hg 11623 11813 110=19 1158 0.78
Diastolic biood pressure, mm Hg 7016 74::9 7618 73:+6 0.77
Heart rate, bpm 10213 64+7 108=15 79+15 0.22
Echocardiographic parameters

LVEDD, mm 5510 51%9 59x5 5612 0.50
LVESD, mm 46+9 34+10 526 45:+11 0.18
LVEF, % 278 5811 278 3611 0.0007
Mitral regurgitation (grade) 21=06 0.22+£0.44 1.8+0.6 1.5+1.0 0.0042
Mitrat ERQ, cm? 0.45+0.13 0.11+0.03 0.44+0.18 0.34+0.18 0.02
Left atrial diameter, cm 3.5470.25 3.3620.53 3.83x0.62 3.93+0.83 0.25
Mitral E velccity, cm/s 8619 6624 8923 85+24 0.53
Mitral A velocity, cm/s 32x7 4819 33=8 4512 0.80
Mitral E velocity/A velocity ratio 2.82:0.76 1.63:£1.13 2.73+0.68 1.942:0.67 0.82
Deceleration time, ms 11826 197+59 136230 16836 0.08
Mitral mediai annular (E') TDI velocity, cm/s 7.0+1.3 124+24 6.5+1.1 7.3+25 0.014
E/E’ (medial annular velocity) 12.5+3.0 54125 14.0£4.6 12.4:4.6 0.08
Mitral fateral annular (E') TDI velocity, cm/s 7.2x11 12.4+25 6.60.97 7.3x2.5 0.007
E/E’ {lateral annular velocity) 12.0=2.0 54+25 13.8x4.2 12.1+3.9 0.051

Abbreviations as in Table 2, plus TDI indicates tissue Doppler imaging.
*Values are mean=SD.

tComparing the change from baseline to 6 months in PPCM-Br and PPCM-Std patients.
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Figure 2. Change in LVEF from baseline to 6 months among
survivors. Stars represent baseline L.VEF for patients who died
during the study period.

Combined Measure of Poor Qutcome

The combined measure of poor outcome that included LVEF
<<35% (surviving PPCM-Br, 0 of 9 [0%] versus surviving
PPCM-Std, 2 of 6 [33%]), NYHA functional class ITI/IV at 6
months (surviving PPCM-Br, 0 of 0 [0%] versus surviving
PPCM-Std, 3 of 6 [50%]), or death within 6 months (PPCM-
Br, | of 10 [10%] versus PPCM-Std, 4 of 10 [40%]) revealed
that the PPCM-Br patients had better outcome than the
PPCM-Std patients (P=0.006; Figure 3).

Thrombi and Thromboembolism
No adverse effects, including thromboembolism, were re-
ported in either group. Cardiac MRI was performed at 4 to 6
weeks after diagnosis in 8 of the 10 patients in the PPCM-Br
- group to assess for thrombus formation. MRI results were not
available for 1 patient who died before becoming stable
enough for the MRI, and the images acquired for a second
patient were not of sufficient quality for reliable assessment.
None of the remaining patients had intracavitary thrombi
(Figure 4).

Infant Growth Curves and Survival

All 21 children of the PPCM-Br and PPCM-Std patients
showed normal growth curves when plotted on the World
Health Organization standard weight-for-age growth charts
(Figure 5A and B). Although the survival of all 21 children
through the 6-month follow-up period was verified, weight-
for-age data at 6 months were available for only 13 children.

Tabie 4. Gomparison of NYHA Functional Class in PPCM-Br
and PPCM-Std Patients at Baseline and 6 Months

PPCM-Br  PPCM-Br PPCM-Std  PPCM-Std
at Baseline at 6 mo  at Baseline at6mo
(=10, (=9, (=10,  (=6)

n (%) n (%) n (%) n (%) P
NYHA functional 0.008
class
| 0 9 (100) 0 0
i 5 {50) 5 (50) 3(50)
v 5 (50) 5 (50} 3 (50)

*Comparing the change from bassline to 6 months in PPCM-Br and
PPCM-Std patients.

The mothers of 5 children died during the course of the study
and family members could not provide the children’s growth
charts, and the growth charts of the 3 other children with
missing data were incomplete because of challenges in the
delivery of quality care in the primary healthcare system in
South Africa. However, all children had weight data up to the
age of 3 months, and there were no significant differences in
growth curves between the children of the PPCM-Br patients
and those of the PPCM-Std patients.

Discussion

This prospective, single-center, randomized, open-label pilot
study with blinded efficacy assecssments showed that the
addition of bromocriptine to standard heart failure therapy in
women with PPCM appeared to result in significantly greater
improvements in NYHA functional class, LV systolic and
diastolic function, and degree of functional mitral regurgita-
tion than seen with standard therapy alone. Bromocriptine
seemed to be well tolerated, and no thrombotic complications
were observed. Moreover, although bromocriptine stopped
lactation and breast-feeding in the PPCM patients, the growth
and survival of those infants were normal. However, our
study was very small, and these findings arc in no way
definitive. On the other hand, these findings are encouraging
and suggest that a larger study should be considered.

This proof-of-concept pilot study was performed in a group
of homogeneous patients in terms of ethnic background, age,
time point of diagnosis, and baseline characteristics. Unfor-
tunately, blinding of the study was not possible because the
PPCM-Std group continued to nurse their infants while the
PPCM-Br group could not breast-feed because of
bromocriptine-induced cessation of lactation. However, in-
vestigators were blinded for data analysis. We believe that the
homogeneous patient cohort, well-balanced baseline charac-
teristics, and blinded assessment of outcomes to some extent
compensate for the small size of our study and its open-label
design.

The design of the present study was chosen on the basis of
our hypothesis that a cleaved form of the hormone prolactin
initiates and drives PPCM and that early pharmacological
blockade of prolactin with bromocriptine may improve the
condition of patients with acute onset of PPCM before
irreversible damage caused by cell death, fibrosis, and remod-
eling. Increased serum levels of 16-kDa prolactin and aug-
mented cathepsin D activity at baseline in PPCM patients
included in the present study support this hypothesis. The
rationale for the dose and length of bromocriptine therapy
was based on previous observations in animal models and a
previous pilot study,'! as well as several case reports in
patients with PPCM.12.222¢ We believe that some of the
apparently beneficial effects of bromocriptine result from
eliminating the detrimental 16-kDa prolactin form, the harm-
ful effects of which on the heart and the vasculature have
been described experimentally.’'24 In addition, both forms of
prolactin promote inflammation,?* a reaction that seems to be
associated with PPCM 1n this African cohort, because most
patients displayed increased serum levels of the inflammatory
marker hsCRP.5
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Table 5. Comparison of Laboratory Parameters in PPCM-Br and PPGM-Std Patients at Baseline and 6 Months

PPCM-Br at Baseline

PPCM-Br at 6 mo

PPCM-Std at Baseline PPCM-5td at 6 mo

(n=10) =9} (n=10) (n=6} Pt
Hemoglobin, g/dLt 13.0:2.2 12.7%15 118419 13.0%1.4 0.58
Creatinine, umobiLt 71 (6-109) 78 (52-113) 66 (5-96) 62 (41-73) 0.86
hsCRP, mg/Lt 7.8 (1.1-58.0) 4.7 (1.0-10) 6.0 (4.0-115.3) 1.8 (1.1-15.1) 0.18
Prolactin, ug/Lt 49.9 (3.8-135.0) 8.0 (5.9-25.0) 30.0 (5.1~233.0) 12.5 (7.4-60.0) 0.72
Log NT-proBNPt 8.541.14 5.62:0.80 8.45+1.24 6.6420.60 0.056

*Comparing the change from basefine to 6 months in PPCM-Br and PPCM-Std patients.

fValues are mean=1SD.
{Values are median (range).

Apart from its prolactin blocking role, bromocriptine may
exert additional “‘off-target effects” in PPCM patients. For
example, effects of bromocriptine on hemodynamic parame-
ters in patients with heart failure were described 30 years
ago®® before treatment with ACE inhibitors and B-blockers
was routine. Positive effects of bromocriptine on blood
pressure, vascular resistance, and plasma norepinephrine
levels have been described.?’ Moreover, bromocriptine has
been shown to increase stroke volume index and to decrease
LV filling pressure.?>26 Whether these potential beneficial
effects of bromocriptine on hemodynamic parameters play a
role in contemporary patients with heart failure who are
treated with ACE inhibitors and B-blockers remains to be
elucidated.

Bromocriptine may also affect metabolic parameters. We
observed that PPCM patients display increased oxidized
low-density lipoprotein serum levels compared with healthy
postpartum women,® suggesting impaired antioxidative de-
fense mechanisms and potential metabolic perturbations. In
turn, Wexler and McMurtry 27 reported that, experimentally,
bromocriptine treatment reduced triglyceride, free fatty acid,
total cholesterol, and glucose levels in isoproterenol-induced
heart failure. Whether such parameters play a role in the
pathophysiology of PPCM is currently under investigation in
experimental models.

In addition, bromocriptine has been shown to inhibit
oxidative stress—induced cell death in neuronal cells by

P=0.006

84
83 1 @prPCM-Sd

3 PPCM-Br
m .

56
40
48 4 2
20 4
10 1@
8 g
g -

Death NYHA FC EF <35% Combinsd
HITHY endpoint

Figure 3. Comparison of 6-month prespecified poor outcome,
including death, NYHA functional class (FC} HlI/V, and LVEF
<35% among survivors, and the combined end point includ-
ing all 3 of these end points for PPCM-Br vs PPCM-Std
patients (Pt).

Pt{%)

dopamine D2 receptor—dependent transactivation of c-Src/
endothelial growth factor receptor and downstream PI3K-Akt
signaling, which results in upregulation of antiapoptotic
Bcl-2.28 Preliminary data show that bromocriptine treatment
increases Akt activation and upregulates Bel-2 expression in
the heart of postpartum mice (D.H.-K., unpublished data,
2010), suggesting that bromocriptine may indeed have direct
cardioprotective effects. Taken together, these data show that
off-target effects of bromocriptine on metabolism, oxidative
stress, and cytoprotection may act in concert with its
prolactin-lowering capacity and may help to explain the
positive effects of prolonged treatment with bromocriptine
beyond an effective prolactin blockade.

We found that the overall mortality rate in the PPCM-Std
group was high. Other studies have demonstrated a lower
PPCM mortality rate (averaging ~15%), including our own
series of 100 patients!*8 and the prospective long-term study
by Fett et al.* One explanation for the differences in mortality -
rate between the present study and our other series of 100
patients might be the inclusion criteria. In the present study,
patients were enrolled very early (within 24 hours after
diagnosis). This timely enrollment was not possible for the
previous cohort of 100 patients. As a consequence, some
patients in that study died between diagnosis and enrollment.
In addition, our previous study included patients diagnosed

Figure 4. Cardiac MRI {transverse view, steady-state free-
precession sequence) in a young African woman 2 months after
delivery demonstrates marked dilation of both ventricles and the
right atrium. LVEF is 8%.
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between 4 weeks and 5 months postpartum. The development
of symptoms >4 weeks postpartum may be a manifestation
of milder forms of this disease.

In this study, the cause of death in the PPCM-Std group
was either heart failure or sudden cardiac death, with all
deaths occurring within 3 months of randomization. Tn
contrast, the 1 patient who died in the PPCM-Br group was
admitted with severe heart failure and died 7 days after
diagnosis while still in the intensive care unit.

The safety of bromocriptine treatment during pregnancy
has already been assessed by a survey of 1400 pregnant
women who took bromocriptine primarily in the first few
weeks of pregnancy and found no increased rates of abortion
or congenital malformations.?” In the postpartum phase,
bromocriptine has been used worldwide since 1980 to sup-
press lactation. However, concerns have been raised about a
potential risk for cerebral and cardiovascular complications,
as emphasized in some case reports describing stroke,’?
seizure,!S coronary artery thrombosis,'S and coronary artery
vasospasm.'* Although these data were observational, bro-
mocriptine was withdrawn from the market in the United
States in 1994 for use as an agent to block lactation.

It is known that the postpartum period is associated with an
increased risk of thrombosis and myocardial infarction, prob-
ably because of changes in coagulation that may have
“evolved as a protection from bleeding caused by miscarriage
and childbirth.>* We observed no adverse effects in any of the
9 surviving patients in the PPCM-Br group. However, the
number of patients studied was small, and because of poor
cardiac function, all patients in the present study received
subcutaneous low-molecular-weight heparin during their in-
dex admission. Therefore, although the data suggesting that
bromocriptine has a prothrombotic effect are not robust, we
cannot rule out such an effect.

There has been some concern that PPCM patients in
developing countries treated with bromocriptine will no
longer be able to breast-feed, which may increase the rsk for
malnutrition and infection in their infants.!” The survival rate
of infants of the PPCM-Br patients was not affected, and no
serious illnesses were reported, although the number of
children we studied was very small. Normal weight gain from

birth to 3 months was observed in all infants and continued to
be normal during the 6-month follow-up period in those for
whom data were available. Although this was a small study
with only short-term follow-up, our results suggest no disad-
vantage to the infant of a PPCM patient who could not
breast-feed because of bromocriptine treatment. However, we
are aware that larger studies in Soweto and other developing
areas in the world are needed to support this statement.

Conclusions
In this trial, the addition of bromocriptine to standard heart
failure therapy appeared to improve LVEF and a composite
clinical outcome in women, although the number of patients
studied was small and the results cannot be considered
definitive. Larger-scale multicenter and blinded studies are in
progress to test this strategy more robustly.
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CLINICAL PERSPECTIVE
Peripartum cardiomyopathy (PPCM) is a potentially life-threatening heart disease that occurs in previously healthy women. We
identified prolactin, mainly its 16-kDa angiostatic and proapoptotic form, as a key factor in PPCM pathophysiology. Blockade
of prolactin with the dopamine-2D agonist bromocriptine had previously been shown to prevent the onset of PPCM in mice and
in women at high risk of this condition because of documented PPCM in a previous pregnancy. We recruited 20 women with
onset of severe acute PPCM during the first month postpartum within 24 hours of diagnosis and randomized them into 2 groups:
standard care (PPCM-Std; n=10) or standard care phus bromocriptine for 8 weeks (PPCM-Br, n=10). PPCM-Br patients
displayed greater recovery of left ventricular ejection fraction compared with PPCM-Std patients at 6 months. Four PPCM-Std
patients died; only 1 PPCM-Br patient did not survive. Significanily fewer PPCM-Br patients met the composite end point of
poor outcome defined as death, New York Heart Association functional class IV, or left ventricular ejection fraction <(35%
at 6 months. Because the PPCM-Br mothers could not breast-feed, the outcome of their children was assessed. Infants of mothers
in both groups showed normal growth and survival at 6 months. Our findings suggest that the addition of bromocriptine to
standard heart failure therapy appears to improve left ventricular ejection fraction, functional class, and survival in women with

severe acute PPCM with no obvious detriment to their children.
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In the article, “Bvaluation of Bromocriptine in the Treatment of Acute Severe Peripartum
Cardiomyopathy: A Proof-of-Concept Pilot Study” by Sliwa et al, which appeared in the April 6,
2010 issue of the journal (Circulation. 2010;121:1465-1473), there was a misspelling of onc
author’s name. Ingrid Struhman should be spelled Ingrid Struman.
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EART FAILURE IN THE PUERPE-

rium has been recognized

since the 18th century, but

cardiomyopathy was not
identified as its cause until an article by
Gouley et al was published in 1937.
Peripartum cardiomyopathy (PPCM) is
now considered to be a cardiomyop-
athy of unknown cause that occurs in
the peripartum period in women with-
out preexisting heart disease.** Peripar-
tum cardiomyopathy is relatively rare,
but can be devastating, with reported
mortality rates between 18% and 56%.%>
Survivors may not recover completely
and may require heart transplantation.
Even if left ventricular function does re-
turn to normal, exercise tolerance may
remain abnormal and the long-term se-
quelae, including risks of future preg-
nancies, are not knowmn.

In April 1997, the National Heart,
Lung, and Blood Institute (NHLBD) and
the Office of Rare Diseases of the National
Institutes of Health (NIH) convened a
Workshop on Peripartum Cardiomyop-
athy to foster amultidisciplinary review.
Expertsin cardiovascular medicine, ob-

Objective Peripartum cardiomyopathy (PPCMY) is a rare life-threatening cardiomy-
opathy of unknown cause that occurs in the peripartum period in previously healthy
women. In April 1997, the National Heart, Lung, and Blood Institute (NHLBI) and the
Office of Rare Diseases of the National Institutes of Health (NIH) convened a Work-
shop on Peripartum Cardiomyopathy to foster a systematic review of information and
to develop recommendations for research and education.

Participants Fourteen workshop participants were selected by NHLBI staff and rep-
resented cardiovascular medicine, obstetrics, immunology, and pathology. A repre-
sentative subgroup of 8 participants and NHLBI staff formed the writing group for this
article and updated the literature on which the conclusions were based. The work-
shop was an open meeting, consistent with NIH policy.

Evidence Data presented at the workshop were augmented by a MEDLINE search
for English-language articles published from 1966 to July 1999, using the terms peri-
partum cardiomyopathy, cardiomyopathy, and pregnancy. Articles on the epidemi-
ology, pathogenesis, pathophysiology, diagnosis, treatment, and prognosis of PPCM
were included.

Recommendation Process After discussion of data presented, workshop partici-
pants agreed on a standardized definition of PPCM, a general clinical approach, and
the need for a registry to provide an infrastructure for future research.

Conclusions Peripartum cardiomyopathy is a rare lethal disease about which little
is known. Diagnosis is confined to a narrow period and requires echocardiographic
evidence of left ventricular systolic dysfunction. Symptomatic patients should receive
standard therapy for heart failure, managed by a multidisciplinary team. If subse-
quent pregnancies occur, they should be managed in collaboration with a high-risk
perinatal center. Systematic data collection is required to answer important questions
about incidence, treatment, and prognosis.
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stetrics, immunology, and pathology met
to discuss the available information and
make recommendations (alist of partici-
pants appears at the end of this article).
The objectives for the Workshop on
PPCM, modeled on a previous NHLBI
Workshop on Idiopathic Dilated Cardi-
omyopathy,®were to (1) summarize ex-
isting information on PPCM, specifically
its definition, epidemiology, cause, clini-
cal characteristics, treatment, and prog-
nosis; (2) review diagnostic criteriaand
discuss means of differentiating early
symptoms of heart failure from normal
physiological changes associated with
pregnancy, such as tachypneaand fatigue
during the third trimester of pregnancy;
(3) develop recommendations for future
research on PPCM; and (4) discuss edu-
cational measures to increase awareness
of PPCM and thus facilitate prompt di-
agnosis. Arepresentative subgroup of 8
participants and NHLBI staff formed the
writing group for this article and updated
the literature on which the conclusions
were based. The workshop was an open
meeting consistent with NIH policy.

PPCAMA: LITERATURE REVIEW

Data presented at the workshop were
augmented with a MEDLINE litera-
ture search {(English language) for the
years 1966 to July 1999 that included
the terms peripartum cardiomyopathy,
cardiomyopathy, and pregnancy. The lit-
erature search was updated following
the workshop to provide the most
timely references. The bibliographies of
articles identified in this fashion were
searched for additional references, and
the search was further supplemented

Table 1. Definition of Peripartum
Cardiomyopathy

Classic
Development of cardiac failure in the fast month
of pregrancy or within 5 months
of delivery
Absence of an identifiable cause for the
cardiac failure
Absernice of recognizable heart disease prior to
the fast month of pregnancy
Additional
Left ventricular systolic dysfunction
demonstrated by classic
echocardiographic criteria,
such as depressed shortening
fraction or ejection fraction

1184 JAMA, March 1, 2000—Voi 283, No. 9

with articles recommended by work-
shop participants. This review, which
workshop participants felt to be im-
portant because of the reported rarity
of the condition, the consensus that the
condition may be more prevalent than
reported, and because of new data con-
cerning cause, includes the majority of
articles identified through these pro-
cesses covering epidemiology, patho-
genesis, pathophysiology, diagnosis,
treatment, and prognosis of PPCM.

Definition

Peripartum cardiomyopathy is de-
fined on the basis of 4 criteria, adapted
from work by Demakis et al*” and sum-
marized in TABLE 1. The importance of
adhering to the interval from 1 month
before delivery to 5 months postpar-
tum was emphasized to exclude pre-
existing causes of cardiomyopathy that
may be exacerbated by pregnancy rather
than arising as a result of pregnancy.
For example, heart failure occurring
earlier in pregnancy may be caused by
previously unsuspected dilated cardi-
omyopathy unmasked by the hemody-
namic or hormonal stress of preg-
nancy. Peripartum cardiomyopathy is
defined as occuring only in those pa-
tients with no prior history of recog-
nizable heart disease and can be diag-
nosed only in the absence of another
explanation for the cardiomyopathy.

Incidence and Risk Factors

The incidence of PPCM is not known
because population-based estimates are
not available, and the diagnosis of this
rare disease is not always straightfor-
ward. Incidence rates reported in indi-
vidual studies are based on the expe-
rience at a particular institution and
may reflect referral bias as well as in-
dividual practice patterns. Although the
reported incidence rates range from 1
per 1485% to 1 per 15000,° the cur-
rently accepted estimate of incidence is
approximately 1 per 3000 to 1 per 4000
live births, which would translate to be-
tween 1000 and 1300 women affected
each year in the United States.’

Risk factors for PPCM classically
identified in the literature include mul-

tiparity, advanced maternal age, mul-
tifetal pregnancy, preeclampsia and ges-
tational hypertension, and African
American race.? It is unclear whether
race represents an independent risk fac-
tor or whether it is the interaction of
race with hypertension that increases
the risk of PPCM. Until risk factors can
be delineated confidently, it is diffi-
cult to develop recommendations for
screening high-risk populations.

Etiology

Workshop participants concurred that
PPCM is a distinct entity, rather than a
clinically silent underlying cardiomy-
opathy unmasked by the hemody-
namic stresses of pregnancy, because the
reported incidence is higher than the
incidence of idiopathic cardiomyop-
athy,® and because the high frequency
of myocarditis would not be expected
ina population presenting with decom-
pensation of preexisting heart disease
due to hemodynamic stress. However,
reliable data comparing the incidence
of cardiomyopathy in pregnant women
compared with age-matched nonpreg-
nant women are not available. A num-
ber of possible causes have been pro-
posed for PPCM, including myocarditis,
abnormal immune response to preg-
nancy, maladaptive response to the
hemodynamic stresses of pregnancy,
stress-activated cytokines, and pro-
longed tocolysis. In addition, there have
been a few reports of familial PPCM, !
raising the possibility that some cases
of PPCM are actually familial dilated
cardiomyopathy unmasked by preg-
nancy. The key hypotheses are pre-
sented below.

Myocarditis. There is more evi-
dence for myocarditis as a cause of
PPCM than for other purported etiolo-
gies. Melvin and colleagues' first re-
ported myocarditis by endomyocardial
biopsy in 3 consecutive patients with
PPCM. The incidence of myocarditis in
subsequent authors’ series has varied.
The variability is likely due to the in-
clusion of patients outside the ac-
cepted time frame of PPCM, the inher-
ent difficulties in establishing the
diagnosis of myocarditis by endomyo-

“
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cardial biopsy,*'® the variability in the

inclusion of patients with borderline
myocarditis with those with histologic
myocarditis as defined by the Dallas his-
tologic criteria, the potential geo-
graphic variability of patient pepula-
tions affected, and the variable interval
between presentation and the perfor-
mance of the endomyocardial biopsy.
The highest incidence of myocarditis in
PPCM (76%) was reported by Midei and
colleagues.'” This group performed en-
domyocardial biopsies on patients with
symptoms of congestive heart failure at
the time of presentation and included pa-
tients with histologic borderline myo-
carditis as well as those with active myo-
carditis.

The absent or muted immune re-
sponse during pregnancy may allow for
unchecked viral replication and thus
a greater likelihood of myocarditis
in the setting of a viral infection. Stud-
ies in pregnant mice demonstrate en-
hanced susceptibility to viral myo-
carditis due to coxsackieviruses and
echoviruses.’®!* In the near future, elec-
tron micrography combined with mo-
lecular biological techniques should
permit not only identification of viral
particles in myocardium, but also the
putative viruses implicated. The pre-
sumption is that if viral genetic prod-
ucts are evident, the postviral im-
mune response of the patient may have
been inappropriately directed against
otherwise cryptic cardiac tissue pro-
teins, leading to ventricular dysfunc-
tion.

Abnormal Immune Response to
Pregnancy. Several reports have docu-
mented the occurrence of chimerism of
the hematopoietic lineage cells from
the fetus to the mother during preg-
nancy.?*® Itis postulated that fetal cells
may escape into the maternal circula-
tion and remain there without being re-
jected, due to weak immunogenicity of
the paternal haplotype of the chimeric
cells, or to the naturally occurring im-
munosuppressive state of the mother,
ox both. If chimeric hematopoietic cells
take up residence in cardiac tissue dur-
ing the immunosuppressed pregnant
state and, following postpartum recov-

ery of immune competence, are recog-
nized as nonself by the maternal im-
mune system, a pathologic autoimmune
response may be triggered. Prior expo-
sure to paternal major histocompatibil-
ity complex antigens expressed by sper-
matozoa or previous immunization
from prior pregnancies may play a role
in inducing local tissue inflammatory
response. Cytokines and similar sig-
naling molecules are then released, lead-
ing to nonspecific bystander myocyto-
toxicity and myocarditis. The evidence
(TABLE 2) that PPCM is associated with
high titers of autoantibodies against se-
lect cardiac tissue proteins (eg, ad-
enine nucleotide translocator, branched
chain a-keto acid dehydrogenase) sup-
ports abnormal immunologic activity
as a possible cause of PPCM.**
Response to Hemodynamic Stresses
of Pregnancy. During pregnancy, blood
volume (preload) and cardiac output in-
crease and afterload decreases. An echo-
cardiographic assessment of cardiac
hemodynamics in normal pregnan-
cies performed by Geva et al”® demon-
strated a 10% increase in left ventricu-
lar end-diastolic volume, a 45% increase
in cardiac output, and a 26% to 28% de-
crease in end-systolic wall stress, a sen-
sitive measure of myocardial after-
load. In addition, the left ventricle
remodels in response to the hemody-
namics of pregnancy, resulting in tran-
sient hypertrophy. The research by
Geva et al® and other studies® have

Table 2. Serum Levels of Antibodies to Cardiac Muscle Proteins in Patients With Peripartum

PERIPARTUM CARDIOMYOPATHY

shown a reversible decrease in left ven-
tricular systolic function in the sec-
ond and third trimesters that per-
sisted into the early postpartum period,
but returned to baseline shortly there-
after. It is possible that PPCM may be
due, in part, to an exaggeration of this
decrease in systolic function, al-
though there are no data in women sup-
porting this hypothesis.”’

Other Etiologic Factors. Other
causes for PPCM that merit further
study have been suggested and in-
clude the following: (1) prolonged to-
colysis™®®; (2) stress-activated proia-
flammatory cytokines such as tumor
necrosis factor « or interleukin 1 that
have been implicated in the pathophysi-
ology of idiopathic dilated cardiomy-
opathy?®; (3) abnormalities of relaxin,
primarily an ovarian hormone pro-
duced during pregnancy, recently found
in cardiac atria, shown to have posi-
tive inotropic and chronotropic prop-
erties’® and potentially involved in
excessive relaxation of the cardiac skel-
eton; and (4) deficiency of selenium,*
which may make the heart more sus-
ceptible to injury from viral infection,
hypertension, or hypocalcemia.

DIAGNOSIS AND
MANAGEMENT OF PPCM

The diagnosis of PPCM rests on the
echocardiographic identification of new
left ventricular systolic dysfunction dur-
ing a limited period surrounding par-

Cardiomyopathy (CM) and Idiopathic Dilated Cardiomyopathy*

Antibody Titer Levelst
Patient Group ! <1:20 1:20-1:160 >1:160 !
ANT
Idiopathic CM 16/56 (28) 29/56 (52) 11/56 (20)
Peripartum CM 1710 (10) 1/10 (10) 8/10 (80}
BCKD
idiopathic CM 30/56 (53) 21/56 (38) 5/56 (9)
Peripartum CM 0/10 (0) 2/10 (20} 8/10 (80)
Myosin
fdiopathic CM 18/56 (32) 27/56 (48) 11/56 {20
Peripartum CM 1/10 (10) 1710 {10) 8/10 (80)

*A, Ansari, MD, unpublished dats, 1997.

tReciprocal of the highest dilation of serum samples showing reactivity arbitrarily divided into those with low (<1:20),
medium {1:20-1:160), and high (>1:160) titers. ANT indicates adenine nuclectide translocator; BOKD, branched chain
a-keto acid gehycrogenase. Data presented as No./Total (%) of patients in each group.
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turition. This presents a challenge be-
cause many women in the last month
of anormal pregnancy experience dys-
pnea, fatigue, and pedal edema, symp-
toms identical to early congestive heart
failure. Peripartum cardiomyopathy
may, therefore, go unrecognized, lead-
ing to underestimation of incidence.
Symptoms and signs that might raise the
suspicion of heart failure include par-
oxysmal nocturnal dyspnea, chest pain,
cough, neck vein distention, new mur-
murs consistent with atrioventricular
valve regurgitation, and pulmonary
crackles. There are no specific criteria
for differentiating subtle symptoms of
heart failure from normal late preg-
nancy, so it is important that a high in-
dex of suspicion be maintained to iden-
tify the rare case of PPCM.

The diagnosis of PPCM requires ex-
cluding other causes of cardiomyopathy
and is confirmed by standard echocardio-
graphic assessiment of left ventricular sys-
tolic dysfunction, including depressed
fractional shortening and ejection frac-
tion. Strong consideration should be given
to screening family members of PPCM
patients because PPCM may be the forme
fruste of a genetic predisposition to car-
diomyopathy.

In the absence of systematic studies
comparing therapeutic approaches in
PPCM, standard heart failure therapy (di-
uretics, vasodilators, and digoxin®* as
needed) should be initiated. Careful at-
tention must be paid to fetal safety and
to excretion of drug or drug metabolites
during breastfeeding after delivery. Col-
laboration among medical specialists, in-
cluding obstetricians, cardiologists, peri-
natologists, and neonatologists, is essen-
tial. The discussion that follows should
be considered a general guide, rather than
a specific algorithm.

Angiotensin-converting enzyme in-
hibitors are contraindicated during
pregnancy because of teratogenicity, but
should be cousidered a mainstay of
treatment for PPCM after delivery. Safe
alternatives during pregnancy include
hydralazine and nitrates. Calcium chan-
nel blockers can be used during preg-
nancy to control blood pressure (and
decrease uterine contractility), but most

1186 JAMA, March 1, 2000—Voi 283, No. 9

have negative inotropic properties that
may make them unacceptable for use
in this situation. Amlodipine, a dihy-
dropyridine calcium channel blocker,
has been shown to improve survival in
nonischemic cardiomyopathy pa-
tients** and may have a role in man-
agement of PPCM. Plasma levels of
interleukin 6, a proinflammatory cy-
tokine, were reduced among amlo-
dipine recipients in the Prospective
Randomized Amlodipine Survival
Evaluation (PRAISE) trial ** provid-
ing an additional potential rationale for
its use in PPCM.

Second-generation B-adrenorecep-
tor antagouists have beneficial effects
in selected patients with dilated cardi-
omyopathy. Studies of B-adrenorecep-
tor antagonists in patients with con-
gestive heart failure have demonstrated
safety and modest clinical benefit, but
conflicting results regarding sur-
vival.”® Vasodilating 3-blockers such as
carvedilol also reduce afterload through
o, adrenergic blockade. Data from the
US Carvedilol Heart Failure Program
suggest a potential clinical benefit, in-
cluding mortality reduction, in di-
lated cardiomyopathy > These drugs are
not contraindicated in pregnancy, but
as with other agents, there are no data
evaluating their use in PPCM. A rea-
sonable approach would be to use 3-ad-
renoreceptor antagonists in the post-
partum period in patients who continue
to have symptoms and echocardio-
graphic evidence ofleft ventricular com-
promise despite more than 2 weeks of
standard heart failure management.

With mild left ventricular dysfunc-
tion, therapy can be initiated in the out-
patient setting. Patients with severe
heart failure may require hospitaliza-
tion and more aggressive support, in-
chuding intravenous inotropic agents,
oxygen, and invasive monitoring. Pa-
tients with significantly depressed left
ventricular function (ejection fraction
=35%) may benefit from anticoagula-
tion therapy (heparin before delivery,
warfarin afterward) to prevent throm-
bosis and emboli. Arrhythmias should
be treated according to standard pro-
tocols. Immunosuppressive therapy

may be considered in patients with
myocarditis documented by endomyo-
cardial biopsy who fail to improve spon-
taneously within 2 weeks of initiation
of standard heart failure therapy. The
Myocarditis Treatment Trial failed to
demonstrate an overall advantage for
immunosuppressive therapy, but did
not evaluate its merits in women with
PPCM.*" A more recent retrospective
study suggested that women with
PPCM wreated with intravenous im-
mune globulin had a greater improve-
ment in ejection fraction during early
follow-up than patients treated con-
ventionally.”® Women who fail maxi-
mal medical management may be can-
didates for cardiac transplantation. One
study of 10 PPCM patients who under-
went heart transplantation reported
survival comparable to age-matched
women undergoing heart transplanta-
tion for other indications, but noted a
marginally higher rate (P = .05) of bi-
opsy-proven early rejection, necessi-
tating increased cytolytic therapy.®

Salt and water restriction are impor-
tant in patient management, particu-
larly in women with symptoms and
signs of heart failure. Once heart fail-
ure symptoms have been controlled,
modest exercise may improve symp-
toxas as well as peripheral muscular and
arterial tone. The need for early deliv-
ery and the mode of delivery should be
assessed through collaboration with car-
diologists and anesthesiologists. There
is little systematic evidence that in-
fants born to women with PPCM are ad-
versely affected, although one study did
report a premature delivery rate of 21%
in 14 women.*®

PROGNOSIS FOR WOMEN
WiTH PPCAR

The prognosis for women with PPCM
appears to depend on the normaliza-
tion of left ventricular size and func-
tion within 6 months after delivery. in
one study, approximately half of 27
women studied had persistent left ven-
tricular dysfunction. In this group, the
cardiac mortality rate was 85% over 5
years, compared with the group in
whom cardiac size returned to nor-
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mal, who experienced no reported car-
diac mortality in the same time inter-
val.’ A more recent study corroborates
these results: 50% (7/14) of patients had
dramatic improvement soon after de-
livery, but 6 of the 7 remaining pa-
tients died.” Survivors were found to
have a higher mean ejection fraction
(23% vs 11%) and smaller mean left
ventricular cavity size (5.8 vs 6.9 cm)
at diagnosis.

Currently, there is no consensus re-
garding recommendations for future
pregnancy after PPCM. Patients whose
left ventricular size or function does not
return to normal should be counseled
strougly to avoid subsequent preg-
nancy” and treated accordingly, includ-
ing adopting a heart-healthy diet and
lifestyle. Patients whose cardiomyop-
athy apparently resolves completely are
amore difficult group to counsel. In the
long-term follow-up study reported by
Demakis et al,® 8 of 14 patients whose
heart size returned to normal after the
first episode of PPCM had subsequent
pregnancies. Of the 8 patients, 2 de-
veloped PPCM with subsequent preg-
nancies. Sutton and colleagues*! re-
ported normal subsequent pregnancies
and normal left ventricular function (by
echocardiography) in 4 women whose
heart size returned to normal after
PPCM in a prior pregnancy. Because
PPCM has been associated with mul-
tiparity in some studies, the risk of ir-
reversible cardiac damage may in-
crease with each subsequent pregnancy.
In addition, even though the left ven-
tricular size and function return to nor-
mal, there is evidence that contractile
reserve is impaired,* and recurrence of
PPCM despite rapid return of heart size
and function to normal in the prior af-
fected pregnancy has been reported.”
Therefore, subsequent pregnancies, if
they cannot be avoided, should be man-
aged in collaboration with a high-risk
perinatal center.

SUMAMARY AND
RECOMMENDATIONS

Peripartum cardiomyopathy is a rare
disease of unknown cause that strikes
women in the childbearing years, may

recur, and is associated with a high mor-
tality rate. Hypotheses about the cause
center on interactions of peripartum
physiology with infectious, inflamma-
tory, genetic, hormonal, or metabolic
tactors. Diagnosis of PPCM is challeng-
ing and requires vigilance. Once PPCM
is identified based on the workshop cri-
teria, the primary goal of therapy is to
alleviate symptoms of congestive heart
failure. If left ventricular size returns to
normal after pregnancy, the short-
term prognosis is likely to be favor-
able, although long-term sequelae, par-
ticularly with repeat pregnancy, still are
not known. Failure of heart size to re-
turn to normal is associated with ex-
cess morbidity and mortality.

Based on the information presented
at the workshop and on the identified
gaps in knowledge, participants made
the following clinical and research rec-
ommendations:

o Adherence to the criteria in Table
1, especially the timing and the neces-
sity for echocardiographic demonstra-
tion of left ventricular systolic dysfunc-
tion, is important in making the
diagnosis of PPCM.

» Once the diagnosis is made, close
collaboration between specialists in ob-
stetrics, perinatology, and cardiology is
essential. If the diagnosis is made be-
fore birth, the team should include an-
esthesiology and neonatology as well,
and transfer to a high-risk perinatal cen-
ter should be considered.

e For affected patients, family his-
tory may be revealing and should be
elicited.

» Therapy should be initiated us-
ing standard heart failure protocols. An-
giotensin-converting enzyme inhibi-
tors should be avoided prenatally, but
are a mainstay of therapy otherwise.

¢ Immunosuppressive therapy can
be considered if an endomyocardial bi-
opsy indicates myocarditis, and if there
is no improvement after 2 weeks of
standard heart failure therapy.

» Subsequent pregnancies remain
controversial, but at the very least
should be managed in a high-risk
perinatal center if they cannot be
avoided.

SO0 American Medical Associatim. Al rights reserved.
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Workshop participauts also made rec-
ommendations about the need for addi-
tional research and dissemination of in-
formation: ‘

e Aninternational registry should be
established to capture prospectively all
women with PPCM to facilitate the
following: (1) development of better in-
cidence and prevalence estimates, (2)
determination of risk factors and prognos-
tic variables, (3) ascertainient of cardio-
vascular risks for subsequent pregnancies,
(4) establishment of a centralized serum
and tissue bank to help facilitate identi-
fication of the cause of PPCM, and (5)
evaluation of therapeutic interventions.

¢ A review of current knowledge
about PPCM should be prepared for
publication. This article fulfills that rec-
ommendation.

¢ Because PPCM is an under-rec-
ognized obstetrical problem, an edu-
cational brochure should be prepared
for broad dissemination to individuals
involved in the care of women of child-
bearing age.

Participants, Peripartum Cardiomyopathy Work-
shop, April 14, 1997: Judith Hsia, MD3, Chair, George
Washington University School of Medicine and Health
Sciences, Washington, DC; Aftab Ansari, MD, Emory
University School of Medicine, Atlanta, Ga; Susanne
L. Bathgate, MD, George Washington University
School of Medicine and Health Sciences; Kenneth L.
Baughman, MD, Johns Hopkins University School of
Medicine, Baltimore, Md; Gautam Chaudhur, MD,
PhD, University of California, Los Angeles School of
Medicine; Heidi M. Connolly, MD, Mayo Graduate
School of Medicine, Rochester, Minn; Maria Rosa Cos-
tanzo, MD, Rush-Presbyterian-St Luke’s Medical Cen-
ter, Chicago, Ill; Judith Hibbard, MD, University of Chi-
cago, Chicago, lll; David Homans, MD, University of
Minnesota Medical School, Minneapolis; Jeffrey D. Ho-
senpud, MD, Medical College of Wisconsin, Milwau-
kee; Celia M. Oakley. MD, imperial College Medical
School, London, England; Shahbudin Rahimtoola, MD,
University of Southern California, Los Angeles; Jean-
Claude Veille, MD, 8owman Gray School of Medi-
cine, Winston-Salem, NC; and Renu Virmani, MD,
Armed Forces Institute of Pathology, Washington, DC.
National Heart, Lung, and Blood Institute Staff:
Gail D. Pearson, MD, ScD, Constance Weinstein, PhD.
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Introduction caused by aggravation of an underlying idiopathic dilated cardio-

¢ myopathy (IDCM) by pregnancy-mediated volume overload.
Heart failure (HF) in the puerperium was recognized as early asthe | Haemodynamic stresses reach their peak just before delivery and
nineteenth century.! Peripartum cardiomyopathy (PPCM) is not . volume load is greatly reduced after delivery, which is when
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PPCM often presents. Instead, it is now widely accepted that PPCM
is distinct from other types of HF.* although the cardiac phenotype
of PPCM resembles that of a DCM. The clinical course, however, is
highly variable and rapid progression to end-stage HF may occur,
often within a few days.*> On the other hand, spontaneous and
complete recovery of ventricular function may also occur. Both
features are unusual in other forms of cardiomyopathy.*®

Definition and epidemiology

Peripartum  cardiomyopathy has been variably defined
(Table 1).% The definition of the Workshop held by the National
Heart Lung and Blood Institute and the Office of Rare Diseases
(2000) states that it must develop during the last month of preg-
nancy or within 5 months of delivery. We believe that this time
frame along with echocardiographic cut-offs are arbitrary and
may lead to under-diagnosis of PPCM. We propose the foltowing
simplified definition:

‘Peripartum cardiomyopathy is an idiopathic cardiomyopathy
presenting with HF secondary to left ventricutar (LV) systolic dys-
function towards the end of pregnancy or in the months following
delivery, where no other cause of HF is found. It is a diagnosis of
exclusion. The LV may not be dilated but the ejection fraction (EF)
is nearly always reduced below 45%’.

Incidence

Very little is known about the incidence of PPCM (Table 2).58-1*
Most studies have been conducted in the USA, South Africa, or
Haiti with few from the rest of the world, including Europe. The
studies that have been performed were mostly single-centre case
series. From the available literature, the incidence of PPCM
appears to be around 1 in 2500-4000 in the USA, 1 in 1000 in
South Africa, and 1 in 300 in Haiti (Table 2). Prospective,
population-based, well-conducted, epidemiological studies are
required.

Pathophysiology

The precise mechanisms that lead to PPCM remain ill-defined, but
a number of contributing factors have received attention. These
include general risk factors for cardiovascular disease (such as
hypertension, diabetes, and smoking) and pregnancy-related
factors (such as age, number of pregnancies, number of children
born, use of medication facilitating birth, and malnutrition)."?

Prolactin, 16 kDa prolactin, and
cathepsin D

Recent data suggest involvement of a cascade involving oxidative
stress, the prolactin-cleaving protease cathepsin D, and the
nursing-hormone prolactin, in the pathophysiology of PPCM. Oxi-
dative stress appears to be a trigger that activates cathepsin D in
cardiomyocytes and cathepsin D, subsequently, cleaves prolactin
into an angiostatic and pro-apoptotic subfragment.® Patients with
acute PPCM have increased serum levels of oxidized low-density
lipoprotein, indicative of enhanced systemic oxidative stress, as
well as increased serum levels of activated cathepsin D, total pro-
lactin, and the cleaved, angiostatic, 16 kDa prolactin fragment.

In a mouse model, the 16 kDa prolactin fragment has potentially
detrimental cardiovascular actions that could play a pathophysiolo-
gical role in PPCM. It inhibits endothelial cell proliferation and
migration, induces endothelial cell apoptosis and disrupts already
formed capillary structures. This form of prolactin also promotes
vasoconstriction® and impairs cardiomyocyte function.? Consistent
with the idea that 16 kDa prolactin-mediated apoptosis may con-
tribute to the pathogenesis of PPCM, pro-apoptotic serum
markers (e.g. soluble death receptor sFas/Apo-1) are increased
in PPCM patients and are predictive of impaired functional status
and mortality.'>**

In this regard, an efficient antioxidant defence mechanism in the
maternal heart, late in pregnancy and the post-partum period,
seem crucial as markers of cellular oxidation rise during pregnancy,
culminating in the last trimester (as part of normal
pregnancy-refated physiology).”® Experimental data in a mouse
model of PPCM (i.e. mice with a cardiomyocyte-restricted deletion
of the signal transducer and activator of transcription-3, STAT3)
suggest that defective antioxidant defence mechanisms may be
responsible for the development of PPCM.}

Furthermore, a key functional role of an activated oxidative
stress—cathepsin D—16 kDa prolactin cascade in PPCM is strongly
supported by the observation that suppression of the production
of prolactin by the dopamine D, receptor agonist, bromocriptine,
prevented the onset of PPCM in the mouse model of PPCM.?

Preliminary reports of the possible clinical effects of bromocrip-
tine in patients with acute PPCM are discussed below. "6~

Other putative pathophysiological
mechanisms

inflammation

In addition to oxidative stress, inflammation may play a role in the
pathophysiology of PPCM. Serum markers of inflammation [includ-
ing the soluble death receptor sFas/Apo-1, C-reactive protein,
interferon gamma (IFN-y), and IL-6] are elevated in patients with
PPCM.>'3"*% This mechanism is underscored by the apparent
clinical benefit of the anti-inflammatory agent pentoxifylline in a
non-randomized trial in 58 patients with PPCM.20 Furthermore,
that failure to improve is clinically associated with persistently elev-
ated IFN-y suggests that inflammatory status is important in the
prognosis of patients with PPCM.**

Viruses

Viral infection of the heart is another possible cause of peripartum
inflammation, although clinical data are far from conclusive.
Although some reports have implicated cardiotropic enteroviruses
in PPCM, %' others have not found a higher frequency of viral
infections in patients with PPCM than in those with IDCM.**
Human immunodeficiency virus infection does not seem to be
implicated in PPCM.%!

Autoimmune system

In addition, autoimmune responses may play a role in the patho-
physiology of PPCM. For example, serum derived from PPCM
patients affects in vitro maturation of dendritic cells differently
than serum from healthy post-partum women.”® High titres of
auto-antibodies against selected cardiac tissue proteins have
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