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Abstract
Background—Whether myocardial recovery occurs more frequently in peripartum
cardiomyopathy (PPCM), than in recent onset cardiomyopathies in men and non-peripartum
women has not been prospectively evaluated. This was examined through an analysis of outcomes
in the Intervention in Myocarditis and Acute Cardiomyopathy 2 (IMAC2) registry.

Methods and Results—IMAC 2 enrolled 373 subjects with recent onset non-ischemic dilated
cardiomyopathy. LVEF was assessed at entry and six months, and subjects followed for up to 4
years. Myocardial recovery was compared between men (group1), non-peripartum women (group
2) and subjects with PPCM (group 3).

The cohort included 230 subjects in group 1, 104 in group 2, and 39 in group 3. The mean LVEF
at baseline in groups 1, 2, and 3 was 0.23±0.08, 0.24±0.08, and 0.27±0.07 (p=0.04), and at six
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months was 0.39±0.12, 0.42±0.11, and 0.45±0.14 (p=0.007). Subjects in group 3 had a much
greater likelihood of achieving an LVEF >0.50 at 6 months than groups 1 or 2 (19 %, 34%, and
48% respectively, p=0.002).

Conclusions—Prospective evaluation confirms myocardial recovery is greatest in women with
PPCM, poorest in men, and intermediate in non-peripartum women. On contemporary therapy,
nearly half of women with PPCM normalize cardiac function by six months.

Introduction
Peripartum cardiomyopathy (PPCM) is a form of idiopathic dilated cardiomyopathy (DCM)
that presents in women in the in the latter part of pregnancy or the first several months post
partum(1, 2). PPCM is a rare complication of pregnancy affecting 1:3,189 live births (3) in
the United States, but remains a major cause of maternal morbidity with mortality in
published series ranging from 2% to 27% (4, 5, 6, 7). Outcomes in PPCM vary widely and
significant recovery of ventricular function occurs in up to 50% of affected women on
contemporary therapy (8). Myocardial recovery can occur in all forms of recent onset non-
ischemic cardiomyopathy; whether the degree of recovery in PPCM is greater than in non-
peripartum women or in men with new onset cardiomyopathy has not been prospectively
evaluated. In addition, while factors such as race, hypertension, maternal age and parity
appear to impact the risk of PPCM no prospective studies have evaluated their impact on
recovery for women presenting with PPCM.

The Intervention in Myocarditis and Acute Cardiomyoathy-2 (IMAC2) registry was an
NHLBI funded prospective multicenter investigation of clinical and biologic predictors of
outcomes for subjects with the recent onset of non-ischemic cardiomyopathy (ROCM). We
compared the recovery of myocardial function in subjects with PPCM in the IMAC2
registry, to that seen in non-peripartum women and men with ROCM.

Methods
IMAC2 (Intervention in Myocarditis and Acute Cardiomyopathy 2) was a prospective
multicenter investigation of myocardial recovery in subjects with recent onset (“acute”) non-
ischemic dilated cardiomyopathy and myocarditis enrolled at 16 centers (Appendix) from
May 2002 through December 2008. All subjects had an LVEF ≤0.40 by echocardiography,
less than six months of symptoms, and a clinical evaluation consistent with idiopathic
cardiomyopathy or acute myocarditis. All subjects defined as PPCM presented with
symptoms in the last month of pregnancy or the first 5 months post partum, however they
could be enrolled in the registry more than 5 months post partum as long as they were within
6 months of the onset of symptoms.

Demographic information included self designated race (white, black, Asian, other). A
detailed family history was taken from all subjects. Those with a history of idiopathic dilated
cardiomyopathy in a primary relative (sibling, parent or child) were excluded from
enrollment by protocol. As recovery specifically in peripartum cardiomyopathy was a
planned sub-study, a detailed pregnancy history was taken from all women enrolled.
Subjects underwent angiography or non-invasive assessment to exclude coronary artery
disease, and transthoracic echocardiogram to rule out significant valvular disease. Patients
with significant diabetes (requiring therapy with insulin or an oral agent for more than one
year), and uncontrolled hypertension (diastolic greater than 95 mmHg or systolic > 160
mmHg) were excluded. Right ventricular endomyocardial biopsy was not required based on
current practice guidelines (9, 10).
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Subjects were evaluated at 1 month and 6 months post enrollment, and followed at six
month interval for up to 48 months. Left ventricular ejection fraction (LVEF) was assessed
by transthoracic echocardiogram at enrollment and reassessed at six months. The occurrence
of hospitalization, cardiac transplantation, or death was noted. The etiology of all deaths and
hospitalizations were adjudicated by an independent events committee. The primary
outcome was change in LVEF from baseline to 6 months measured by a core
echocardiography laboratory. Secondary outcomes included transplant free survival and
survival free from heart failure hospitalization.

Echocardiograms
Echocardiographic studies were reviewed in a blinded fashion by a core laboratory at the
University of Pittsburgh. Digital routine grayscale 2-dimensional cine loops were obtained
at frame rates of 40 to 90 Hz (mean 60 ± 15 Hz) from standard apical 4-chamber, 2-
chamber, and long-axis views, at a depth of 12 to 20 cm during apnea for grayscale imaging.
Sector width was optimized to allow for complete myocardial visualization while
maximizing frame rate. Gain settings were adjusted for routine clinical grayscale 2-
dimensional imaging to optimize endocardial definition. The images were then exported to a
personal computer and analyzed offline with customized software. The LV volumes and EF
were assessed by biplane Simpson’s rule using manual tracing of digital images. Left
ventricular end diastolic dimension (LVEDD) was assessed in the parasternal long axis
view.

Statistical Analysis
Subjects enrolled in IMAC were classified for analysis as men (group 1), non-peripartum
women (group 2), and PPCM (group 3). Demographic and clinical characteristics were
compared using Student t tests for continuous variables and Fisher’s exact test for
categorical variables. Baseline LVEF, six month EF and change in LVEF were compared
among the three groups. Given differences in baseline values, the 6 month LVEF was
compared for the three groups by analysis of covariance (ANCOVA) in a model which
controlled for age and baseline LVEF. In addition, within the group with PPCM the impact
of medical therapy, parity, and race were evaluated. In order to evaluate the impact of time
to presentation (post partum), the recovery of women with PPCM enrolled within 8 weeks
post partum was compared to women enrolled more 8 weeks after delivery. The impact of
age, as well as diastolic and systolic hypertension, on myocardial recovery was analyzed
through a comparison based on median values. For parity, women with multiple pregnancies
were compared with those with one pregnancy. For race analysis within PPCM, LVEF at
entry, 6 months and change in EF were compared between black and non-black
(predominantly white) subjects.

Outcomes analysis evaluated absolute survival and survival free from hospitalization for
heart failure. The Kaplan-Meier method was used to estimate event-free survival overall and
stratified by group (men, non-PPCM women, and PPCM). Survival curves were compared
by use of the log-rank test.

Results
Cohort

The IMAC cohort of 373 subjects included 230 men in group 1, 104 women in group 2, and
39 women group 3. The clinical characteristics and medical therapy at entry are listed in
Table 1. The mean age was younger in group 3 than 1 and 2, with a borderline trend toward
more black subjects (% black groups 1/2/3=19/21/36, p=0.06). Medical therapy, heart rate,
diastolic and systolic blood pressure and NYHA class were comparable in all 3 groups.
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Subjects in group 3 were less likely to have an implantable cardiac defibrillator (ICD) at
entry (% ICD groups 1/2/3= 10/5/0, p=0.04). The increased use of ICDs in groups 1 and 2
did not reflect more chronic disease as symptom duration was similar in all three groups
(table 1).

Left Ventricular Function and Myocardial Recovery
Overall LVEF for all subjects in the IMAC cohort was 0.24 ±0.08 at baseline and 0.40±0.12
at 6 months, with a mean increase of 0.17±0.13. LVEF was highest in group 3 both at entry
(LVEF at entry groups 1/2/3=0.23±0.08/ 0.24±0.08/0.27±0.07, p=0.04), and at six months
(LVEF 6 months 1/2/3=0.39±0.12 /0.42±0.11/ 0.45±0.14; p=0.007, figure 1). When
controlling for baseline LVEF and age, the LVEF at 6 months remained significantly higher
in group 3 subjects (p=0.018). The change in LVEF was similar in all groups but tended to
be higher in group 3 (ΔLVEF groups 1/2/3=0.16±0.12/ 0.18±0.13/0.19±0.13, p=0.21). The
percent of subjects achieving an LVEF ≥ 0.50 was greatest in group 3 (% EF ≥ 0.50 groups
1/2/3= 19/34/48, p=0.002, figure 2). In contrast, the percent of subjects left with a
significant cardiomyopathy (LVEF < 30) was similar in all three groups (% EF <0.30 groups
1/2/3= 22/16/18, p=0.41).

Time post partum to enrollment and Myocardial Recovery for women with PPCM
Women with PPCM in IMAC2 were enrolled an average of 77± 63 days post partum
(median 56, range 9 to 231, Figure 3). The baseline LVEF, 6 month LVEF and increase in
LVEF in subjects presenting early (≤ 60 days post partum, n=21) was similar to those
presenting after 60 days (baseline LVEF subjects presenting ≤ 60 days/ > 60 days=
0.28±0.06 / 0.26±0.08, p=0.11; 6 month LVEF = 0.47± 0.14 / 0.42±0.14, p=0.28; ΔLVEF =
0.18± 0.13 / 0.19±0.14, p=0.87). However, for women presenting more than 120 days post
partum (n=8), LVEF at 6 months was significant lower with a trend toward a lower ΔLVEF
(baseline LVEF subjects presenting ≤ 120 days/ > 120 days= 0.27± 0.07/ 0.25±0.07, p=0.60;
LVEF at 6 months = 0.48±0.12/ 0.32±0.16, p=0.01; ΔLVEF= 0.20±0.13/ 0.11±0.12,
p=0.17, Figure 4A).

Clinical Characteristics and Recovery in PPCM
In terms of clinical predictors, younger women (age 30 or less) presented with more severe
LV dysfunction (LVEF at entry age ≤ 30 / > 30) = 0.23±0.07/0.30±0.06, p=0.001).
However, no difference was evident by 6 months 0.43±0.17/ 0.46±0.12, p=0.47) as the
improvement in LVEF tended to be greater in younger subjects (ΔLVEF age <30/
>30=0.22±0.15 / 0.17±0.12, p=0.26). For race, LVEF at entry (white/black=0.28±0.08/
0.25±0.07), LVEF at 6 months (white/black=0.47±0.13/ 0.39±0.15) and increase in
LVEF=0.21±0.13/ 0.14±0.13, figure 4B) all tended to be lower among blacks, but failed to
reach significance. Significant myocardial recovery (LVEF ≥0.50) at 6 months was evident
in 56% of whites, but only 30% of black subjects. Heart rate, diastolic BP, systolic BP at
entry, maternal age and multi-parity had no impact on either 6 month LVEF or ΔLVEF.

Outcomes and PPCM
Overall survival was better in women than men (1/3 year % survival women versus
men=100/100 versus 97/92, p=0.01) as no deaths were evident among women (with or
without PPCM) during the course of follow up (mean follow up 781±516 days). For survival
free from heart failure hospitalization, there was a trend towards better event free survival in
women (1/3 year % event free survival women versus men= 90/84 versus 87/78, p=0.11) but
no difference was evident among PPCM and non PPCM women.
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Discussion
IMAC2 is the first investigation to prospectively compare outcomes in PPCM with other
forms of recent onset non-ischemic cardiomyopathy. At both enrollment and six month
follow up, subjects with PPCM had significantly higher mean values for LVEF than the
subset of men with recent onset cardiomyopathy. The mean values for non-peripartum
women were intermediate, suggesting that part of the greater recovery in PPCM may be
related to female gender. This study also investigated the influence of PPCM risk factors
such as race and blood pressure on subsequent recovery, and found that while recovery
appears to be less evident in black subjects, blood pressure, maternal age and multi-parity
had little impact on the degree of recovery achieved.

The percentage of women with PPCM achieving an LVEF of ≥0.50 at 6 months was far
greater in peripartum women than in either non peripartum women or men. However, the
percentage with significant cardiomyopathy at 6 months (LVEF<0.30) did not differ
between groups. Indeed, in the PPCM cohort the LVEF 6 months after presentation
appeared to have a bimodal distribution, with a majority of patients having marked recovery
but a significant minority having persistent severe LV dysfunction. While an autoimmune
pathogenesis has long been suspected for PPCM (11), the question remains whether women
with persistent cardiomyopathy have a more severe irreversible injury or represent a
completely different etiology such as a “latent” cardiomyopathy brought out by pregnancy.
Recent investigation in large cohorts of familial dilated cardiomyopathy reveals that genetic
etiologies may indeed be identified in a substantial fraction of women presenting with
PPCM (12, 13, 14).

The incidence of PPCM varies throughout the world with an incidence observed in Africa
and Haiti (15, 16) significantly higher than the incidence observed in the United States.
Within the United States, African-American women have an estimated 15.7 fold higher risk
of developing PPCM than non- African-American women (17). While the differences by
race in the current study failed to reach significance, the trends toward lower LVEF and less
recovery in blacks were consistent with previous reports of poorer outcomes in black women
with PPCM compared to whites (17, 18). In terms of other risk factors for PPCM neither
systolic nor diastolic pressure at presentation was linked to recovery. In a similar fashion
multi-parity and higher maternal age also did not affect outcome.

Treatment with beta blockers may assist improvements in LVEF in other forms of non-
ischemic cardiomyopathy and may be partially responsible for the excellent recovery noted
in the current report. In the absence of an appropriate control group, the current investigation
can not address whether medical therapy facilitates recovery in PPCM. In addition, whether
the lower degree of recovery in black subjects represents differences in genetic background
or a decreased responsiveness to pharmacologic therapy cannot be determined.

The IMAC2 registry was limited by the small number of peripartum subjects, which
diminished the ability to fully evaluate the prognostic impact of traditional risk factors. In
addition, at enrollment PPCM subjects in IMAC2 were on average more than 2 months
postpartum, by which time significant recovery may have already occurred. However this
delay would be unlikely to affect the comparison with men and non-peripartum women, for
while it is more difficult in these subjects to pinpoint the initiation of the disorder, they
likely had similar delays from presentation to enrollment. Finally, enrollment of PPCM
subjects was not equal across all centers and we cannot exclude an ascertainment bias in this
registry. A subsequent NHLBI funded investigation of myocardial recovery specifically in
PPCM, Investigations in Pregnancy Associated Cardiomyopathy (IPAC), was initiated at 30
North American centers in 2010 and is currently underway.
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Recently, inhibition of prolactin secretion with bromocriptine has been reported to facilitate
recovery in both murine models of PPCM and in clinical reports (19, 20, 21). The degree of
spontaneous recovery evident in the IMAC registry demonstrates that anecdotal reports of
treatments linked to recovery must be interpreted with caution (22, 23). While the recovery
evident is encouraging, the persistence of severe cardiomyopathy in a significant fraction of
women warrants further investigation, and demonstrates the need for novel strategies to both
delineate and treat women with PPCM destined for poor outcomes on conventional therapy.
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Figure 1. LVEF at baseline 6 months and change in LVEF by Group: Men, non-PPCM Women,
and PPCM
Label on each bar represents mean LVEF for the subset. Error bar represents standard
deviation. LVEF significantly greater in PPCM at baseline (p=0.04) and 6 month (p=0.007)
with a trend toward greater ΔLVEF, with men at all point having the lowest mean LVEF
and non–PPCM women being intermediate.
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Figure 2. Distribution of values for LVEF and 6 months by Group: Men, non-PPCM Women,
and PPCM
Percent of subjects with LVEF≥0.50 greatest in PPCM (p=0.002), However similar
percentage in all groups with LVEF less than 0.30 at 6 months.
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Figure 3. Time post partum
Timing of enrollment (months post partum) for women with PPCM. Majority enrolled
within 2 months post partum.
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Figure 4. Myocardial Recovery in PPCM women
A. Comparison by time to enrollment: Subjects enrolled late (>120 days post partum,
n=8) compared with those enrolled less than 120 days (n=31). LVEF at 6 months
significantly lower in those enrolled late (p=0.01).
B. Comparison by race: black subjects (n=14) versus white (n=25). Mean values for LVEF
at baseline, LVEF at 6 months and change in LVEF all tend to be lower in black subset
however no significant differences.
Note: Label on each bar represents mean LVEF for the subset. Error bar represents standard
deviation.

Cooper et al. Page 12

J Card Fail. Author manuscript; available in PMC 2013 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cooper et al. Page 13

Ta
bl

e 
1

C
lin

ic
al

 C
ha

ra
ct

er
is

tic
s 

an
d 

M
ed

ic
al

 T
he

ra
py

 a
t e

nt
ry

A
ll

(n
=3

73
)

M
en

(n
=2

30
)

W
om

en
N

on
-P

P
C

M
(n

=1
04

)

P
P

C
M

(n
=3

9)
P

 v
al

ue

A
ge

45
±

14
46

±
14

47
±

13
30

±
7

0.
00

1

R
ac

e:
 %

 b
la

ck
21

19
21

36
0.

06

H
R

83
±

17
83

±
17

81
±

15
86

±
19

0.
30

B
Ps

ys
11

1±
20

11
2±

21
11

0±
19

11
0±

18
0.

53

B
Pd

ia
71

±
13

71
±

13
70

±
12

72
±

14
0.

76

N
Y

H
A

 (
%

 3
–4

)
35

34
40

31
0.

45

M
on

th
s 

on
se

t o
f 

sy
m

pt
om

s
2.

2±
1.

7
2.

1±
1.

6
2.

5±
1.

8
2.

0±
1.

7
0.

14

L
V

E
F

0.
24

±
0.

08
0.

23
±

0.
08

0.
24

±
0.

08
0.

27
±

0.
07

0.
04

A
C

E
I 

%
82

84
76

87
0.

12

A
R

B
%

9
10

12
0

0.
07

B
et

a 
B

lo
ck

er
 %

82
81

84
85

0.
75

A
ld

o 
R

B
 %

27
29

29
13

0.
11

D
iu

re
tic

s
20

72
64

74
0.

25

%
 I

C
D

8
10

5
0

0.
04

L
eg

en
d:

 B
P 

sy
s:

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e;

 B
P 

di
a:

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e;
 N

Y
H

A
: N

ew
 Y

or
k 

H
ea

rt
 A

ss
oc

ia
tio

n;
 A

C
E

I:
 A

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e 
in

hi
bi

to
r;

 A
R

B
: a

ng
io

te
ns

in
 r

ec
ep

to
r 

bl
oc

ke
r;

A
ld

oR
B

: a
ld

os
te

ro
ne

 r
ec

ep
to

r 
bl

oc
ke

r;
 I

C
D

: i
m

pl
an

ta
bl

e 
ca

rd
ia

c 
de

fi
br

ill
at

or

J Card Fail. Author manuscript; available in PMC 2013 January 01.


