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Abstract:

Background:

Prior  studies of  Peripartum Cardiomyopathy (PPCM) are limited by short-term follow-up.  Contemporary long-term outcomes and change in
myocardial function over time are poorly characterized.

Methods and Results:

This retrospective cohort study included women with PPCM at the University of Michigan (2000-2011), with follow-up on March 31, 2017.
Subsequent pregnancies were excluded. Recovery was sustained left ventricular Ejection Fraction (EF) ≥55%. Major Adverse Events (MAE)
included death, cardiac transplantation, left ventricular assist device, or inotrope-dependence. A total of 59 women were included (mean [SD] age
at diagnosis, 29.5 [6.8]; 28.8% Black), with a mean follow-up of 6.3 years. Recovery occurred in 22 women (37%); of these, 8 women (36%) had
delayed recovery (>12 months). All cause mortality was 20% (12/59) with median survival 4.2 years; of these, 9 women (75%) died after the first
year (range 2 - 10 years). MAE occurred in 19 women (32%); of these, 11 women (42%) had MAE >12 months from time of diagnosis (range 2-20
years).  Deterioration  in  EF  by  >10%  from  the  time  of  diagnosis  occurred  in  16  women  (27%).  This  group  had  worse  long-term  outcomes,
including lower final EF (mean 25 vs 42%, p=0.010), less recovery (12 vs 46%, p=0.016), and higher rates of death (38 vs 14%, p=0.046) and
MAE (56 vs 23%, p=0.016).

Conclusion:

Women with PPCM have long-term risks of mortality, MAE, and subsequent decline in EF, even in the absence of a subsequent pregnancy.
Deterioration in EF is associated with adverse events; thus, long-term management is important.

Keywords: Peripartum cardiomyopathy, Women, Non-ischemic cardiomyopathy, Outcomes, Post-partum cardiomyopathy, Pregnancy-associated
cardiomyopathy.
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1. INTRODUCTION

Peripartum Cardiomyopathy (PPCM) is a distinct cause of
heart failure that can have devastating consequences in young,
previously  healthy  women.  PPCM  causes  Left  Ventricular
(LV) systolic dysfunction towards the end of pregnancy or in
the  months  after  delivery  in  the  absence  of  other  forms  of
cardiac  disease  or  reasons  for  heart  failure  [1].  While  some
women recover, others have  persistent  LV dysfunction  and
 may  suffer  adverse  cardiac  events.  Significant  variation in
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reported  rates of mortality and recovery exist, and studies are
often  limited  by  small  sample  sizes,  short  follow-up,  non-
contemporary era treatment, or reliance on inpatient discharge
level databases [2 - 9].

Early  studies  suggested  that  recovery  frequently  occurs
within  the  first  6  months  [10,  11],  but  studies  with  longer
follow-up  found  that  delayed  recovery  can  occur  beyond  12
months  or  even  several  years  after  diagnosis  [12,  13].
However, little is known about whether delayed deterioration
in LV Ejection Fraction (EF) occurs over time, particularly in
the  absence  of  a  subsequent  pregnancy.  While  prior  studies
have demonstrated the risk of relapse and deterioration during
a subsequent pregnancy [14], the long-term outcomes among
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patients without a subsequent pregnancy have not been well-
studied.  The  Investigations  of  Pregnancy-Associated  Cardio-
myopathy (IPAC) prospectively studied outcomes at 6-months
and 1-year among 100 women with PPCM [4]; however, long-
term outcomes remain poorly understood. A small retrospec-
tive cohort study with mean follow-up of 29 months suggested
that women with PPCM and recovered cardiac function did not
decompensate even after  withdrawal of heart  failure medica-
tion [5], but further studies of long-term outcomes are needed.

We sought to determine the long-term outcomes of women
with PPCM and to analyze the pattern of myocardial function
measured by EF over time. Furthermore, we identified a cohort
with subsequent deterioration in EF and we analyzed the risk
factors  associated  with  deterioration  and  differences  in  their
outcomes.

2. MATERIALS AND METHODS

This  was  a  retrospective  cohort  study  conducted  at  the
University  of  Michigan  Health  System,  a  large  tertiary  care
academic center, where high-risk pregnancy services and adva-
nced  heart  failure  therapies  are  available.  Approval  was
obtained from the University of Michigan Institutional Review
Board. Patients 18 years of age or older were identified using
diagnostic  codes  for  PPCM  (International  Classification  of
Diseases, Ninth Revision code 674.5x) from January 1, 2000,
to  December  31,  2011.  Each  medical  chart  was  thoroughly
reviewed until March 31, 2017. Patients were included if they
met  previously  defined  diagnostic  criteria  for  PPCM  [1].
Patients were excluded if they had another identifiable cause of
heart failure, such as congenital or valvular disease, cardiotoxic
chemotherapy, viral myocarditis or drug-induced cardiomyo-
pathy. Patients were also excluded if they had recent drug use,
recent  febrile  illness,  insufficient  medical  information  or
follow-up,  or  lack  of  confirmatory  echocardiographic  data.
Since deterioration in LV function is a well-recognized compli-
cation that can occur during a subsequent pregnancy [14], all
data  from  subsequent  pregnancies  were  excluded  in  this
analysis;  therefore,  our  results  reflect  the  natural  history  of
PPCM  without  including  the  incidence  of  LV  deterioration
during a subsequent pregnancy. In the event that a woman had
a  subsequent  pregnancy,  the  final  EF  prior  to  the  next  preg-
nancy was taken as the final measurement and no further data
was collected for these patients.

Major  Adverse  Events  (MAE)  were  defined  as  death,
cardiac transplantation, left ventricular assist device (LVAD),
or inotrope-dependence. Inotrope-dependence was defined as
end-of-life treatment in which women who were not candidates
for advanced therapy, such as LVAD or heart transplantation,
were palliated with continuous inotrope infusion (i.e. milrinone
that  could  be  infused  continuously  at  home).  Recovery  was
defined as EF ≥55% at the conclusion of follow-up. Some prior
studies have used EF ≥50% [11, 15 - 17], but the higher cut-off
may be a more reliable echocardiographic standard of recovery
and,  moreover,  is  not  typically  used  as  the  lower  limit  of
normal [18]. Initial EF was recorded as that obtained from the

echocardiogram at the time of PPCM diagnosis. Final EF was
recorded  as  the  last  EF  before  MAE  or  before  a  subsequent
pregnancy  or  at  last  follow-up.  Peak  EF  was  the  highest  EF
recorded  during  the  follow-up  period,  excluding  any  EF
measurement  post-transplant.  Delayed  recovery  or  improve-
ment was defined as an increase in EF beyond 12 months after
diagnosis.  Patients  were  considered  as  hypertensive  if  they
were diagnosed with chronic or gestational hypertension prior
to or during the index pregnancy. Patients were considered as
diabetic  if  they  had  a  diagnosis  of  type  I  or  type  II  diabetes
mellitus  or  gestational  diabetes  prior  to  or  during  the  index
pregnancy.  Medication use was recorded based on the medi-
cations  listed  in  the  electronic  medical  record  during  the
follow-up  period.

2.1. Statistical Analysis

Categorical variables were compared using the chi-square
analysis  or  Fischer  exact  test.  Continuous  variables  were
compared using the two-tailed t test or Wilcoxon rank sum test.
Odds ratios  and 95% Confidence Intervals  (CI)  for  variables
associated with long-term outcomes in PPCM were calculated
using logistic regression. Kaplan-Meier curves for survival and
adverse outcomes were created and compared by log rank test.
Start time was the date of diagnosis and the end time was the
date of the major adverse cardiac event or were censored at last
available follow-up date or a subsequent pregnancy. Statistical
analyses  were  performed using  STATA 13 (StataCorp  2013.
Stata  Statistical  Software:  Release  13.  College  Station,  TX:
StataCortp LP.) and SPSS 23.0 (IBM Corp, Armonk, NY). Dr.
Davis had full access to all data and takes responsibility for its
integrity and the data analysis.

3. RESULTS

3.1. Overall Maternal Characteristics

A  total  of  93  women  with  a  diagnostic  code  of  PPCM
during  the  study  period  (2000-2011)  were  identified.  After
reviewing each medical record, 34 women were excluded for
having EF >45% (n=16), insufficient documentation (n=8), or
an alternate diagnosis (n=10) (Fig. 1). A total of 59 women met
the inclusion criteria and each patient record was reviewed for
follow-up through March 31, 2017. Baseline characteristics are
shown in Table 1. The mean age was 29.5 ± 6.8 years (range:
18-44 years). A total of 17 women (29%) identified as Black
and 34 women (58%) as White. The ethnicity of the remaining
8  subjects  self-identified  as  follows:  1  Asian,  1  Hispanic,  3
“Other”, 3 “Unidentified”. The most common comorbidity was
hypertension, which was identified in 21 women (36%). The
mean duration of follow-up was 76 ± 7.8 months (6.3 years).
The  majority  of  patients  received  treatment  with  a  beta-
blocker,  angiotensin-receptor  antagonist  or  aldosterone
receptor blocker and diuretic. Only two patients were treated
with  bromocriptine.  Mean  EF  at  diagnosis  was  21%  ±  11%
(range 7-45%). There was significant variability in the change
from initial EF to final EF (Fig. 2).
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Fig. (1). Patient cohort, reasons for exclusions, and overall outcomes.

3.2. Deterioration in EF

Eighteen  women  (30.5%)  demonstrated  some  degree  of
improvement (increase in EF of at least 10%) from the initial
EF during the follow-up period. Sixteen women (27.1%) had a
decline in EF of 10% or greater during the follow-up period,
and 14 women had demonstrated improvement from the initial
EF  prior  to  the  deterioration.  Prior  to  their  EF  declining  by
more  than  10  percentage  points,  7  of  these  women  had
recovered  to  an  EF  of  50%  or  higher,  and  5  of  them  had
recovered to an EF of 55% or higher (Fig. 1).

In comparison with women who did not have a significant
decline  in  EF,  there  were  no  significant  differences  in  mean
duration  of  follow-up,  age  at  diagnosis,  race,  baseline  EF,
preeclampsia,  and  cardiac  medications  (Table  1).  The  group
that  deteriorated  was  less  likely  to  have  hypertension  (12  vs
44%,  p=0.016).  The  group with  significant  deterioration  had
worse  long-term  outcomes,  including  lower  final  EF  (25  vs
42%, p=0.010), lower rates of recovery (12 vs 46%, p=0.016),
and  higher  rates  of  death  (38  vs  14%,  p=0.046)  and  major
adverse cardiac events (56 vs 23%, p=0.016).

93 women with ICD9 
code 674.5x for PPCM 

(2011-2011)

Final Cohort 

N=59

Never recovered

EF<55%

N=32

Not recovered

N=21

Transplant/LVAD

N=4

Death

N=6

Deterioration in EF ≥10%

N=11

LVAD

N=1

Transplant

N=2

Death*

N=5

Recovered 

EF ≥ 55%

N=27

Deterioration in EF ≥ 10%

N=5

Persistent LV 
dysfunction

N=4

Death

N=1

Remained 
recovered

N=22

Excluded

N=34

Reasons for Exclusion:

EF > 45% (n=16)

Missing EF documentation (n=5)

Insufficient records (n=3)

Ischemic cardiomyopathy (n=2)

Hypertrophic cardiomyopathy (n=2)

Familial cardiomyopathy (n=2)

Pheochromocytoma�(n=1)

Rheumatic heart disease (n=1)

Valvular disease (n=1)

Ebstein’s�anomaly (n=1)

9 women had subsequent 
pregnancies 

(�������� excluded)

* 2 deaths after LVAD, 1 after

transplant
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Fig. (2). Initial and final left ventricular ejection fraction for women with peripartum cardiomyopathy.

Table 1. Overall cohort and comparison of groups without vs. with deterioration in EF.

-
Overall No Deterioration Deterioration p-value

n=59 n=41 n=16 -
Demographic & Co-morbidities

Age at diagnosis (years), mean (SD) 29.5 (6.8) 29.7 (7.5) 28.8 (4.5) 0.659
Black, n (%) 17 (28.8) 13 (31.7) 4 (25.0) 0.619

Hypertension, n (%) 21 (35.6) 19 (44.2) 2 (12.5) 0.024
Preeclampsia, n (%) 13 (22.0) 10(23.3) 3 (18.8) 0.710

Diabetes, n (%) 11 (18.6) 10 (23.3) 1 (6.3) 0.136
Thyroid disease, n (%) 5 (8.5) 3 (7.0) 2 (12.5) 0.498

Autoimmune disorders, n (%) 3 (5.1) 1 (2.3) 2 (12.5) 0.114
Follow-up (months), mean (SD) 76.0 (7.8) 73.0 (8.8) 84.1 (16.5) 0.530

Medications
ACEi/ARB, n (%) 53 (89.8) 38 (88.4) 15 (93.8) 0.543

Beta-blocker, n (%) 53 (89.8) 38 (88.4) 15 (93.8) 0.543
Spironolactone, n (%) 41 (69.5) 32 (74.4) 9 (56.3) 0.178

Digoxin, n (%) 33 (55.9) 24 (55.8) 9 (56.3) 0.976
Diuretic, n (%) 54 (91.5) 38 (88.4) 16 (100) 0.915

Bromocriptine, n (%) 2 (3.4) 2 (4.6) 0 (0) 0.380
Ejection Fraction

EF at diagnosis, mean (SD) 20.8 (11.0) 20.7 (10.2) 21.1 (13.0) 0.904
EF at 12 months, mean (SD) 38.8 (23.0) 40.4 (23.3) 28.8 (20.5) 0.284

Final EF, mean (SD) 37.7 (21.9) 41.6 (22.1) 25.2 (18.0) 0.010
Peak EF, mean (SD) 44.1 (20.2) 43.1 (22.3) 44.3 (16.3) 0.853

Recovered EF ≥55%, n (%) 22 (37.3) 20 (46.5) 2 (12.5) 0.016
Major Adverse Outcomes

Deceased, n (%) 12 (20.3) 6 (14.0) 6 (37.5) 0.046
Left ventricular assist device, n (%) 10 (17.2) 5 (11.6) 5 (33.3) 0.055

Cardiac Transplantation, n (%) 5 (8.8) 2 (4.8) 3 (20.0) 0.073
Inotrope-dependent, n (%) 9 (15.5) 5 (11.9) 4 (25.0) 0.218

Overall MACE, n (%) 19 (32.2) 10 (23.3) 9 (56.3) 0.016
Abbreviations: ACEi = Angiotensin-Converting Enzyme Inhibitors; ARB = Angiotensin Receptor Blocker; MACE = Major Adverse Cardiac Events (including death, left
ventricular assist device, cardiac transplantation, or inotrope-dependence); EF = Ejection Fraction; SD = Standard Deviation
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3.3. Recovery

Recovery, defined as EF ≥55%, occurred initially in 27 of
the  59  women  (46%)  but  was  only  sustained  by  the  end  of
follow-up in 22 women (37%). Thirty-seven women (63%) did
not achieve and/or maintain a normal EF by the end of follow-
up. Patients who recovered had a higher mean EF at diagnosis
(24  vs  15%,  p=0.015)  and  were  older  at  diagnosis  (33  vs  28
years,  p=0.014)  (Table  2).  On  univariate  logistic  regression
analysis,  older  age  (unadjusted  OR  1.12,  95%  CI  1.02-1.23,
p=0.02) was associated with recovery. Baseline EF (unadjusted
OR  1.06,  95%  CI  1.01-1.12,  p=0.02)  was  mildly  associated
with  recovery  (Table  4).  While  lower  initial  EF  was  more
common  among  women  who  did  not  recover,  there  was
significant  variability.  There  was  no  significant  difference
between B-type Natriuretic Peptide (BNP) levels (mean± SD)
at the time of diagnosis among those who recovered (1400 ±
2011  pg/mL)  and  those  who  did  not  recover  (1369  ±1440
pg/mL) (p=0.956).

Of the 22 women who recovered, only 9 recovered within
6 months. Eight women had delayed recovery, defined as EF
≥55%  at  12  months  or  later,  and  4  of  these  women  did  not
recover until after 2 years (25, 40, 69, 121 months). Mean time
to recovery was 18.6 months (1.6 years), range 1-121 months.
The median time to recovery was 8 months.  After  excluding
the  2  highest  outliers  (recovery  at  69  and  121  months),  the
mean time to recovery was 10 months.

In order to compare our results with prior studies that have
used an EF cut off of 50%, we performed additional analysis
and found that 25 (42.4%) of women recovered using this cut

off. Since prior studies also had shorter duration of follow-up,
we  determined  that  when  EF  assessment  was  limited  to  12-
months  of  follow-up,  the  recovery  rate  was  43.2%  (for  EF
≥50%).

3.4. Mortality

Twelve women (20%) in this cohort died during the mean
follow-up period of 6.3 years, with mean survival of 4.3 years
(range 3 months to 10 years) (median survival was 4.2 years).
At 12-months, the overall mortality rate was 5.1%. Of the 12
women who died, 25% (3 of the 12 deaths) occurred within the
first year at 3, 7, and 11 months. Seven of the 12 deaths (58%)
occurred later than 4 years after the diagnosis. Five of the 12
women  who  died  (42%)  had  deterioration  in  their  EF  by  at
least 10%.

The  causes  of  death  were  as  follows:  end-stage  heart
failure (not a candidate for heart transplantation) (n=6), ventri-
cular tachycardia cardiac arrest (n=2), pulmonary embolism on
extracorporeal  membrane  oxygenation  (ECMO)  (n=1),
hyperacute  rejection  after  heart  transplantation  (n=1),  multi-
organ  failure  with  EF 20% and sepsis  (n=1)  and  intracranial
hemorrhage (n=1).

Kaplan Meier survival curves are shown in Fig. (3). Mean
survival was not significantly different for women with initial
EF <25% when compared with those with EF >25% (p = 0.2).
White  women  had  longer  mean  survival  than  Black  women
(211.0  ±  14.5  months,  95%  CI  183.4-240.0  vs  91.2  ±16.0
months,  95%  CI  59.9-122.5),  with  significantly  different
Kaplan  Meier  survival  curves  (p=0.004)  (Fig.  3).

Table 2. Characteristics of women with peripartum cardiomyopathy with Recovery vs Non-Recovery of myocardial function.

Variable
Non-recovered Recovered

p value
n=37 n=22

Age (years), mean (SD) 27.9 (6.2) 32.6 (7.0) 0.014
Black race, n (%) 10 (37.0) 3 (13.6) 0.065

Hypertension, n (%) 10 (34.5) 8 (36.4) 0.889
Preeclampsia, n (%) 4 (13.8) 7 (31.8) 0.121

Diabetes mellitus, n (%) 7 (24.1) 3 (13.6) 0.350
Autoimmune disorders, n (%) 1 (3.4) 0 (0.0) 0.379

Thyroid disease, n (%) 3 (10.3) 2 (9.1) 0.881
EF at Diagnosis, mean (SD) 15.1 (11.7) 23.5 (12.0) 0.015
EF at 6 months, mean (SD) 24.9 (15.5) 51.0 (16.2) 0.000
EF at 12 months, mean (SD) 21.0 (13.8) 55.0 (16.0) 0.000

Peak EF, mean (SD) 32.0 (18.3) 63.2 (3.4) 0.000
Final EF, mean (SD) 21.7 (15.2) 60.7 (4.8) 0.000

Major Adverse Event, n (%) 27 (93.1) 19 (86.4) 0.423
Deceased, n (%) 10 (34.5) 1 (4.5) 0.010

Months of Follow up, mean (SD) 81.3 (58.7) 91.0 (55.4) 0.550
Beta-blocker, n (%) 27 (93.1) 19 (86.4) 0.423
ACE-I/ARB, n (%) 33 (89.0) 20 (90.0) 0.833

Aldosterone Antagonist, n (%) 23 (79.3) 12 (54.5) 0.059
Diuretic, n (%) 28 (96.6) 18 (81.8) 0.080
Digoxin, n (%) 21 (72.4) 7 (31.8) 0.004

Bromocriptine, n (%) 2 (6.9) 0 (0.0) 0.209
EF = Ejection Fraction; SD = Standard Deviation; ACE-I = Angiotensin Converting Enzyme Inhibitor; ARB = Angiotensin Receptor Blocker
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Table 3. Major adverse events in women with peripartum cardiomyopathy.

 No Adverse Event Major Adverse Event p value
Age, mean (SD) 31.3 (7.1) 27.3 (5.7) 0.050
Black race, n (%) 5 (15.2) 8 (50.0) 0.01

Hypertension, n (%) 12 (35.3) 6 (35.3) 1.000
Preeclampsia, n (%) 8 (23.5) 3 (17.6) 0.630

Diabetes mellitus, n (%) 6 (17.6) 4 (23.5) 0.618
Autoimmune disorder, n (%) 0 (0.0) 1 (5.9) 0.153

Thyroid disease, n (%) 3 (8.8) 2 (11.8) 0.739
 

EF at Diagnosis, mean (SD) 21.0 (12.2) 14.4 (12.0) 0.073
EF at 6 months, mean (SD) 44.8 (17.6) 17.7 (13.0) <.0001
EF at 12 months, mean (SD) 45.0 (21.0) 16.1 (9.5) <.0001

Peak EF, mean (SD) 55.3 (14.6) 25.9 (17.7) <.0001
Final EF, mean (SD) 49.6 (18.1) 16.4 (12.7) <.0001

 
Beta-blocker, n (%) 31 (91.2) 15 (88.2) 0.739
ACE-I/ARB, n (%) 37 (93.0) 16 (84.0) 0.325

Aldosterone Antagonist, n (%) 22 (64.7) 13 (76.5) 0.393
Diuretic, n (%) 30 (88.2) 16 (94.1) 0.505
Digoxin, n (%) 14 (41.2) 14 (82.4) 0.005

Bromocriptine, n (%) 0 (0.0) 2 (11.8) 0.041
 

Months of Follow up, mean (SD) 89.4 (56.1) 77.6 (59.6) 0.494
EF = Ejection Fraction; SD = Standard Deviation; ACE-I = Aldosterone Converting Enzyme Inhibitor; ARB = Aldosterone Receptor Blocker

Table 4. Univariate Logistic Associations for Recovery and Major Adverse Cardiac Events.

- Recovery - Major Adverse Cardiac Events
- OR (95% CI) P value OR (95% CI) P value

Age 1.12 (1.02-1.23) 0.021 1.10 (1.00-1.21) 0.057
Black race 0.27 (0.06-1.15) 0.075 0.18 (0.04-0.70) 0.014

Baseline EF 1.06 (1.01-1.12) 0.021 1.05 (0.99-1.11) 0.080
Beta-blocker 2.13 (0.32-14.01) 0.431 1.38 (0.21-9.14) 0.740

ACE-Inhibitor 0.87 (0.13-5.69) 0.882 1.38 (0.21-9.14) 0.740
Spironolactone 3.19 (0.93-10.92) 0.064 0.56 (0.15-2.12) 0.396
Loop Diuretic 0.16 (0.02-1.56) 0.114 0.47 (0.05-4.55) 0.514

Digoxin 0.18 (0.05-0.6) 0.005 0.15 (0.04-0.62) 0.009
Hypertension 1.09 (0.34-3.46) 0.889 1.00 (0.30-3.38) 1.000

Diabetes Mellitus 0.5 (0.11-2.19) 0.360 0.70 (0.17-2.90) 0.619
Pre-eclampsia 2.92 (0.73-11.65) 0.130 1.44 (0.33-6.29) 0.631

Abbreviations: EF = ejection fraction

3.5. Major Adverse Events

Nineteen  women  (32%)  had  36  major  adverse  events,
including death (n=12), cardiac transplantation (n=5), LVAD
(n=10), and chronic inotrope-dependence (n=9). Black women
had  more  adverse  events  (Table  3).  Univariate  logistic
regression  demonstrated  that  Black  race  was  significantly
associated  with  major  adverse  events  (unadjusted  OR  0.18,
95%  CI  0.043-0.7,  p=0.014).  Other  predictors,  including
baseline EF, were not  significant  and there was considerable
variation in initial EF among those who had a major adverse
event.  Hypertensive  disorders  and  pre-eclampsia  were  not

associated with adverse outcomes (Table 3). Women who had
significant deterioration in EF by at least 10% had higher rates
of major adverse events (56 vs 23%, p=0.016) (Table 1).

The  majority  of  the  major  adverse  events  in  this  cohort
occurred after the first 12 months. The mean time to MAE was
4.3 years (range 17 days to 20 years). The median time to MAE
was  12.8  ±  1.7  years.  Only  3  of  the  19  women  (16%)  with
MAE  experienced  their  first  event  within  the  first  6  months
from time of diagnosis. An additional 5 women suffered MAE
between 6 and 12 months, and 11 (42%) occurred more than 12
months after diagnosis.
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Fig. 3 cont.....



20   The Open Cardiovascular Medicine Journal, 2019, Volume 13 Mahowald et al.

Fig. (3). Kaplan-Meier survival curves for (A) the overall cohort, (B) black women vs white women, (C) women with initial ejection fraction (EF) <
25% vs those with initial EF ≥25%.

3.6. Medications

In our  cohort  of  59 patients,  53 (90%) were treated with
ACEi/ARB,  53  (90%)  with  beta-blocker,  41  (70%)  with  an
aldosterone antagonist, 33 (56%) with digoxin, 54 (92%) with
a diuretic, and 2 (3%) with bromocriptine (Table 1). Of the 16
women  who  had  deterioration  in  EF,  15  (94%)  were  treated
with ACEi/ARB, 15 (94%) with beta-blocker, 9 (56%) with an
aldosterone antagonist, 9 (56%) with digoxin, 16 (100%) with
a diuretic, and none with bromocriptine. There was no signifi-
cant  association  between  medical  therapy  and  subsequent
deterioration  (Table  1).

Among  the  37  women  who  did  not  recover,  33  (89.0%)
were  treated  with  ACEi/ARB,  27  (93.1%)  were  treated  with
beta-blocker,  23  (79.3%)  were  treated  with  an  aldosterone
antagonist, 28 (96.6%) with a diuretic, 21 (72.4%) were treated
with  digoxin,  and  2  (6.9%)  were  treated  with  bromocriptine
(Table 2). Only digoxin was statistically associated with Non-
Recovery (p=0.004). In univariate logistic regression, digoxin
was  associated  with  an  OR  of  recovery  of  0.18  (95%  CI
0.05-0.6,  p=0.005).  Among  the  19  women  with  MAE,  16
(84.0%)  were  treated  with  ACEi/ARB,  15  (88.2%)  received
beta-blocker,  13  (76.5%)  with  aldosterone  antagonist,  16
(94.1%) with diuretic, 14 (82.4%) with digoxin, and 2 (11.8%)
with  bromocriptine.  Digoxin  and  bromocriptine  were  both
associated  with  MAE  (p=0.005  and  p=0.041,  respectively)
(Table  3).  In  univariate  logistic  regression,  digoxin  was
associated  with  an  OR  of  MAE  of  0.15  (95%  CI  0.04-0.62,
p=0.009) (Table 4). Regression analysis of bromocriptine was
not performed due to small sample size.

4. DISCUSSION

This  study  highlights  the  substantial  risk  of  long-term
adverse events and mortality among women with PPCM, even
beyond the first year from diagnosis and without a subsequent
pregnancy. Women with PPCM can experience deterioration in
EF over time, and this is associated with an increased risk of
mortality  and  adverse  outcomes.  Clinically,  these  findings
suggest  that  these  women  need  close  follow-up  and  survei-
llance,  might  benefit  from prolonged  medical  treatment,  and
may warrant additional imaging to detect subclinical dysfunc-
tion. Long-term outcomes in our cohort showed deterioration
in myocardial function in 27% of women with PPCM.

With long-term follow-up, we found a substantial number
of women with PPCM have deterioration in EF over time, even
after initial  improvement or recovery. Other cases of sponta-
neous deterioration (in the absence of a subsequent pregnancy)
have been briefly identified. In a Turkish study of 42 women,
four patients spontaneously deteriorated at 12, 24, 26, and 34
months  after  diagnosis  [12].  In  a  study  of  46  of  182  women
with  PPCM  who  experienced  major  adverse  events,  deterio-
ration was noted in three women, 2 of whom had previously
recovered [19]. Lastly, our group recently described the cases
of  2  women  (identified  after  the  current  analysis  and  not
included  in  this  study)  with  spontaneous  relapse  after  full
recovery [20]. This suggests that women with PPCM should be
counselled about the importance of ongoing surveillance and
treatment by a cardiologist.
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Our  results  highlight  the  importance  of  continuing
guideline  directed  medical  therapy  for  patients  with  PPCM
who have not fully recovered. In 2015, Hilfiker-Kleiner et al.
published a proposed a step-wise approach to tapering cardiac
medications  in  this  population  and  ensuring  that  patients
remain  asymptomatic  and  LV function  remains  normal  [21].
The  patients  in  our  cohort  were  diagnosed  prior  to  this
publication  and  details  about  medication  doses,  compliance,
and  adjustments  were  not  available  during  the  time  period
during which our cohort was managed. In addition, only 2 of
our  patients  received  bromocriptine.  Recent  literature  has
suggested potential benefits of bromocriptine [22] as a way to
lower levels of prolactin hormone, the breakdown products of
which have been shown to influence endothelial function [23].
However,  further  study is  needed [24].  The 2 patients  in our
study  who  were  treated  with  bromocriptine  ultimately  had
adverse  events,  but  our  study  size  is  too  small  to  draw
conclusions.  A  relatively  high  proportion  of  our  cohort
received digoxin, and this was more common among women
who  did  not  fully  recover.  These  patients  required  ongoing
therapy and may not have been able to tolerate target doses of
guideline-directed medical therapy due to hypotension.

Prior research has addressed overall prognostic factors, but
not risk factors for deterioration in EF over time. While lower
baseline EF and Black race have been associated with worse
outcomes  and  ongoing  persistent  LV  dysfunction  [25]  [5],
these  were  not  identified  as  risk  factors  for  subsequent
deterioration  in  EF  in  our  study  possibly  due  to  the  small  n
involved.  Importantly,  we found that  hypertension was more
common among women who did not have a decline in EF. This
is  in  agreement  with  a  recent  study  by  Ersboll  et  al.  [26]  in
which  women  with  PPCM  and  hypertensive  disorders  of
pregnancy  were  more  likely  to  recover  (66.7  vs  35.7%,
p=0.016) and less likely to have major adverse cardiac events
(0 vs 32.1%, p=0.0004). Additional studies have also indicated
a more benign course for women with hypertensive disorders
or  pre-eclampsia  [3]  [27,  28],  but  this  association  is  not
significant  in  all  studies  [4,  29].  Lindley  et  al.  recently
demonstrated that women with pre-eclampsia and PPCM had
excessive  early  morbidity  and  mortality  within  1  year  but
survivors were more likely to show recovery of LV function
[30].  It  has  been  hypothesized  that  early  treatment  of
hypertension during pregnancy, often with labetalol, may have
some beneficial effect with respect to early beta-blockade [26],
or that if hypertension had contributed to the development of
PPCM then the resolution may accelerate recovery [31]. It is
also conceivable that women with persistent hypertension may
continue indefinite medication for this indication, rather than
stopping cardiac medications after apparent recovery, thereby
providing  long-term  protection  against  deterioration  in  LV
function.

Our  long-term  survival  rate  was  lower  than  expected.
Compared  with  the  multi-center  IPAC  study  [4],  which
prospectively  enrolled  women  (n=100)  with  PPCM  and
followed them for 12 months, we had a similar percentage of
Black patients (30% in IPAC vs 29% in our study). In IPAC,
the  12-month  mortality  rate  was  4%.  In  our  study,  the  12-
month mortality was 5.1%, but this rose to 20% during a mean
follow-up of 6.3 years. Seven deaths in our cohort occurred >4

years  after  the  time  of  diagnosis,  further  indicating  the
importance  of  studying  long-term  outcomes  in  PPCM.  Our
high  mortality  rate  may  also  be  related  to  our  institution
serving as a tertiary care referral center for the state. Several
women  in  our  cohort  were  initially  diagnosed  at  community
hospitals  but  referred  for  a  higher  level  of  care,  including
evaluation for LVAD and transplantation.

It  has  been  previously  accepted  that  recovery  in  EF
frequently occurs within the first 6 months, with little change
in  EF thereafter,  except  for  some cases  of  late  recovery  [12,
31]. In our cohort, less than half of the patients who recovered
did so within the first 6 months and a substantial number had
late recovery after 12-24 months. The majority of our patients
received guideline-directed medical therapy; however, details
about medication adherence and maximal doses are unknown.
Late recovery could be influenced by close ongoing follow-up
and  aggressive  medical  management,  but  more  research  is
needed  to  answer  this  fully.

Women in our study also had a lower overall rate of reco-
very (37%) than that reported by IPAC (72% at 12 months) [4].
Other  studies  from  the  United  States  have  reported  49%
recovery at 6 months [19] and 45% at a mean follow-up of 43
months [5]. Compared with our study, a lower rate of recovery
(23%) was reported in a retrospective study that included 55%
Black women [17], compared with 29% Black women in our
population and 30% in IPAC. Since Black women with PPCM
have lower rates of recovery [25], our findings cannot be solely
explained by diff-erences in race.

There are several other possible reasons for our low rates
of recovery. First, our longer duration of follow-up (mean 6.3
years) allowed us to detect relapse and deterioration that would
be missed in studies of shorter duration. Second, we opted to
define recovery as  an EF ≥55%, despite  the fact  that  several
other studies used a cut-off of 50%. However, even when we
analyzed our rate of recovery using an EF cut off of 50% at 12-
months,  we  found  that  our  recovery  rate  (43.2%)  was  lower
than  some  other  reported  cohorts  [4,  5,  19].  One  possible
contributing  factor  is  that  the  University  of  Michigan  is  a
tertiary  care  center  where  patients  may  be  transferred  for
higher level of care after not showing evidence of recovery at
other hospitals.  Finally,  the retrospective nature of our study
may have  selected  for  patients  with  more  severe  cardiomyo-
pathy and persistent symptomatic heart failure.

Our  study  was  limited  by  the  nature  of  being  a  single-
center, retrospective study at a tertiary referral center. In addi-
tion, echocardiography has known variability in EF measure-
ments [32], which may have influenced our results. However,
our  findings  reflect  real-world  clinical  scenarios  in  which
patients  and  physicians  must  make  management  decisions
based  on  echocardiographic  measurements.  Furthermore,  the
fact  that  the  group  with  EF deterioration  had  higher  rates  of
major  adverse  events  and  lower  rates  of  eventual  recovery
suggests  that  the  decline in  EF was an accurate  reflection of
worsening  cardiac  function.  Additional  echocardiographic
parameters  such  as  left  ventricular  volumes  and  right
ventricular systolic pressure may have provided additive value
and  could  be  considered  in  future  research.  Correlation  of
echocardiographic  measurements  with  cardiac  MRI  would
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have  improved  the  accuracy  of  EF  determination,  but  the
majority of our patients were managed prior to widespread use
of  cardiac  MRI.  Another  important  limitation  in  this  retros-
pective study is that specific data about medication treatment,
duration,  dosing,  and  compliance  was  unavailable;  thus,  our
findings related to medical treatment should be interpreted with
caution.

CONCLUSION

Women with PPCM can have an unpredictable long-term
course. Patients may deteriorate over time, even in the absence
of a subsequent pregnancy.  Deterioration in EF is  associated
with  major  adverse  cardiac  events.  Our  study  suggests  that
close, long-term follow-up of women with PPCM is essential.
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