
Open access 

  1Dodeja AK, et al. Open Heart 2021;8:e001587. doi:10.1136/openhrt-2021-001587

 ► Additional online 
supplemental material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
openhrt- 2021- 001587).

To cite: Dodeja AK, Siegel F, 
Dodd K, et al. Heart failure in 
pregnancy: what is the long- 
term impact of pregnancy on 
cardiac function? A tertiary care 
centre experience and 
systematic review. Open Heart 
2021;8:e001587. doi:10.1136/
openhrt-2021-001587

Received 25 June 2021
Accepted 15 July 2021

For numbered affiliations see 
end of article.

Correspondence to
Dr Anudeep K Dodeja;  
anujassal@ gmail. com

Heart failure in pregnancy: what is the 
long- term impact of pregnancy on 
cardiac function? A tertiary care centre 
experience and systematic review

Anudeep K Dodeja    ,1,2 Francesca Siegel,3 Katherine Dodd,2 Marwan Ma'ayeh,4 
Laxmi S Mehta,2 Margaret M Fuchs    ,5 Kara M Rood,4 May Ling Mah,1 
Elisa A Bradley    2

Heart failure and cardiomyopathies

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background Women with cardiomyopathy (CM) are often 
advised against pregnancy due to risk for major adverse 
cardiovascular events (MACE). However, the impact of 
CM subtype on maternal MACE is not understood, and so 
we sought to evaluate the influence of CM phenotype on 
maternal outcomes, as well as the effect on immediate 
and late left ventricular function.
Methods We evaluated all pregnant women in our high- 
risk maternal cardiovascular programme (2009–2019). 
Composite maternal MACE included: death, inotrope use, 
left ventricular assist device, orthotopic heart transplant 
and/or escalation in transplant listing status, acute 
decompensated heart failure and sustained ventricular 
arrhythmia.
Results Among 875 women followed, 32 had CM 
(29±7 years old, left ventricular ejection fraction (LVEF) 
41%±12%): 3 ischaemic CM (ICM), 10 peripartum CM 
(PPCM) and 19 non- ICM (NICM). MACE events occurred in 
6 (18%) women (PPCM: 2 (33%), NICM: 4 (67%)). There 
was no difference in LVEF at baseline, however, women 
with MACE had significantly lower LVEF both early (LVEF: 
27±5% vs . 41±2%, p<0.05) and late post partum (LVEF: 
28±5% vs . 44±2%, p<0.01).
Conclusions In this contemporary cohort of women with 
CM, maternal MACE rates were lower than previously 
reported, and were less common in PPCM as compared 
with ICM and NICM. Heart function in women with MACE 
was negatively impacted immediately after delivery and 
in late postpartum follow- up, suggesting that pregnancy 
itself likely has influence on future left ventricular function 
in women with underlying CM.

INTRODUCTION
Cardiovascular disease (CVD) is the leading 
cause of maternal mortality in the USA.1 
Up to 4% of pregnant women are affected 
by CVD, and roughly 15% is accounted for 
by cardiomyopathy (CM).1 2 CM affects the 
heart muscle, and is often categorised by the 
myopathic phenotype: dilated, restrictive, 

hypertrophic, ischaemic, arrhythmogenic 
and idiopathic.

Traditionally, women with CM are often 
advised to avoid pregnancy given the high 
risk for maternal major adverse cardiovas-
cular events (MACE).3 4 Nonetheless, with 
advances in medical care, women with CM 
often seek counselling to accurately estimate 
individual risk in pregnancy. The hetero-
geneous nature of CM makes risk stratifica-
tion challenging. Therefore, we sought to 
evaluate maternal cardiovascular outcomes 
in our tertiary care centre’s high- risk cardio- 
obstetrics programme, to determine the 

Key questions

What is already known about this subject?
 ► In prior studies, major adverse cardiac events 
(MACE) in women with cardiomyopathy (CM) has 
been reported to be 30% or higher, forming the ba-
sis for the WHO’s class IV pregnancy risk category 
designation. In fact, these women are usually told 
that pregnancy is high risk and should be avoided. 
We sought to understand whether the type of un-
derlying CM had any impact on maternal outcomes.

What does this study add?
 ► In this cohort, we found that MACE occurred in 18% 
of patients, significantly lower than what had been 
reported in the past. However, we also found that 
women with MACE had worse heart function in the 
immediate postpartum and at late follow- up, sug-
gesting that pregnancy itself likely has influence on 
future heart function in women with underlying CM.

How might this impact on clinical practice?
 ► To our knowledge, no other group has shown that 
pregnancy impacts late cardiovascular function 
in women who have CM and MACE events. These 
data underscore the importance of further research 
evaluating the late effects of pregnancy on maternal 
cardiovascular function.  on M
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impact of CM phenotype on peripartum and postpreg-
nancy outcomes. Here, we report our findings and quali-
tatively compare this to systematic literature review from 
the same time period (2009–2019).

METHODS
We collected baseline demographic data, type and 
duration of underlying CM, results from cardiac 
studies (echocardiogram, cardiac MRI, etc), guide-
line directed medical therapy (GDMT) use, maternal 
outcomes, obstetric outcomes and fetal outcomes. To 
estimate the late effects of pregnancy in women with 

underlying CM, we also assessed maternal functional 
class and cardiac function at most recent follow- up, 
when available. We defined composite maternal 
MACE (composite MACE) in the setting of preg-
nancy as any one of the following: maternal death, 
inotrope use, requirement of left ventricular assist 
device (LVAD), orthotopic heart transplant (OHT) 
and/or escalation in OHT listing status, acute decom-
pensated heart failure and sustained ventricular 
tachycardia (VT) or ventricular fibrillation (VF). All 
composite MACE events were evaluated up to 1 year 
after delivery.

Table 1 Demographic data

Variable

All Patients
(n=32)
mean±SEM or 
frequency (%)

Ischaemic 
cardiomyopathy 
(n=3)
mean±SEM or 
frequency (%)

Peripartum 
cardiomyopathy 
(n=10)
mean±SEM or 
frequency (%)

Other (n=19)
mean±SEM or 
frequency (%) P value

Demographics

  Age (years) 29±7 31±4 30±2 29±2 0.82

  Gravida 3±3 8±2 2±1 3±1 <0.01

  Para 1±1 1±1 2±1 1±1 0.19

  BMI (kg/m2) 33±9 42±5 32±3 32±2 0.20

Comorbid illness

  Hypertension 18 (31) 2 (66) 4 (40) 12 (63) 0.46

  Diabetes 9 (28) 1 (33) 4 (40) 4 (21) 0.19

  CKD 1 (3) 0 (0) 0 (0) 1 (3) 0.59

  Obesity 20 (63) 3 (100) 6 (60) 12 (63) 0.97

Heart function

  NYHA FC>2 13 (45) 0 (0) 3 (30) 10 (53) 0.33

  Ejection fraction (%) 41±12 35±12 50±5 39±3 0.24

  Beta- blocker 26 (81) 2 (66) 4 (40) 16 (84) 0.05

  Angiotensin inhibitor 17 (53) 1 (33) 4 (40) 12 (63) 0.38

  Aldosterone antagonist 5 (16) 1 (33) 0 (0) 4 (21) 0.11

  Sacubitril/valsartan 2 (6) 0 (0) 0 (0) 2 (11) 0.34

Obstetric

  Gestational diabetes 6 (19) 1 (33) 4 (40) 1 (5) 0.06

  HDP 12 (38) 1 (33) 5 (50) 6 (32) 0.53

  Estimated blood loss (mL) 590±602 367±349 794±191 518±138 0.41

  Spontaneous vaginal 11 (34) 1 (33) 5 (10) 5 (26) 0.22

  Operative vaginal 9 (28) 1 (33) 4 (40) 4 (21) 0.22

  Caesarean 12 (38) 1 (33) 1 (10) 10 (53) 0.22

  Maternal VTE 1 (3) 0 (0) 0 (0) 1 (5) 0.59

Fetal

  Birth weight (g) 2810±664 2941±398 2015±218 2696±158 0.48

  APGAR 1 min 7.3±2.1 8.3±1.2 7.1±1.0 7.3±1.0 0.66

  APGAR 5 min 8.6±1 9.0±0.4 8.8±0.2 8.4±0.2 0.28

APGAR Score, Appearance, Pulse, Grimace, Activity, Respiration; BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney 
disease; HDP, hypertensive disorders of pregnancy; NYHA FC, New York Heart Association Functional Class; SEM, SE of the mean; VTE, 
venous thromboembolic events.
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In this study, we sought to identify women with (acute 
or chronic) CM who underwent pregnancy. Women were 
included in the study cohort if they had a diagnosis of 
cardiomyopathy prior to pregnancy. Women with a prior 
history of cardiomyopathy with recovered ventricular func-
tion were also included in this cohort. We stratified the 
subtype of CM by underlying aetiology into three groups: 
(1) peripartum CM (PPCM), ischaemic CM (ICM) and 
non- ICM (NICM). PPCM was defined as left ventricular 
ejection fraction (LVEF) <45% in the last month of preg-
nancy or within 5 months following delivery, and where 
no other cause of heart failure (HF) was found. ICM was 
defined in women with a prior myocardial infarction 
as the source of systolic dysfunction. The aetiology for 
NICM included: dilated CM of unknown cause, hypertro-
phic CM, drug induced, infiltrative diseases, rheumatic 
conditions, restrictive or familial/genetic CM.

Maternal comorbid medical illness was assessed in the 
cohort and is outlined in table 1. Gestational hypertension 
was and subdivided based on the aetiology of gestational 
hypertension (pre- eclampsia without severe features, 
pre- eclampsia with severe features, pre- eclampsia super-
imposed on chronic hypertension). We also evaluated 
diabetic status and classified diabetes as: type 1 diabetes 
mellitus, type 2 diabetes mellitus and gestational diabetes.

Obstetric outcomes collected included the location of 
maternal labour and delivery. Delivery site was coded as 
(1) general (labour/delivery) obstetric floor (noncrit-
ical care bed), (2) obstetric operating room or (3) heart 
hospital. The route of delivery was defined as: (1) vaginal, 
(2) operative vaginal (indicating forceps or vacuum 
delivery) or (3) caesarean section. When the patient 
delivered by caesarean section, the reason was indicated 
(dystocia, non- reassuring fetal status, abnormal presenta-
tion, elective or prior caesarean section). We also assessed 
peripartum analgesia (none, epidural, patient controlled 
analgesia pump, spinal or general sedation) and whether 
or not any advanced monitoring was used (central venous 
catheter or arterial line). In women who underwent 
induction, the indications for induction included: intra-
uterine growth restriction, hypertension/pre- eclampsia 
or other maternal medical problem.

Fetal outcomes evaluated were the birth status of the 
fetus (live birth, stillbirth, miscarriage, abortion) as well 
as the highest level of resuscitation required (well- baby, 
transition care nursery or neonatal intensive care unit). 
Finally, we evaluated any major congenital anomalies, 
represented in this cohort as: renal anomalies, hypospa-
dias and ventricular septal defect.

Figure 1 Maternal cardiovascular outcomes. In 32 women with underlying cardiomyopathy (CM) and pregnancy, six women 
had a major adverse cardiovascular event (MACE). Left ventricular ejection fraction (LVEF) at baseline was similar in the mace 
and no mace groups, however, women with mace had lower LVEF in the immediate post partum (27%±5% vs 41±2%, p<0.05) 
and at late follow- up (28%±5% vs 44±2%, p<0.01). (A) Subject- level data indicating EF in pregnancy, immediately post partum 
and late post partum in those with and without mace are shown (B) women with mace events were more likely to be taking a 
beta blocker, however, there was no difference in other cardiovascular medication (C) or underlying comorbid medical illness 
(D) based on subtype of CM. The pie charts demonstrate the proportion of women with medication prescription or comorbid 
disease prior to pregnancy, relative to the subtype of CM (C, D). CAD, coronary artery disease; CM, cardiomyopathy; CKD, 
chronic kidney disease; NICM, non- ischaemic CM; PPCM, peripartum CM.
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Descriptive statistics were generated on demographic 
variables and reported as mean±SEM and frequency 
(%) where appropriate on all patients. We analysed and 
reported the same findings on women with each subtype 
of CM in the cohort (ICM, PPCM, NICM). Maternal, 
obstetric and fetal outcomes in the entire population 
and within the three subtypes of CM were also analysed. 
We evaluated and compared demographic and clinical 

variables in women with versus without composite MACE 
events. All definitions of variables collected are available 
in the online supplemental methods. Where appropriate, 
we used one- way analysis of variance to evaluate any differ-
ences in continuous variables and χ2 to evaluate for any 
potential differences in categorical variables. An α<0.05 
was defined as the cut- off for reducing the probability of 
a type 1 error. JMP Pro, V.12.2.0. SAS Institute 1989–2019 
was used to perform all statistical analyses.

Full methods for the systematic review are available in 
online supplemental data file. It was not appropriate or 
possible to involve patients or the public in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Tertiary care centre
We followed 875 women (979 pregnancies) of which 32 
had CM (29±7 years old, gravida 3±3, para 1±1, LVEF 
41%±12%). CM phenotypes included: three ICM, 10 
PPCM, and 19 NICM. At baseline, women with underlying 
ICM had a higher number of prior gestations (8±2 vs . 
2±1 PPCM and vs 1±1 NICM, p<0.01). Prior to pregnancy, 
22 women were prescribed beta- blockers, 17 angiotensin 
enzyme converting inhibitors, 5 aldosterone antagonists 
and 2 sacubitril/valsartan. Women with the NICM pheno-
type were most likely to have used beta- blocker therapy 
(16 (84%) vs 4 (40%) PPCM & vs 2 (66%) ICM, p=0.05) 
(table 1, figure 1).

Composite MACE events occurred in 6 (18%) women 
(2 (33%) PPCM, 4 (67%) NICM), who were more likely 
to be have received beta blocker therapy (6 (100%) vs 16 
(62%), p<0.05). These women were otherwise similar to 
women without MACE in terms of baseline characteristics 
(table 2). Specific details regarding the type of maternal 
composite MACE event and intrapartum management 
are available in table 3. Although there was no difference 
in LVEF at baseline (MACE vs No MACE: 35±11% vs . 
43±12%, p=0.22), women with MACE had a significant 
reduction in LVEF post partum (27%±5% vs 41±2%, 
p<0.05) at 32±13 days. The same women continued to 
have persistently depressed LVEF (28%±5% vs 44±2%, 
p<0.01) at late a follow- up of 1.4±0.3 years postdelivery 
(figure 1).

Of the 32 women included in this cohort, 2 (6%) carried 
a twin gestation, resulting in 34 live born neonates. The 
average maternal length of stay was 7±6 days. Complica-
tions of pregnancy included: hypertensive disorders in 12 
(38%), gestational diabetes in 6 (19%), fetal intrauterine 
growth restriction in 2 (6%), and preterm labour in 2 
(6%). Mode of delivery was caesarean section (opera-
tive) in 17 (54%), spontaneous vaginal in 11 (34%) and 
operative vaginal in 4 (12%). The mean gestational age at 
delivery was 36.5±2.8 weeks, and 8 of the women delivered 
preterm (<37 weeks gestation). In women with CM, the 
average blood loss associated with delivery was 590±602 
mL, and three received blood transfusion (figure 2).

Table 2 Composite maternal MACE events

Variable

Composite 
MACE event 
(n=6)
Mean±SEM or 
frequency (%)

No composite 
MACE event 
(n=26)
Mean±SEM or 
frequency (%) P value

Demographics     

  BMI 30±5 34±9 0.10

  Age 29±9 29±6 0.90

  ICM 0 (0) 3 (12) 0.28

  PPCM 2 (33) 8 (31) 0.28

  NICM 4 (67) 15 (57) 0.28

Comorbid illness     

  Hypertension 2 (33) 16 (62) 0.21

  Diabetes 3 (50) 6 (23) 0.21

  CAD 0 (0) 2 (8) 0.35

  CKD 0 (0) 1 (4) 0.52

  Obesity 4 (67) 16 (62) 0.81

Heart function     

  NYHA FC>2 4 (67) 8 (33) 0.30

  LVEF (%) 35±11 43±12 0.22

Cardiac medications (pre- pregnancy)

  Beta- blocker 6 (100) 16 (62) <0.05

  Angiotensin inhibitor 4 (67) 13 (50) 0.46

  Aldosterone 
antagonist

1 (17) 4 (67) 0.94

  Sacubitril/valsartan 1 (17) 1 (4) 0.30

Obstetric     

  Gestational diabetes 2 (33) 4 (15) 0.34

  HDP 1 (17) 11 (42) 0.45

  Estimated blood loss 
(mL)

1058±231 482±111 0.03

  Spontaneous vaginal 2 (33) 9 (35) 0.08

  Operative vaginal 0 (0) 9 (35) 0.08

  Caesarean 4 (67) 8 (30) 0.08

Fetal     

  Birth weight (g) 2813±283 2820±136 0.98

  APGAR 1 min 8.2±0.9 7.1±0.4 0.26

  APGAR 5 min 8.5±0.3 8.6±0.2 0.74

APGAR Score, Appearance, Pulse, Grimace, Activity and Respiration; 
BMI, body mass index; CAD, coronary artery disease; CKD, chronic 
kidney disease; HDP, hypertensive disorders of pregnancy; ICM, 
ischaemic cardiomyopathy; LVEF, left ventricular ejection fraction; 
MACE, major adverse cardiovascular events; NICM, non- ICM; NYHA 
FC, New York Heart Association Functional Class; PPCM, peripartum 
CM; SEM, SE of the mean; VTE, venous thromboembolic events.
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There were no fetal or neonatal deaths in this cohort. 
The majority of infants (22 (65%)) recovered in the well- 
baby unit (length of stay 9±23 days). The average birth 
weight was 2,810±664 grams, and 3 (9%) infants met 
small for gestational age criteria. Neonatal intensive care 
unit admission was required in 7 (21%), although only 1 
(3%) had an Appearance, Pulse, Grimace, Activity and 
Respiration score <7 at 5 min of life. We assessed obstetric 
and fetal outcomes in women with MACE and found that 
women with MACE were likely to have increased blood 
loss at delivery (1058±231 mL vs 483±111 mL, p<0.05) 
(table 2, figure 2).

Obstetric
Labour induction was attempted in 13 (41%) women due 
to: intrauterine growth restriction in 1 (8%), hyperten-
sion/pre- eclampsia in 4 (31%) or for other medical prob-
lems in 8 (62%). The most common delivery route was 
caesarean section (17 (54%) vs spontaneous vaginal 11 
(34%) and operative vaginal (4 (12%)). Indications for 
caesarean section included: shoulder dystocia in 2 (12%), 
non- reassuring fetal status in 5 (29%), abnormal pres-
entation in 2 (12%) and elective/prior caesarean section 
in 8 (47%). There were very few maternal obstetric events, 
and they included: clinical chorioamnionitis in 1 (3%), 
postpartum haemorrhage in 3 (9%), venothromboem-
bolic event in 1 (3%) and acute kidney injury in 2 (6%). 
There were no strokes, respiratory distress, disseminated 
intravascular coagulopathy, ruptured liver or retained 
products of conception.

Fetal
Respiratory complications (respiratory distress syndrome, 
transient tachypnoea of the newborn, need for continuous 
positive airway pressure and/or intubation) occurred in 
10 (29%) of neonates, sepsis in 1 (3%), hypoglycaemic 
requiring intravenous glucose in 5 (15%) and hyperbil-
irubinaemia requiring phototherapy in 4 (12%). There 
was no relationship between maternal beta- blocker use 
and fetal hypoglycaemic. There were four congenital 
anomalies which included: ventricular septal defect in 
two (6%), hypospadias in one (3%), and renal anomaly in 
one (3%). There was no meconium aspiration syndrome, 
respiratory distress syndrome, seizure, neonatal aspira-
tion syndrome or necrotising enterocolitis.

Systematic review
After the initial search (online supplemental data file) we 
reviewed 50 studies in depth (26 cohort; 24 case- series) 
figure 3, and summarised results according to type of 
CM (2 (4%) ICM, 14 (28%) PPCM, 33 (68%) NICM)
(table 3). We found no difference in MACE or maternal 
death between the tertiary care centre and system-
atic review data, or in maternal death in any of the CM 
subtypes(table 4).

Ischaemic CM
Data on ICM during pregnancy is scarce, and out of 
the nine ICM studies reviewed, only two met inclusion 
criteria.5 6 In these studies, there were 193 women (200 
pregnancies), and although LVEF was not reported in 

Table 3 Maternal MACE events

Subject Age
Type of 
CM EF (%)

Delivery 
location

Arterial 
line CVC Delivery type MACE event*

1 18 Other 20 Obstetric operating 
room

Yes No Caesarean section  ►  NICM that required initiation of DBA therapy 9 
months post partum.

 ►  Presented 12 months post partum with ADHF and 
cardiogenic shock resulting in maternal death.

2 26 Other 30 Obstetric operating 
room

Yes Yes Vaginal  ►  Intrapartum sustained wide complex arrhythmia.

3 33 Other 30 Heart hospital Yes Yes Vaginal  ►  NICM with prior DBA use.
 ►  Required peripartum DBA weaned 48 hours after 

delivery.

4 22 Other 20 Heart hospital Yes No Operative vaginal  ►  History of NICM with severe systolic dysfunction 
requiring Milrinone peripartum; weaned postpartum 
day 16.

 ►  Declined for LVAD due to small LV cavity size.

5 30 PPCM 30 Heart hospital Yes No Vaginal  ►  DBA initiated at time of labour induction, weaned off 
post partum day 6.

 ►  Several runs of NSVT during delivery admission.
 ►  Postpartum life vest.

6 44 PPCM 35 Heart hospital Yes Yes Caesarean section  ►  Chronic PPCM with acute worsening of systolic 
function initiated on peripartum DBA; weaned 
postpartum day 8.

*Referring to composite MACE events include: maternal death, inotrope use, LVAD, OHT or listingstatus change, acute decompensated heart failure 
or sustained ventricular arrhythmia up to 1- year post partum.
ADHF, acute decompensated heart failure; CM, cardiomyopathy; CVC, central venous catheter; DBA, dobutamine; EF, ejection fraction; LV, left 
ventricle; LVAD, left ventricular assist device; MACE, major adverse cardiovascular event; NICM, non- ischaemic cardiomyopathy; NSVT, non- 
sustained ventricular tachycardia; OHT, orthotopic heart transplant; PPCM, peripartum cardiomyopathy.
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58 (29%), LVEF was normal in 27 (19%) of women.5 6 
In total, outcomes reported in both studies included: 19 
(10%) VT/VF episodes and 11 (6%) maternal deaths. 
In the first case series, MACE identified included: 56 
(37%) with heart failure/cardiogenic shock, 18 (12%) 
with ventricular arrhythmias, 29 (19%) with recurrent 
angina/MI and 10 (7%) with maternal mortality.6 In the 
second study, composite MACE occurred in 5 (10%) of 
the 50 pregnancies, however, it increased to 17 (34%) if 
angina, stroke, pulmonary emboli and atrial arrhythmias 
were included (online supplemental table 2).

Peripartum CM
We reviewed 59 studies in depth that evaluated PPCM, 
and 34 met final inclusion representing 41 069 women.7–40 
Postpartum follow- up time ranged from 0 to 14 years, 
and death, LVAD requirement, and OHT were the most 
commonly reported MACE. Maternal mortality data was 
available in 40 780 (99%) and MACE in 40 826 (99%), 

and occurred in 612 (1.5%) and 4972 (12%), respec-
tively. Composite MACE events are outlined in online 
supplemental table 3.

Other CM
Among the 23 non- ICM/non- PPCM studies reviewed, 
there were 14 that met the inclusion criteria (353 women; 
(LVEF reported in 155 (44%))41–50 (online supplemental 
S51–54). LVEF was <50% in 43 (28%) women and there 
were 222 (63%) patients assessed for VT/VF and 304 
(86%) for maternal death, with VT/VF occurring in 34 
(15%) and maternal death in 7 (2%). Composite MACE 
was assessed in a minority of studies and was not readily 
amalgamated due to the heterogeneous format of the 
data. Specific composite MACE data are reported in 
online supplemental table 4.

DISCUSSION
Although absolute maternal mortality is declining in the 
general obstetric population, CVD- mediated maternal 
mortality is increasing. Perhaps this reflects overall 
improved morbidity and mortality in CVD, including 
women of childbearing age, who are interested in preg-
nancy. Women with CM and reduced LVEF are often 
quoted a 30% or higher rate of sustaining MACE during 
pregnancy.2 Over the last decade, in our tertiary care 
centre, we followed 32 women (3% total programme 
volume) with CM. In this study MACE was broadly 
defined, in order to capture all probable maternal 
MACE, yet the rate was only 18%, and the majority of 
women were prescribed GDMT prior to pregnancy. It 

Figure 2 Obstetric and fetal outcomes. There was no 
difference in the mode of delivery when women with MACE 
and no MACE were examined (MACE vaginal 4 (67%) vs 
caesarean 2 (33%) and no mace vaginal 11 (42%) vs 15 
(58%), p=0.28) (A). However, women with mace were more 
likely to have higher estimated blood loss with delivery 
(1058±231 mL vs 483±111 mL, p<0.05) (B). Infant weight 
was insignificantly different in women with MACE (2813±283 
g vs 2820±136 g, p=0.99), as was 1 and 5 min APGAR score 
(C, D). APGAR, Appearance, Pulse, Grimace, Activity and 
Respiration; MACE, major adverse cardiovascular events.

Figure 3 Flowsheet of systematic review data search. 
Flowsheet of studies identified, screened and reviewed for 
inclusion in the systematic review.
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is unclear whether or not GDMT for heart failure itself 
had an impact on the maternal MACE rate in such 
women. However, our data would at minimum imply 
that outcomes may be better than previously reported. 
Despite this, it is important to highlight that although 
LVEF prior to pregnancy was not different in the MACE 
and non- MACE cohorts, women with MACE in preg-
nancy demonstrated overall worse heart function imme-
diately postpartum and at late follow- up, implying that 
the negative impact of pregnancy on heart function may 
be sustained in women with underlying CM.

From the comprehensive systematic review of published 
MACE events in women with diverse categories of CM, 
we found that ventricular arrhythmia and death were 
the only two MACE events reported consistently (VT/VF 
15%–19%, maternal death 2%–6%) and were not dissim-
ilar between CM subtypes, similar to the tertiary care 
centre dataset. However, we acknowledge that the system-
atic review data is likely skewed due to disproportionate 
representation of PPCM.

From an obstetric standpoint, the operative delivery 
rate for our cohort was 54%, significantly higher than 
the national average of 32% (online supplemental S55). 

Hypertensive disorders of pregnancy (HDP) were found 
in 28% of this CM cohort, which is also higher than 
expected (8%) (online supplemental S5 and S6) and 
likely due to the higher proportion of PPCM, and the 
relationship between HDP and PPCM (online supple-
mental S5 and S7). Bleeding events were more significant 
in women with MACE, however, this may be explained 
by differences in operative delivery rates in women with 
MACE versus those without (67% vs 30%), although not 
statistically significant (p=0.08). MACE was not impacted 
by mode or location of delivery, and offspring from 
women with CM did not have any significant adverse 
neonatal outcomes, providing some reassurance that 
maternal risk does not necessarily increase neonatal risk.

Limitations
There are several limitations to this study. First, the 
overall number of women from the single centre cardio- 
obstetrics programme, although large for one site, is rela-
tively small. Second, data is gathered retrospectively and 
so it is unclear whether or not the associations demon-
strated are applicable to prospective cohorts. Third, there 
were disproportionate numbers of women with each 

Table 4 Cardiomyopathy subtype and MACE rates

Cardiomyopathy
Subtype

Tertiary care centre Systematic review

Assessed,
n (%)

Affected,
n (%)

Assessed,
n (%)

Affected,
n (%)

ICM 3 193

  Inotrope 3 (100) 0 0 NR

  LVAD 0 0 NR

  OHT listing 0 0 NR

  VT/VF 0 193 (100) 19 (10)

  Maternal death 0 193 (100) 11 (6)

  Composite MACE 0 193 (100) 108 (56)

PPCM 10 41 069

  Inotrope 10 (100) 2 (20) 240 (0.6) 2 (0.8)

  LVAD 0 35 237 (86) 541 (1.5)

  OHT listing 0 661 (1.6) 29 (4.4)

  VT/VF 1 (10) 1132 (2.8) 217 (19)

  Maternal death 1 (10) 40 780 (99) 612 (1.5)

  Composite MACE 4 (40) 40 826 (99) 4972 (12)

NICM 19 353

  Inotrope 19 (100) 2 (11) 0 NR

  LVAD 0 0 NR

  OHT listing 0 0 NR

  VT/VF 0 222 (63) 34 (15)

  Maternal death 0 304 (86) 7 (2)

  Composite MACE 2 (11) 0 NR

ICM, ischaemic cardiomyopathy; LVAD, left ventricular assist device; MACE, major adverse cardiovascular event; NICM, non- ischaemic 
cardiomyopathy; NR, not reported; OHT, orthotopic heart transplant; PPCM, peripartum cardiomyopathy; VT/VF, ventricular tachycardia/
ventricular fibrillation.
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subtype of CM. More specifically, in both the single- centre 
and systematic review data, the ICM cohort was small. In 
addition, there was a disproportionate representation of 
PPCM in the systematic review cohort. Each of these may 
have skewed the findings relative to the specific type of 
underlying CM. Fourth, we recognise the decision about 
inotrope prescription relies on clinical approach and 
may be, in part, subjective based on the clinical scenario 
and assessment by the treatment team at the time of 
presentation. Additionally, although qualitative analysis 
was performed, heterogeneity in reported MACE events 
and the assessment of left ventricular dysfunction prohib-
ited any meaningful analysis between the single- centre 
group and systematic review generated data. Finally, we 
conducted a through systematic review, however inclu-
sion of case series and with <10 subjects can pose a risk 
for publication bias of unusual or difficult cases.

CONCLUSION
In this contemporary cohort of women with CM, the 
composite maternal MACE rate was lower than previ-
ously reported. However, LVEF in women with MACE was 
negatively impacted immediately after delivery and in late 
postpartum follow- up, suggesting that pregnancy itself 
likely has influence on future heart function in women 
with CM. Women with CM who had maternal MACE also 
demonstrated higher peripartum bleeding risk, yet other 
obstetric and fetal outcomes were reassuring.

The findings of this study are important to convey 
to women with CM who are contemplating pregnancy. 
It is reassuring that the MACE rate is likely lower than 
what has previously been reported. However, the long- 
term impact of pregnancy on heart function is a serious 
consequence and cannot be understated. In our tertiary 
care centre cohort, PPCM and NICM loosely appear to 
hold higher risk for MACE. However, numbers are small 
and this area request further broad investigation. Future 
studies collecting data on women with diverse CM pheno-
types will be required to determine exactly which women 
are of higher risk during the incident pregnancy and in 
subsequent pregnancies.
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