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Abstract

Background and The epidemiology of peripartum cardiomyopathy (PPCM) in Europe is poorly understood and data on long-term outcomes
Aims are lacking. A retrospective, observational, population-level study of validated cases of PPCM in Scotland from 1998 to 2017
was conducted.

Methods Women hospitalized with presumed de novo left ventricular systolic dysfunction around the time of pregnancy and no clear
alternative cause were included. Each case was matched to 10 controls. Incidence and risk factors were identified. Morbidity
and mortality were examined in mothers and children.

Results The incidence of PPCM was 1 in 4950 deliveries. Among 225 women with PPCM, obesity, gestational hypertensive disor-
ders, and multi-gestation were found to be associated with having the condition. Over a median of 8.3 years (9.7 years for
echocardiographic outcomes), 8% of women with PPCM died and 75% were rehospitalized for any cause at least once.
Mortality and rehospitalization rates in women with PPCM were ~12- and ~3-times that of controls, respectively. The com-
posite of all-cause death, mechanical circulatory support, or cardiac transplantation occurred in 14%. LV recovery occurred
in 76% and, of those who recovered, 13% went on to have a decline in LV systolic function despite initial recovery. The
mortality rate for children born to women with PPCM was ~5-times that of children born to controls and they had an
~3-times greater incidence of cardiovascular disease over a median of 8.8 years.

Conclusions PPCM affected 1 in 4950 women around the time of pregnancy. The condition is associated with considerable morbidity and
mortality for the mother and child. There should be a low threshold for investigating at-risk women. Long term follow-up,
despite apparent recovery, should be considered.
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Structured Graphical Abstract

Key Question

What is the epidemiology of peripartum cardiomyopathy (PPCM) at population-level, with long-term follow-up for mothers and children?

Key Finding

In this population-level study in Scotland, one in 4950 women developed PPCM around the time of pregnancy. During a median
follow-up of 8.3 years, death occurred in 8% and recovery of left ventricular ejection fraction (LVEF) in 76%. Among the latter, 13% had a
subsequent decline in LVEF. Mortality in PPCM children was 5-fold higher than that of control children, with a 3-fold greater incidence of

cardiovascular disease.

Take Home Message

PPCM is associated with considerable morbidity and mortality for mothers and children. Attention should be paid to women with risk
factors, including gestational hypertensive disorders, multigestational pregnancy and obesity.

Peripartum cardiomyopathy in Scotland

Risk factors in 225 women with PPCM

Pregnancy-induced hypertension 2.7 times more likely

Pre-eclampsia 3.2 times more likely
Multigestational pregnancy

Obesity

Maternal outcomes

Median follow-up 8.3 years

3.2 times more likely

1.5 times more likely

4

LV recovery (LVEF = 55%)

. Median follow-up 9.7 years

Incidence

1 in 4950 women
around the time
of pregnancy

Chlld outcomes
. Median follow-up 8.8 years
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Graphical summary of the main study findings. CV, cardiovascular; LV, left ventricular; LVEF, left ventricular ejection fraction; PPCM, peripartum

cardiomyopathy.
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Introduction

Peripartum cardiomyopathy (PPCM) is a type of heart failure, secondary
to left ventricular (LV) systolic dysfunction (LVSD), identified around the
time of pregnancy.” The incidence of PPCM varies between countries; in
White populations in the United States it is reported to be 1 in 1000-
4000 and in Black populations, it is reported to be higher at 1 in
1000-2000.> There are few estimates of how common PPCM is in
Europe.>* Several factors are associated with the development of
PPCM, including hypertensive disorders of pregnancy, multi-parity,
and genetics, emphasizing its pathophysiological heterogeneity.>®
Outcomes for both the mother and child vary according to region and

race.” While true regional variation probably does exist, it is likely that
some of the differences in incidence and outcomes are explained by in-
consistencies in data sources, definitions of PPCM, inclusion criteria, and
study methodologies. There are also gaps in our understanding of long-
term outcomes (beyond 5 years). In Western Europe, there are two
population studies (Denmark and Sweden) and a multicentre registry
(Germany) which include women with PPCM,>*#? but there are no pub-
lished studies examining a whole population, with long-term follow-up
for both the mother and child. In this retrospective, observational,
population-level study, we describe the incidence of and characteristics
associated with the development of PPCM in Scotland. In addition, we
report outcomes in affected women and their children over 20 years.
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Methods

Data sources

In Scotland, everyone has free access to healthcare, both in general practice
and hospital, through the National Health Service (NHS). Nearly all health-
care is delivered through the NHS. At birth, every resident receives a unique
identifying number and all healthcare contacts thereafter are linked through
this, as are death records. The equivalent data for children can be linked to
their mother’s record through this identifier. These population-level admin-
istrative data were used in the present study, supplemented by data col-
lected from case records across Scotland. The Scottish Morbidity Record
(SMR) captures data on hospitalizations and day case attendances in NHS
hospitals.'® Demographics, medical conditions, and surgical procedures
are included. Each record includes up to six International Classification of
Diseases (ICD) diagnostic codes and procedures are recorded using the
OPCS Classification of Interventions and Procedures. SMRO1 relates to
general or acute inpatient and day cases and SMRO2 to maternity and deliv-
eries, including obstetric and neonatal data. The accuracy of coding of car-
diovascular (CV) conditions in SMRO1 is high: e.g. heart failure 91%,
myocardial infarction 99%."" In this study, case records were reviewed to
ensure high accuracy. Data sources are listed in full in the Supplementary
data online, Appendix.

Study population

Cases

Consecutive cases of PPCM were selected by (i) identifying possible cases
through specific discharge codes, and (ii) validating the presumptive diagnosis
through review of case records. Women with a discharge diagnosis of PPCM,
heart failure, or cardiomyopathy up to 6 months before or 2 years after a
pregnancy outcome (delivery or termination) were identified. ICD codes
used are listed in the Supplementary data online, Appendix. Inclusion criteria
in the validation stage were: impaired LV systolic function [LV ejection frac-
tion (LVEF) on transthoracic echocardiography <50% or qualitative assess-
ment reporting LV systolic dysfunction if LVEF unavailable], no clear
alternative cause, no pre-existing diagnosis of LVSD or cardiomyopathy,
and presentation during pregnancy (excluding the first trimester) to 2 years
postpartum. In particular, LVSD associated with specific aetiological pro-
cesses was excluded (e.g. myocarditis, primary valvular heart disease, severe
sepsis). Full inclusion and exclusion criteria are in the Supplementary data
online, Appendix. The final study cohort included consecutive women with
PPCM from 1998 to 2017. ICD codes in validated cases and non-cases
were used to identify the combination of ICD codes (present/absent) result-
ing in the optimal sensitivity for PPCM (92%). This method was used to iden-
tify cases of PPCM in women without records available for validation and is
detailed in the Supplementary data online, Appendix. The study consort dia-
gram is in the Supplementary data online, Appendix.

Controls

Each case was matched to 10 controls, except for two cases for whom five
controls were available. Controls were women without PPCM/heart fail-
ure/cardiomyopathy matched for (i) age at delivery, (ii) year of delivery
+1 year, and (iii) health board of delivery. If matching was limited by smaller
health boards or extremes of age, the health board criterion was dropped.

Children

Children of cases and controls who could be linked to their mother were
included. In some cases, children were included at the neonatal stage, but
not beyond this (i.e. if linkage with their mother beyond delivery was not
possible).

Sensitivity analysis
Incidence was calculated in England from 2003 to 2017 using Hospital
Episode Statistics, a database of NHS hospital attendance in England."”

Characteristics and outcomes

Demographics, comorbidities, clinical (including laboratory tests, electro-
cardiographic and echocardiographic data), obstetric, and neonatal data
were examined by combining administrative data and data collected from
case records. LVEF was obtained from transthoracic echocardiogram re-
ports and, where only qualitative assessment of LV function was provided,
LVEF was assigned as the category midpoint (mild, 50%; moderate, 40%; se-
vere, 25%). The following outcomes were analysed: all-cause death, all-
cause rehospitalization, CV rehospitalization, a composite of all-cause
death, or CV rehospitalization, a composite of subsequent stroke or
thromboembolism (not including events that were identified at the index
presentation), a composite of all-cause death, intra-aortic balloon pump
(IABP), ventricular assist device (VAD) or extracorporeal membrane oxy-
genation (ECMO), or cardiac transplantation, device therapy [implantable
cardioverter defibrillator (ICD) or cardiac resynchronization therapy
(CRT)], LV recovery (defined as LVEF >55% or normal qualitative assess-
ment) and LV decline after recovery [defined as the first reduction in
LVEF of >10% (percentage points) from the LVEF at recovery and to
<50% if also present on the subsequent echocardiogram, unless the final
echocardiogram]. Neonatal and child outcomes, including death, hospital-
ization, and disease incidence were analysed. A full list of definitions and
sources is in the Supplementary data online, Appendix.

Statistical analysis

Incidence rates were derived using population estimates from the National
Records of Scotland Births Time Series Data and Office for National
Statistics.">"* Comparisons were performed using t-tests, Wilcoxon rank-
sum test, and chi-squared tests where appropriate. Associations between
patient characteristics and the development of PPCM were examined using
logistic regression, adjusted for age at delivery, year of delivery (1998-2007
vs. 2008-17), and health board of delivery. The discriminatory ability of each
model was assessed using the C-statistic. Event rates were calculated using
the start date of the episode of care during which the diagnosis was made
(or date of baseline echocardiogram for LV recovery) for women with
PPCM, delivery date for controls, and birth date for children, to the start
date of the episode of care during which the event occurred, or procedure
date, or death or censor date (31 December 2017 for non-echocardio-
graphic outcomes and 31 December 2019 for echocardiographic out-
comes) if no event occurred. Cumulative incidences were displayed using
Kaplan—Meier curves. Numbers were not displayed if they violated privacy
requirements (generally n < 5). Rate ratios were derived using the method
by Rothman et al.'® Multivariable Cox and logistic regression using back-
ward selection and P-value <.1 to retain the variable in the model were
used to examine variables associated with two outcomes: (i) all-cause death
or CV rehospitalization and (ii) LV recovery within 1 year. Women who
died before recovery were categorized as unrecovered and as recovered
if death occurred after recovery. Missing data were excluded. A two-sided
P-value <.05 was considered statistically significant. Analyses were per-
formed using Stata v16 (StataCorp LLC, College Station, TX, USA).
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement guidelines were followed.

Results

Incidence

From 1998 to 2017, 225 women in Scotland fulfilled the definition of
incident PPCM, with 90% of these validated through individual case re-
cord review. The incidence of PPCM was 2.02 (95% Cl 1.76-2.29) per
10 000 deliveries (or 1in 4950) and was similar irrespective of whether
an inclusion threshold of 6 months (n = 197, 88% of cases), 1 year (n =
209, 93% of cases), or 2 years (n = 225, all cases) post-delivery was ap-
plied (Figure 1, Supplementary data online, Table S7). The incidence was
similar in England (2.12 per 10 000 deliveries, 95% Cl 2.03-2.21) (see
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Figure 1 Incidence of PPCM and age at delivery in Scotland from 1998 to 2017

Supplementary data online, Figure S1 and Table S2). The mean age of
women with PPCM in Scotland at delivery was 31.9 years (95% ClI
31.6-32.1). The incidence of PPCM per 10000 deliveries was higher
in women >32 years than in those aged <32 years (3.34, 95% ClI
2.90-3.78 vs. 145, 95% Cl 1.26-1.64) (see Supplementary data
online, Figure S2, Supplementary data online, Table S3).

Patient characteristics

Compared to controls, women with PPCM had worse socioeconomic
deprivation, were more often obese (35% vs. 21%), and more frequent-
ly had a history of smoking (41% vs. 33%), hypertension (17% vs. 8%)
and diabetes (9% vs. 5%) (Table 1). They more often had a pregnancy
complicated by pregnancy-induced hypertension (34% vs. 8%), pre-
eclampsia (20% vs. 2%), and postpartum haemorrhage (36% vs. 27%),
more frequently were multi-parious, had a multi-gestational pregnancy
(8% vs. 2%), a shorter estimated gestation (38 weeks vs. 40 weeks) and
emergency caesarean section (36% vs. 17%).

PPCM was diagnosed after delivery in 82%. Overall, 30% of women
with PPCM required admission to an intensive care unit, 13% had a
thromboembolic event identified at the index presentation and 4%
had a LV thrombus. The majority were in sinus rhythm (95%) and
14% had bundle branch block on electrocardiogram. Baseline LVEF
was 35% (+11) and LV end-diastolic diameter (LVEDD) was 57 mm
(£8).

Factors associated with the development
of PPCM
In a multivariable model adjusted for age, year of delivery, and health
board, obesity (OR 1.47,95% CI 1.02-2.14), pregnancy-induced hyper-
tension (OR 2.66, 95% Cl 1.58—4.45), pre-eclampsia (OR 3.22, 95% Cl
1.53-6.81), and multi-gestation (OR 3.21, 95% CI 1.45-7.13) were in-
dependently associated with the development of PPCM (Figure 2). The
C-statistic for the model was 0.72 (95% Cl 0.68-0.77).

Since certain obstetric/delivery factors may be directly related
to the presence of established cardiac disease, an exploration of

obstetric associations was conducted separately in 182 women
diagnosed postpartum. Independent associations were similar, ex-
cept for obesity, and with the addition of multi-parity (see
Supplementary data online, Figure $S3). None of the direct obstetric
factors were significant. The C-statistic for the model was 0.74
(95% Cl 0.70-0.79).

Outcomes

Maternal outcomes

Linked outcome data were available in 221 women with PPCM with a
median follow-up of 8.3 years [interquartile range (IQR) 4.0-12.9], to-
taling 1911 person-years. Minimum 5- and 10-year follow-up was avail-
able in 157 (71%) and 95 (43%), respectively.

A total of 17 (7.7%, 95% Cl 4.8-12.1) women with PPCM and 15
controls (0.7%, 95% ClI 0.4-1.1) died from any cause (Table 2). A total
of 166 (75.1%, 95% Cl 69.0-80.4) women with PPCM and 971 controls
(44.1%, 95% Cl 42.1-46.2) were rehospitalized for any cause. The
causes of the first subsequent non-maternity rehospitalization are
shown in Supplementary data online, Figure S4. In women with
PPCM, death and rehospitalization occurred at a rate of 12.0- and
3.4-times that of controls, respectively (Table 2, Figure 3).

The proportions of women with PPCM who had died at 30 days,
6 months, 1 year, and 5 years were: 2.3% (95% Cl 0.9-5.3), 2.8%
(95% ClI 1.2-6.0), 3.8% (95% Cl 1.9-7.4), and 3.8% (95% CI 1.7-8.3),
respectively (see Supplementary data online, Table $4).

After the index presentation, there were 894 further hospitalizations
among women with PPCM, resulting in a total of 2621 days in hospital
(see Supplementary data online, Table S5). Overall, 54% of women had
recurrent rehospitalizations (i.e. two or more further hospitalizations).

Not including events during the index hospital admission, subsequent
stroke or thromboembolism occurred in 15 (7%, 95% Cl 4-11) women
with PPCM and in 7 (0.3%, 95% Cl 0.2-0.7) controls, with a rate ratio of
23.79 (95% CI 9.70-58.34) (Table 2 and Figure 3).

The composite of death, IABP, VAD, or cardiac transplantation
occurred in 30 (14%, 95% Cl 10-19) women with PPCM (Table 2).
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Table 1 Patient characteristics

Controls
n=2240

Age (years)
Deprivation quintile
1 (most deprived)
2
3
4
5
Body mass index (kg/m?)
Body mass index >30 kg/m?
Smoking (current/former)
Prior hypertension
Prior diabetes
Obstetric factors
Gestational diabetes
Pregnancy-induced hypertension
Pre-eclampsia
Antepartum haemorrhage
Postpartum haemorrhage
Parity >1
Parity >2
Parity >3
Multi-gestation®
Estimated gestation (weeks)®
Estimated gestation <37weeks®
Pregnancy outcome
Live birth
Stillbirth
Termination
Induction of labour®
Mode of delivery, baby 1?
Vaginal
Elective caesarean
Emergency caesarean
Clinical features at index presentation
Timing of diagnosis
Postpartum
Prepartum
Heart rate (bpm)

Heart rate >90 bpm

596 (24.2)
449 (18.3)
457 (18.6)
470 (19.1)
488 (19.8)
265460
369 (22.9)
796 (33.8)
217 (8.8)
126 (5.1)

51 (2.1)
259 (10.5)
94 (3.8)
169 (6.9)
696 (28.2)
618 (25.2)
230 (9.4)
103 (4.2)
59 (24)
39 (38-40)
205 (8.3)

2448 (99.3)
12 (0.5)
5(0.2)

634 (26.1)

1654 (67.2)
348 (14.1)
458 (18.6)

76 (33.9)
37 (16.5)
38 (17.0)
35 (15.6)
38 (17.0)
282470
68 (34.7)
91 (412)
38 (16.9)
20 (8.9)

7(3.1)
77 (342)
44 (19.6)

13 (5.8)
81 (36.0)
68 (30.2)
38 (16.9)

22 (9.8)

18 (82)

38 (36-40)
56 (25.5)

216 (96.0)
4(18)
5(22)

62 (30.5)

99 (45.0)
41 (186)
80 (36.4)
n =202

165 (81.7)
37 (183)
108 (90-125)
136 (73.1)

520 (23.3)
412 (18.4)
419 (18.7)
435 (19.5)
450 (20.1)
263458
301 (21.2)
705 (33.1)
179 (8.0)
106 (4.7)

44 (20)
182 (8.1)
50 (2.2)
156 (7.0)
615 (27.5)
550 (24.6)
192 (8.6)
81 (3.6)
41 (18)
40 (38-40)
149 (6.7)

2232 (99.6)
8 (0.4)
0(00)

572 (25.7)

1555 (69.4)
307 (137)
378 (16.9)

<.001
<.001
016
<.001
.007

.25
<.001
<.001

.50

.007

066
<.001
<.001
<.001
<.001
<.001
<.001

A3
<.001

852
852
113
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16
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Continued
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Table 1 Continued

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Intravenous diuretic therapy
Intensive care

Intubation and ventilation

Renal replacement therapy
Pharmacological haemodynamic support
Stroke or thromboembolism

LV thrombus

Laboratory tests
Haemoglobin (g/L)

White blood cells (x10%/L)
Platelets (x10%/L)

Serum creatinine (umol/L)
Serum albumin (g/L)
Electrocardiogram

Sinus rhythm

QRS duration (ms)

Bundle branch block

QTc interval (ms)

Any electrocardiogram abnormality®
Echocardiogram

LV ejection fraction (%), mean
LV ejection fraction (%), median
LV ejection fraction <45%

LV end-diastolic diameter (mm)

PPCM Controls P value Missing
n=225 n=2240
. 134 (1 207154) ................................................................ 23 .....
85 (73-100) 25
132 (70.6) 15
60 (29.7) 0
48 (23.9) 1
7 (3.6) 5
29 (14.9) 7
26 (12.9) 0
8 (4.0) 0
n=202
114 (101-126) 11
11.6 (9.1-14.6) 1
283 (205-378) 12
68 (57-83) 9
31 (26-35) 17
n=181
172 (95.0) 0
83 (76-94) 1
26 (14.4) 1
451 (425-483) 4
138 (77.5) 3
n=202
35+11 5
36 (25-43) 5
155 (78.7) 5
57+8 28

*n=>5 terminations in PPCM group excluded.

®Defined as bundle branch block, QTc interval >470 ms, ventricular ectopy, abnormal R wave progression, or ST-T segment changes.

Of 218 women with PPCM with data on device therapy (from years
2000 for ICD and 2006 for CRT), 20 (9%, 95% Cl 6—14) received either
an ICD or CRT. Of those with an ICD, 17 had device follow-up data and
5 (29%) received appropriate shock therapy at a median of 19 months
(IQR 11-63) after device implantation.

LV recovery

LV recovery was analysed in 197 women with an echocardiogram at
baseline and at least one additional echocardiogram (88% of the total
cohort/98% of those with a baseline echocardiogram). In these women,
data from 1408 echocardiograms were collected over a median echo-
cardiographic follow-up of 9.7 years (IQR 5.8-14.2), totaling 2024
person-years. Quantitative assessment of LVEF was available in 1062
(75%) echocardiograms.

Overall, 149 (76%, 95% CI 67—79) women had LV recovery (LVEF
>55% or qualitative assessment of preserved/normal) at a median of
214 days (IQR 66-694) (Figure 4, Supplementary data online,
Table S6). A total of 34% (95% Cl 27—40) women had LV recovery with-
in 6 months, 47% (95% Cl 40-54) within 1 year, 71% (95% Cl| 64-77)
within 5 years and 76% (95% Cl 67-83) within 10 years (see
Supplementary data online, Table S6). LV decline [the first reduction
in LVEF of >10% (percentage points) from the LVEF at recovery and
to <50% is also present on the subsequent echocardiogram, unless
the final echocardiogram] occurred in 20/149 women who had recov-
ered (13%, 95% Cl 9-20) at a median of 2.9 years (IQR 1.0-6.0) after
recovery. In those women with LV decline, median decline in LVEF
was 18.5% (IQR 14-23). As a sensitivity analysis, the definition of LV de-
cline was expanded to capture women with two consecutive
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Odds ratio
(95% CI) Pvalue Z score
Deprivation quintile
1 (most deprived) 1.00
2 S 0.62 (0.37, 1.02) 0.061 1.87
3 — 0.60 (0.36, 1.02) 0.060 -1.88
4 — 0.61 (0.35, 1.05) 0.072 -1.80
5 ——r 0.65 (0.38, 1.13) 0.128 -1.52
BMI >30kg/m2 et 1.47 (1.02, 2.14) 0.041 2.04
Smoking —— 1.29 (0.90, 1.83) 0.164 1.39
Prior diabetes —_—— 1.53 (0.77, 3.06) 0.226 1.21
Prior hypertension ——— 1.37 (0.81, 2.31) 0.238 1.18
Pregnancy-induced hypertension ——— 2.66 (1.58, 4.45) <0.001 3.70
Pre-eclampsia —_— 3.22 (1.53,6.81) 0.002 3.07
Parity >2 —— 1.64 (0.99, 2.72) 0.055 1.92
Multiple gestation — 3.21(1.45,7.13) 0.004 2.87
Postpartum haemorrhage 1— 1.31(0.91, 1.89) 0.150 144
Antepartum haemorrhage —— 0.66 (0.32, 1.35) 0.253 -1.14
I 1 I I |
0.1 0510 3.0 10.020.0
Odds ratio and 95% CI

Figure 2 Factors associated with the development of PPCM (multi-variable). Forest plot displaying maternal characteristics associated with the de-
velopment of PPCM in a multivariable logistic regression model (also adjusted for maternal age, year of delivery, and health board). Odds ratio and 95%

confidence intervals are shown. n = 1582 with complete data in final model

echocardiograms meeting these thresholds at any time; this occurred in
22/149 women (15%, 95% CI 10%—-21%) at a median of 3.3 years (IQR
1.2-6.1) after recovery.

Predictors of maternal outcomes

The following candidate variables were included: age, smoking, worst
deprivation quintile, BMI >30 kg/m? pre-eclampsia, diabetes (any
kind, including gestational in the index or a prior pregnancy) parity
>2, heart rate, systolic blood pressure, bundle branch block, QTc inter-
val, LVEF, and LVEDD. In total, 140 women with complete data were in
the final models. QTc interval and QRS duration were not strongly cor-
related (R=.395). QTc interval (per 10 ms increase), smoking, most
deprived quintile and bundle branch block were associated with all-
cause death or CV rehospitalization [QTc hazard ratio (HR) 1.09,
95% CI 1.02-1.17, smoking HR 1.89, 95% Cl, 1.09-3.27, worst depriv-
ation quintile HR 1.77,95% Cl 1.02-3.07, bundle branch block HR 1.93,
95% Cl 1.01-3.71]. Only LVEDD (per mm increase) was associated
with LV recovery at 1 year with an inverse relationship (OR 0.94,
95% Cl 0.89-0.98).

Children

Median follow-up of PPCM children was 8.8 years (IQR 4.2-13.2),
totaling 1946 person-years. Neonatal outcomes were available in

239 PPCM children and 2231 control children (pregnancies ending
in termination were excluded). Compared to control children,
PPCM children were more frequently premature and delivered
by caesarean section, had lower birth weights and APGAR scores,
and were more often admitted to a neonatal unit (Table 3). An ad-
verse neonatal outcome, defined as a composite of prematurity
(estimated gestation <37 weeks), low birth weight (<2500 g), still-
birth, or early neonatal death (death within 7 days of delivery),
occurred in 32% of PPCM children and 10% of control children
(P <.001).

Long-term data were available for 216 PPCM children and 1985 con-
trol children. Including stillbirths and early neonatal deaths (within
7 days), death from any cause occurred in 8 (3.7%, 95% Cl 1.9-7.3)
PPCM children and 16 (0.8%, 95% CI 0.5-1.3) control children, with
a mortality rate ratio of 4.72 (95% Cl 2.02-11.02) (Table 4). The inci-
dence of CV disease in PPCM children was 3.40-times (95% Cl 1.23—
9.44) that of control children.

Discussion

In this 20-year population study, PPCM affected 1 in 4950 women
around the time of pregnancy. Although around three-quarters of wo-
men had LV recovery, adverse outcomes occurred more often in
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Table 2 Maternal outcomes

All-cause death
Number
% (95% Cl)
Rate per 1000 person-years (95% Cl)
Rate ratio (95% Cl)
All-cause rehospitalization
Number
% (95% Cl)
Rate per 1000 person-years (95% Cl)
Rate ratio (95% Cl)
CV rehospitalization
Number
% (95% Cl)
Rate per 1000 person-years (95% Cl)
Rate ratio (95% Cl)
All-cause death or CV rehospitalization
Number
% (95% Cl)
Rate per 1000 person-years (95% Cl)
Rate ratio (95% Cl)
Subsequent stroke or thromboembolism
Number
% (95% Cl)
Rate per 1000 person-years (95% Cl)
Rate ratio (95% Cl)
All-cause death, IABP, VAD, ECMO, or cardiac transplantation
Number
% (95% Cl)
Rate per 1000 person-years (95% Cl)
Intra-aortic balloon pump
Number
% (95% Cl)
VAD, ECMO or cardiac transplantation
Number
% (95% Cl)
Device therapy® (n =218)
Number

% (95% Cl)

PPCM Controls

n=221 n=2210
17 15

7.7 (4.8-12.1) 0.7 (0.4-1.1)

8.9 (5.5-14.3) 0.7 (0.4-1.2)

11.98 (5.98-23.99)

166 971
75.1 (69.0-80.4) 441 (42.1-462)
243.6 (206.2-283.6)

3.36 (2.58-4.36)

726 (68.1-77.3)

89 101
403 (34.0-46.9) 46 (3.8-5.5)
70.1 (57.0-86.3) 52 (42-63)

13.58 (10.22-18.06)

9% 115
43.4 (37.0-50.1) 52 (44-622)
75.6 (61.9-92.4) 59 (49-7.1)

12.87 (9.81-16.87)

15 7
6.8 (4.1-11.0) 03 (02-07)
82 (5.0-137) 03 (02-0.7)

23.79 (9.70-58.34)

30 -
136 (9.6-188) -
16.4 (11.5-23.5) -

16 -

7.2 (45-115) -

3.6 (1.8-7.1) -

20 -

9.2 (6.0-13.8) -

Continued
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Table 2 Continued

Number
% (95% Cl)
ICD
Number
% (95% Cl)
ICD type
Primary prevention—number (%)
Secondary prevention—number (%)

Appropriate shock therapy (n = 17 with data)

Controls
n=2210

32 (1.5-6.6) -

18 -
8.3 (5.3-12.8) -

11 (61.1) .
7 (389) -
5 (29.4) -

Outcomes are after diagnosis in women with PPCM and after delivery in controls.
“Implantable cardioverter defibrillator or cardiac resynchronization therapy.

CV, cardiovascular; IABP, intra-aortic balloon pump; VAD, ventricular assist device; ECMO, extracorporeal membrane oxygenation; CRT, cardiac resynchronization therapy; ICD,

implantable cardioverter defibrillator.

All-cause death

All-cause rehospitalization

CV rehospitalization

84 84 84
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Figure 3 Cumulative incidences of death, rehospitalization, CV rehospitalization, death or CV rehospitalization, and subsequent stroke or thrombo-
embolism in women with PPCM and controls. Kaplan—Meier graphs illustrate the cumulative incidence of outcomes in women with PPCM and controls.
Subsequent stroke or thromboembolism excludes events during the index hospital admission

women with PPCM than in healthy controls and around one in eight
women had LV decline after apparent recovery. It was notable that cu-
mulative incidences of death and rehospitalization for women with
PPCM and controls appeared to stop diverging at around 5 years.
Smoking, socioeconomic deprivation, QTc interval, and bundle branch
block were most strongly associated with death or CV rehospitalization

in women with PPCM, and LVEDD was associated with LV recovery at
1 year. The current study also provides data on long-term outcomes for
children, which have never before been reported; mortality was
~b5-times greater in children born to women with PPCM than in those
born to controls and incident CV disease was more common
(Structured Graphical Abstract).
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LV recovery

100
1

Total:
149/197 (75.6%)

90

50 60 70 80
1 1 1 1

40
1

1 year
93/197 (47%)

Cumulative incidence (%)

30
1

6 months
66/197 (34%)

225.6 per 1000py (192.1-254.9)

5 years
118/167 (71%)

10 years
75/99 (76%)

T T
0 2

.

Years

LV decline

100
1

Total:
20/149 (13.4%)
15.5 per 1000py (10.0-24.0)

60 70 80 90
1 1 1

50
1

1

Cumulative incidence (%)
30 40
1

20
1

10
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0 2 4
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6 8 10

Years from recovery

Figure 4 Cumulative incidences of LV recovery and LV decline. Kaplan—Meier graphs illustrate the cumulative incidence of LV recovery (from the date
of baseline echocardiogram) and of subsequent LV decline (from the date of recovery) in women with PPCM. Proportions shown are of women with
complete follow-up at each time point. LV recovery defined as LVEF >55% or qualitative assessment of preserved/normal LV function. LV decline de-
fined as the first reduction in LVEF of >10% (percentage points) from the LVEF at recovery and to <50% if also present on the subsequent echocar-

diogram, unless the final echocardiogram

The incidence of PPCM varies from 1in 100 to 1 in 20 000 deliveries
worldwide."®"” In Europe, one other small study has reported the inci-
dence of validated PPCM at population-level with an estimate of 1 in
10 149 deliveries.® Whilst regional differences are likely to exist, dis-
cordance may be driven by differences in methods and inclusion criteria
(e.g. retrospective vs. prospective; population vs. single/multicentre;
consecutive vs. non-consecutive; administrative vs. clinical data; ICD
coding vs. validated cases; exclusion criteria vs. none; early vs. late post-
partum case identification; LVEF inclusion thresholds). The current

study captures consecutive, expertly validated, hospitalized cases in a
whole population with rigorous exclusion criteria. PPCM is likely under-
reported globally due to asymptomatic LVSD remaining undiagnosed
and a failure to recognize symptoms as pathological. More comprehen-
sive diagnostic criteria, with explicit exclusion criteria, are required to
define the condition more clearly. Current criteria mandate an arbitrary
LVEF of <45%." It has been shown that a ‘normal’ LVEF for women is
higher than that for men,"® and all women with a reduction in LV sys-
tolic function were included in this study. In the future, more
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Table 3 Neonatal outcomes

Total PPCM children Control children P value Missing
n=2470 n=239 n=2231
. Boy ................................................ 1249 (506) ..................... 111 . (464) ..................... 1138 (510) ................... 18 ................... 0 .....
Estimated gestation (weeks) 39 (38-40) 38 (36—40) 40 (38-40) <.001 0
Estimated gestation <37weeks 234 (9.5) 68 (28.5) 166 (7.5) <.001 0
Mode of delivery <.001 0
Vaginal 1627 (65.9) 101 (42.3) 1526 (68.4)
Elective caesarean 371 (15.0) 49 (20.5) 322 (14.4)
Emergency caesarean 472 (19.1) 89 (37.2) 383 (17.2)
Birthweight (g) 3410 (3036-3780) 3145 (2620-3680) 3430 (3080-3780) <.001 7
Low birth weight (<2500 g) 202 (8.2) 50 (214) 152 (6.8) <.001 7
APGAR score 5 min 9 (9-9) 9 (9-9) 9 (9-9) <.001 50
APGAR score 5 min <.001 50
8-10 2351 (97.1) 205 (90.7) 2146 (97.8)
67 44 (1.8) 13 (5.8) 31 (14)
<5 25 (1.0 8 (3.5) 17 (0.8)
Invasive ventilation 34 (1.6) 15 (7.1) 19 (1.0) <.001 282
Neonatal unit admission 289 (12.0) 80 (34.5) 209 (9.6) <.001 58
Status at maternity discharge <.001 16
Discharged 2268 (92.4) 173 (77.6) 2095 (93.9)
Inpatient 166 (6.8) 44 (19.7) 122 (5.5)
Stillbirth/early neonatal death 20 (0.8) 6 (2.7) 14 (0.6)
Adverse neonatal outcome® 289 (11.8) 75 (32.2) 214 (9.6) <.001 6
*Composite of prematurity (estimated gestation <37 weeks), low birth weight (<2500 g), stillbirth, or early neonatal death (death within 7 days of delivery).
Table 4 Child mortality and morbidity
PPCM children n =216 Control children n = 1985
Number % (95% CI) Rate per 1000py Number % (95% CI) Rate per Rate ratio
(95% ClI) 1000py (95% CI) (95% ClI)
. A”Causedeath TR 8 ............ 37 (19_73) .......... 4 1 (21 _82) ............ 16 ............ 08 (05_13) ........ 09 (05_14) ......... 472 (202_11 02) .
All-cause 116 53.7 (47.0-60.3) 111.7 (93.1-133.9) 915 46.1 (43.9-48.3) 789 (74.0-84.2) 141 (1.17-1.72)
hospitalization
Cardiovascular disease 5 2.3 (1.0-5.5) 26 (1.1-6.3) 14 0.7 (04-1.2) 0.8 (1.3-14.0) 340 (1.23-9.44)
Non-cardiovascular 15 69 (42-11.2) 8.2 (5.0-13.7) 75 3.8 (3.0-47) 42 (34-53) 1.96 (1.13-3.42)
congenital anomaly
Respiratory disease 48 222 (17.1-283)  29.8 (22.5-39.6) 352 17.7 (16.1-19.5) 223 (20.1-24.8) 1.34 (0.99-1.81)

Gastrointestinal disease 37 17.1 (12.6-22.8)

37 (19-73)

224 (162-309) 265
42 (21-8.4) 72

134 (11.9-14.9)
3.6 (29-45)

16.1 (143-18.1)
40 (3.2-5.1)

1.39 (0.99-1.96)

Infection 8 1.04 (0.50-2.17)
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comprehensive phenotyping will help advance our understanding of the
complex spectrum of LVSD around the time of pregnancy, which in-
cludes women with placental and vascular insults, a genetic predispos-
ition to dilated cardiomyopathy (DCM), and other precursors such as
hypertension, diabetes, and obesity. Indeed, PPCM with a heart failure
and preserved ejection fraction phenotype has also been proposed.'”

Obesity, pregnancy-induced hypertension, pre-eclampsia, and multi-
gestation were associated with the development of PPCM. Greater ma-
ternal age also appeared to be relevant. Specifically, we observed that
20% had a history of pre-eclampsia. There is debate as to whether pre-
eclampsia represents a separate process or is an aetiology of PPCM, but
previous registries have included women with pre-eclampsia. The
prevalence of gestational hypertensive disorders in our study was simi-
lar to others.”?® This may support screening certain at-risk groups of
women for LVSD, such as older women with a pregnancy complicated
by gestational hypertensive disorders. While LV volumes may increase
during a healthy pregnancy, LVEF is not expected to decline.?! In gen-
eral populations, electrocardiogram (ECG) and natriuretic peptides
act as gatekeepers for diagnostic cardiac imaging, and thresholds during
pregnancy have been proposed.”” In this cohort, more than three-
quarters of women had an abnormal ECG. Screening programmes
are underpinned by the notion that pre-clinical identification of a dis-
ease can lead to better outcomes through interventions that attenuate
risk.® Earlier identification of cardiac dysfunction may allow modifica-
tions to the obstetric plan, such as more judicious intravenous fluid ad-
ministration and earlier delivery. Treatment of asymptomatic LVSD
with disease-modifying therapies reduces the incidence of heart failure
and ameliorates LV remodeling?** Furthermore, delayed diagnosis
and later presentation are associated with worse outcomes in women
with PPCM.*’

Around three-quarters of women had ‘LV recovery’ over a median of
9.7 years and recovery of cardiac function, or at least normalization
of ejection fraction, continued to occur beyond 1 year. Notably, in 13%
of women who had previously recovered, LVEF subsequently declined
[by >10% (percentage points) and to below 50%]. It was not possible to
understand whether this was explained by withdrawal of treatments,
and we now know that there is a risk of deterioration if heart failure
therapies are stopped after recovery.28 The current findings suggest
that, for some women, recovered PPCM is not ‘cured’ and long-term
follow-up may be important. A further consideration relating to LV re-
covery is its definition. In PPCM, recovery has been based solely on an
LVEF threshold. LV remodeling is, of course, more complex than just a
decrease in LVEF, with alteration in chamber shape, myocyte hyper-
trophy and fibrosis, and associated systemic processes such as neuro-
humoral activation.”’ Consequently, recovery of cardiac function
cannot be assessed only by an increase in LVEF. In the TRED-heart fail-
ure (HF) study, recovery encompassed LVEF, LV volumes, and biomar-
kers.?® In addition, abnormal longitudinal strain has been shown to
persist despite improvements in LVEF in women with PPCM and may
be more reliable than LVEF alone. 3%

Finally, we also found that children born to women with PPCM had
worse clinical outcomes than those born to controls. In addition to
more frequent neonatal complications, death from any cause occurred
more often in PPCM children than in control children, with a mortality
rate almost five-fold higher, mostly explained by a greater occurrence
of stillbirths and early neonatal deaths (within first 7 days). Larger studies
are required to explore factors that may be associated with mortality
beyond the neonatal period. A further novel finding was the ~3-times
greater incidence of CV disease in PPCM children relative to control
children. In the last decade, two studies have shown that ~15% of

women harbour a truncating gene variant associated with DCM, pre-
dominantly titin.3%3 It is possible that genetics (including polygenics)
and resultant familial cardiomyopathy could explain some of the excess
risk seen in children. Genetic testing in women with PPCM is not rou-
tinely performed worldwide. Identifying children at greater risk of in-
heriting a CV phenotype may provide an opportunity for earlier
initiation of clinical screening, closer surveillance, and more timely treat-
ment. In this study, privacy constraints limited our ability to describe the
disease spectrum in children in detail and larger studies are needed to
address this specific question.

There are some important limitations inherent to the retrospective,
observational nature of this study. The true incidence of LVSD may be
underestimated because it only includes hospitalized patients and, even
among those admitted to hospital, heart failure may be unrecognized.
Not all women had quantitative assessment of LV function and more
sophisticated investigations were not routinely performed, such as car-
diac magnetic resonance imaging or biomarker measurement (particu-
larly with respect to defining LV recovery). Other unstudied factors
may be relevant to the development of the condition or to outcomes,
such as race or genetics. We did not have longitudinal data on medical
therapy for the whole cohort and it was not possible to link changes in
medical therapy to outcomes.

In summary, the incidence of PPCM in Scotland was 1 in 4950 de-
liveries. Disease-associations included gestational hypertensive
disorders, multi-gestation and obesity. Overall, 8% of women died
and 76% had recovery of cardiac function, but 13% of those who re-
covered had LV decline after apparent recovery. Around a third of
children born to women with PPCM had an adverse neonatal out-
come and their mortality rate was ~5-times that of children born
to controls, with a ~3-times greater incidence of CV disease. PPCM
is associated with considerable morbidity and mortality in both the
mother and child.

Supplementary data

Supplementary data are available at European Heart Journal online.
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