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Abstract

Background and There are no established clinical tools to predict left ventricular (LV) recovery in women with peripartum cardiomyopathy

Aims (PPCM). Using data from women enrolled in the ESC EORP PPCM Registry, the aim was to derive a prognostic model to
predict LV recovery at 6 months and develop the ‘ESC EORP PPCM Recovery Score'—a tool for clinicians to estimate the
probability of LV recovery.

Methods From 2012 to 2018, 752 women from 51 countries were enrolled. Eligibility included (i) a peripartum state, (ii) signs or
symptoms of heart failure, (iii) LV ejection fraction (LVEF) <45%, and (iv) exclusion of alternative causes of heart failure.
The model was derived using data from participants in the Registry and internally validated using bootstrap methods.
The outcome was LV recovery (LVEF >50%) at six months. An integer score was created.

Results Overall, 465 women had a 6-month echocardiogram. LV recovery occurred in 216 (46.5%). The final model included base-
line LVEF, baseline LV end diastolic diameter, human development index (a summary measure of a country’s social and
economic development), duration of symptoms, QRS duration and pre-eclampsia. The model was well-calibrated and
had good discriminatory ability (C-statistic 0.79, 95% confidence interval [Cl] 0.74-0.83). The model was internally validated
(optimism-corrected C-statistic 0.78, 95% CI 0.73-0.82).

Conclusions A model which accurately predicts LV recovery at 6 months in women with PPCM was derived. The corresponding ESC
EORP PPCM Recovery Score can be easily applied in clinical practice to predict the probability of LV recovery for an indi-
vidual in order to guide tailored counselling and treatment.
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Structured Graphical Abstract

Key Question

Can left ventricular (LV) recovery in women with peripartum cardiomyopathy (PPCM) be predicted?

Key Finding

A model to predict the probability of LV recovery in PPCM was derived. It was well calibrated and had good discriminative ability
(C-statistic 0.79, 95% Cl 0.74-0.83). It was internally validated using bootstrap methods.

Take Home Message

The ESC EORP PPCM Recovery Score can be easily applied in clinical practice to predict the probability of LV recovery. This can help to

guide tailored counselling and treatment.

ESC EORP PPCM Recovery Score

Predicting LV recovery in PPCM
Recovery defined as LVEF = 50% at 6 months

Predicted

Score  recovery

@ LV ejection fraction > 35% a e

LV end diastolic diameter

3 23%

4 35%

@ High human development index 5 49%
@ Duration of symptoms < 10 days 6 65%

@ QRS duration

7 75%

o 9%

8 83%

Graphical summary of the main study findings. Human development index (HDI) is a summary measure (between zero and one) of a country's social
and economic development and can be found at: https://hdr.undp.org/data-center/human-development-index#/indicies/HDI. Cl, confidence inter-
val; EORP, EURObservational Research Programme; ESC, European Society of Cardiology; LV, left ventricular: LVEF, left ventricular ejection frac-

tion; PPCM, peripartum cardiomyopathy

Introduction

There are a number of established risk models and tools for predict-
ing morbidity and mortality in people with chronic heart failure."?
They facilitate prediction of events within a specific population by
utilizing characteristics to estimate the risk of an event occurring.
Accurate quantification of risk for a particular individual, based on
that individual’s own characteristics, allows a clinician to tailor coun-
selling and treatment. There are currently no clinical tools that can be
used to predict outcomes for women with peripartum cardiomyop-
athy (PPCM), a type of de novo heart failure which develops in ap-
proximately 1-100 in 1000 pregnancies.>* It is characterized by
relatively frequent recovery of left ventricular (LV) function, when
compared to dilated cardiomyopathy more generally.>® Although

the definition of LV recovery used in studies varies, it is usually con-
sidered to be animprovement in LV ejection fraction (LVEF) to above
a threshold of either 50% or 55%°~°. Estimating the propensity for
LV recovery in PPCM is important and underpins a number of clinical
decisions, such as recommending an implantable cardioverter defib-
rillator (ICD).

The European Society of Cardiology (ESC) EURObservational
Research Programme (EORP) PPCM Registry is the largest prospective
study of PPCM.” Using patient-level data from women in the ESC EORP
PPCM Registry, a prognostic model to predict LV recovery at 6 months
was derived, internally validated and a ‘PPCM Recovery Score’ was gen-
erated—a tool for clinicians to estimate the probability of LV recovery
at 6 months in this patient group.
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Methods
Registry design

Registry design, patient selection and data collection have been published
previously.”'® Briefly, women who were diagnosed with PPCM within
the preceding 6 months were prospectively enrolled into an observational
registry. Inclusion criteria were: (i) a peripartum state, (ii) signs and/or symp-
toms of heart failure, (jii) a LVEF <45%, and (iv) the exclusion of alternative
causes of heart failure. A total of 752 women from 51 countries were ori-
ginally enrolled into the Registry (2012-2018). Core clinical data, such as
data from the electrocardiogram and echocardiogram, were centrally vali-
dated by a data monitor who contacted the sites. LV recovery was defined
as a LVEF >50% on the 6 month follow-up echocardiogram. Comorbidities,
including diabetes, pregnancy-induced hypertension and pre-eclampsia,
were clinician-recorded. Health expenditure (HE) is the share of gross do-
mestic product within a country and was defined as low (<5%), medium
(5%—8%) and high (>8%). Human development index (HDI) is a summary
measure (between zero and one) of a country’s social and economic devel-
opment, encompassing three domains—Ilife expectancy, education, and
standard of living. Human development index was defined as low
(<0.550), medium (0.550-0.699), and high (>0.700). Participating centres
managed the approvals of national or regional ethics committees or institu-
tional review boards according to local regulations. Locally appointed ethics
committee approved the research protocol and informed consent was ob-
tained from participants or a legally authorized representative.

Statistical methods

The main analysis included patients with complete data. Multiple imputa-
tions were used as a sensitivity analysis for model derivation. Patient char-
acteristics were compared according to recovery status using Pearson’s
chi-squared tests, two sample t-tests and Wilcoxon rank-sum test as appro-
priate. A total of 20 variables known or suspected to be prognostically sig-
nificant in PPCM were included as candidate variables and are listed in the
Appendix. Highly skewed data were log transformed. A logistic regression
prediction model for LV recovery at 6 months was built using a backward
selection process including all potential predictor variables, with a two-sided
P-value of <.05 as the initial significance level. All selected variables were
then examined for interactions, with a two-sided P-value threshold of
<.05 considered to be statistically significant. The final predictor variables
in the model were converted from continuous to categorical forms to allow
clinical applicability of the model. Clinically relevant categories were deter-
mined by systematically assessing different cut-offs and identifying those re-
sulting in a model with optimal discriminatory ability.

Model calibration was assessed by comparing predicted probability of LV
recovery, estimated by the final model, with observed probability in deciles
and the comparison was displayed graphically with a lowess smoother line
using the ‘pmcalplot’ package in Stata. As a secondary measure of model
calibration, a Hosmer—Lemeshow chi-squared goodness-of-fit test was per-
formed. The discriminatory ability of the model was assessed using the
C-statistic, which is equivalent to the area under the receiver operating
characteristic curve; a value below 0.5 indicates a poor model, a value of
0.5 indicates that the model is no better at predicting the outcome than
chance, and a value of 1 means that the model perfectly predicts individuals
who will and will not experience the outcome. The model was internally va-
lidated using 1000 bootstrap samples. Bias-corrected 95% confidence inter-
vals (Cl) were obtained from bootstrap samples. The optimism-corrected
C-statistic, which provides a measure of the extent to which the original
model is too optimistic, or overfits the data, was calculated by generating
the difference between the original C-statistic and the C-statistic obtained
from each bootstrap sample, taking this difference from the original
C-statistic and averaging this across the bootstrap samples. A PPCM recov-
ery score was generated by converting the variable coefficients to corre-
sponding integer points, by multiplying the coefficient by 1.75.

A number of sensitivity analyses were conducted:

(1) Women who died were categorized as ‘unrecovered’ and a new model
derived and performance assessed.

(2) Model performance was assessed in a complete dataset using multiple
imputation by chained equations according to Rubin’s rules.

(3) Model-building was approached using alternative methods: forward se-
lection (including all potential predictor variables, with a two-sided
P-value of <.05 as the initial significance level) and stepwise selection
(forward and backward, removing terms with P-value >.1 and adding
those with a P-value of <.05).

Analyses were conducted using Stata SE v16.1 (StataCorp). The transpar-
ent reporting of a multivariable prediction model for Individual Prognosis
Or Diagnosis (TRIPOD) guidelines were followed."’

Results

Patient characteristics

In total, LVEF was available in 465 women at 6 months and LV recovery
occurred in 216 (46.5%). The mean change in LVEF from baseline to
6 months was 15% (£13); 8% (£10) in women without recovery,
and 24% (+12) in women with recovery.

Compared to unrecovered women, women with LV recovery were
more often White, less often Black and Middle Eastern, and were more
often from the highest HDI and HE categories (Table 7). They had a short-
er median duration between symptom-onset and diagnosis, more fre-
quently had pregnancy-induced hypertension and pre-eclampsia, had
higher baseline systolic blood pressure and lower heart rate, and had a
higher white blood cell count and serum sodium level. They also had a
shorter QRS duration, higher baseline LVEF, smaller LV end diastolic
and systolic diameter, smaller left atrial diameter, and less frequent right
ventricular impairment and mitral regurgitation (moderate or worse).
The extent of missing data is shown in Supplementary data online,
Table S1. Characteristics are also presented by displaying proportions ac-
cording to the characteristic, rather than recovery status, in
Supplementary data online, Table S2.

Medical therapy

The proportions of women treated with an angiotensin-converting en-
zyme inhibitor or angiotensin receptor blocker, a beta-blocker and
bromocriptine were similar irrespective of whether or not LV recovery
occurred. Women with LV recovery were less often on a mineralocor-
ticoid receptor antagonist, diuretic, digoxin, and anticoagulant (see
Supplementary data online, Table S3).

Model derivation, performance and

validation

A total of 20 potential predictor variables were included in a backward
selection process and are listed in the Appendix. The final multivariable
predictors of LV recovery were the following: LVEF, LV end diastolic
diameter, HDI, duration of symptoms, QRS duration, and pre-eclampsia
(n=351 in the final model) (Table 2). No significant interactions were
identified. Clinically applicable categorical thresholds were determined
as follows: LVEF >35% and <35%; LV end diastolic diameter <53 mm,
53-61 mm, and >62 mm (as per international categorizations'?); dur-
ation of symptoms <10 days and >10 days; QRS duration <80 ms, 81—
109 ms, and >110 ms (the model performed less well when bundle
branch block vs. no bundle branch block, i.e. QRS durations <120 ms
vs. >120 ms, was included instead). Predicted and observed probabilities
of LV recovery were plotted according to decile of probability and are
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Table 1 Characteristics in patients with and without left ventricular recovery

All Unrecovered Recovered P-value
(n=465) (n=249) (n=216)
Ageyears31ié .......................... 31163116 ....................... 30 .....

Region <.001

Africa 141 (30.3) 88 (35.3) 53 (24.5)

Asia-Pacific 75 (16.1) 28 (11.2) 47 (21.8)

Europe 171 (36.8) 76 (30.5) 95 (44.0)

Middle East 78 (16.8) 57 (22.9) 21 (9.7)
Ethnicity .002

White 149 (33.3) 63 (26.2) 86 (41.3)

Black 132 (29.5) 84 (35.0) 48 (23.1)

Asian 100 (22.3) 54 (22.5) 46 (22.1)

Middle Eastern 49 (10.9) 32 (133) 17 (8.2)

Other 18 (4.0) 7 (2.9) 11 (5.3)
HDI category <.001

Low 93 (20.1) 62 (25.0) 31 (14.5)

Medium 175 (37.9) 103 (41.5) 72 (33.6)

High 194 (42.0) 83 (33.5) 111 (51.9)
Health expenditure .038

Low 159 (34.5) 98 (39.7) 61 (28.5)

Medium 142 (30.8) 72 (29.1) 70 (32.7)

High 160 (34.7) 77 (31.2) 83 (38.8)
Body mass index, kg/m? 26+ 6 26+ 6 26+ 6 .84
Parity >2 221 (74.7) 127 (75.1) 94 (74.0) .82
Postpartum diagnosis 396 (89.6) 212 (89.8) 184 (89.3) .86
Postpartum symptom-onset 278 (68.1) 151 (68.9) 127 (67.2) .70
Duration of symptoms,days 11 (3-34) 17 (5-53) 7 (1-22) <.001
Family history of heart failure or sudden death 70 (15.2) 34 (13.8) 36 (16.8) 37
Diabetes 15 (3.3) 10 (4.0) 5(23) 31
Smoking (current/former) 68 (15.3) 28 (11.7) 40 (19.4) 024
HIV Status 19 (6.6) 15(9.3) 43 .035
Pregnancy-induced hypertension 182 (39.9) 83 (34.2) 99 (46.5) .007
Pre-eclampsia 119 (26.1) 51 (21.0) 68 (31.9) .008
Prior PPCM 23 (7.7) 15 (8.9) 8 (6.2) 40
Systolic blood pressure, mmHg 119+ 23 116 +22 123 +24 <.001
Diastolic blood pressure, mmHg 78+ 16 77 £ 16 79+16 .20
Heart rate, b.p.m. 99 +21 101 +21 96 +22 016
NYHA class .23

| 39 (8.5) 18 (7.3) 21 (9.8)

I 122 (26.5) 69 (28.0) 53 (24.8)

Il 159 (34.6) 92 (374) 67 (31.3)

Continued
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Table 1 Continued
All Unrecovered Recovered P-value
(n=465) (n=249) (n=216)

..... |V140(304)67(272)73(341)
S3 gallop 198 (44.3) 116 (48.7) 82 (39.2) 044
Elevated jugular venous pressure (>6 cm) 183 (41.3) 106 (45.1) 77 (37.0) .084
Peripheral oedema 267 (57.5) 147 (59.3) 120 (55.6) 42
Pulmonary rales 276 (60.7) 147 (61.0) 129 (60.3) .88
Serum creatinine, pmol/L 70 (58-87) 71 (59-88) 67 (57-82) 21
Hemoglobin, g/L 115 (105-129) 114 (104-127) 115 (105-130) A7
White blood cells, x1079/L 9 (7-12) 9 (6-11) 10 (7-13) .004
Platelets, x1079/L 266 (219-354) 263 (221-344) 268 (212-354) .86
Sodium, mmol/L 138 (136-141) 138 (135-140) 139 (136-141) 029
Potassium, mmol/L 4 (4-4) 4 (4-4) 4 (44) .60
QTc duration, ms 461+ 71 461+76 461 + 66 99
QRS duration, ms 89 +20 92+22 84+ 17 <.001
Left bundle branch block 32(7.1) 25 (10.5) 7 (3.3) .003
Atrial fibrillation/flutter 7 (1.6) 7(29) 0 (0.0 012
LV ejection fraction, % 31+10 29+9 34+10 <.001
LV end diastolic diameter, mm 59+7 62+7 56+7 <.001
Indexed to body surface area, mm/m? 35+5 36+5 33+5 <.001
LV end systolic diameter, mm 49+ 8 52+7 46 +7 <.001

Indexed to body surface area, mm/m? 29+5 31+5 27 +5 <.001
Left atrial diameter, mm 40+7 41+7 38+7 .002
Right ventricular impairment® 153 (37.3) 101 (45.7) 52 (27.5) <.001
> Moderate mitral regurgitation 159 (43.8) 95 (50.3) 64 (36.8) 010

Data are presented as n (%), mean + standard deviation, or median (interquartile range).

HDI, human development index; HIV, human immunodeficiency virus; PPCM, peripartum cardiomyopathy; NYHA, New York Heart Association; LV, left ventricular.
*Qualitatively assessed; function recorded by the investigator as normal, mildly impaired, or severely impaired.

shown in Figure 1. Overall, the model was well-calibrated (Hosmer—
Lemeshow chi2 goodness-of-fit test P=.87). The discriminative ability
of the model was good, with a C-statistic of 0.79 (95% Cl 0.74-0.83).
The optimism-corrected C-statistic through internal validation by boot-
strapping 1000 samples was 0.78 (95% CI 0.73-0.82).

PPCM recovery score

A score was generated to allow calculation of an individual’s predicted prob-
ability of LV recovery at 6 months (Figure 2). Variable coefficients were con-
verted to integer points. The highest possible score was 11. Those with a
score of 0 or 1 and of 10 or 11 were categorized as <1 or >10, respectively,
due to small numbers with extremes of scores. The predicted probability of
LV recovery was estimated for each integer score. The predicted and ob-
served probabilities of LV recovery according to score are shown in Figure 3.

Sensitivity analyses

As a sensitivity analysis, women who died were included and categor-

ized as ‘unrecovered’. Patient characteristics are shown in

Supplementary data online, Table S4. Backward selection using the
same 20 candidate variables was performed. Results were similar,
with the only difference being the removal of pre-eclampsia from
the model (n =384 in final model) (see Supplementary data online,
Table S5). This model was well-calibrated (Hosmer—Lemeshow
chi2 goodness-of-fit test P = .88) and demonstrated good discrimina-
tive ability (C-statistic 0.79, 95% Cl 0.75-0.84).

Inafurther sensitivity analysis, model performance was assessed ina
complete dataset using multiple imputation (n =465 in final model
with X10 imputations). The mean C-statistic for the model across the im-
puted datasets was 0.79 (95% ClI 0.75-0.84) (see Supplementary data
online, Table S6).

In order to evaluate different methods of model-building, forward
selection and stepwise selection (both forward and backward) were
used. Using forward selection, the final variables included in the model
were the same, with the exception of pre-eclampsia which was re-
placed with pregnancy-induced hypertension. The final variables in-
cluded in the model were unchanged using stepwise selection.
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Table 2 Final multivariable prediction model for left
ventricular recovery

Odds Bias-corrected Coefficient
ratio 95% CI
LV ejection fraction

<35% 1.00

>35% 1.85 1.09-2.96 0.61
LV end diastolic diameter

>62 mm 1.00

53-61 mm 1.69 0.94-2.88 0.52

<53 mm 843 3.34-19.18 213
Human development

index

Low 1.00

Medium 0.97 0.49-1.92 -0.03

High 227 1.01-4.95 0.82
Duration of symptoms

>10 days 1.00

<10 days 1.81 1.04-3.25 0.60
QRS duration

>110 ms 1.00

81-109 ms 3.98 1.64-14.57 1.38

<80 ms 5.93 2.42-23.26 178
Pre-eclampsia

No 1.00

Yes 1.98 1.12-332 0.69

N =351 in final model.

Discussion

A prognostic model for LV recovery in women with PPCM in the ESC
EORP PPCM Registry was derived, internally validated and an integer
score generated (Structured Graphical Abstract). A small number of stud-
ies have investigated factors associated with LV recovery, but this is the
first prospective study to systematically assess model calibration and
discrimination, and to provide validation. Factors most strongly asso-
ciated with LV recovery in this global registry were LVEF, LV end dia-
stolic diameter, HDI, duration of symptoms, QRS duration and
pre-eclampsia.

Higher LVEF and lower LV end diastolic diameter at baseline have pre-
viously been shown to be associated with more frequent LV recov-
eryt8131% In the IPAC (Investigations of Pregnancy-Associated
Cardiomyopathy) study, which prospectively recruited 100 women
with PPCM in North America, 86% of women who had recovered by
12 months (defined as LVEF >50%) had a baseline LVEF >30%.°
Moreover, LV recovery occurred in 91% of women in the IPAC cohort
with a baseline LVEF >30% and LV end diastolic diameter <6 cm.
Pre-eclampsia has also been shown to be associated with approximately
two-times greater a likelihood of LV recovery, even after adjusting for

------- Reference
o Groups

95% Cls

Lowess

Observed

T T T T

] 8 1

4 g
Expected

Figure 1 Predicted and observed probability of left ventricular re-
covery according to decile of probability. The probabilities presented
are those for each group of patients and the plot is a calibration plot of
observed against expected probabilities. The dotted line represents
perfectly matching predicted and observed probabilities, the green cir-
cles and extended lines represent the actual data point per decile with
95% confidence intervals and the blue line represents the lowess (lo-
cally weighted scatterplot smoothing) line, which is a smooth line
through the scatterplot points

baseline LVEF." The reasons for more frequent LV recovery in patients
with pre-eclampsia may be related to the different pathophysiological
mechanisms through which women with gestational hypertensive disor-
ders develop heart failure, compared to women with a genetic cardiomy-
opathy for example. This may also, in part, explain why the New York
Heart Association (NYHA) functional class was not independently pre-
dictive of LV recovery in this cohort, since it has previously been shown
that women with PPCM with pre-eclampsia have more severe symp-
toms (i.e. higher NYHA class) than those without pre-eclampsia but
have a higher rate of LV recovery despite this.'®

A number of other prognostic factors were identified. First, a longer
median time between symptom-onset and diagnosis predicted a lower
likelihood of LV recovery. In the ESC EORP PPCM Registry, median de-
lay to diagnosis was 10 days.” Delay to diagnosis and later presentation
of PPCM (e.g. >1 month postpartum) have been shown to be asso-
ciated with a greater frequency of adverse cardiovascular events and
lower rates of LV recovery.'®!” Conversely, the timing of diagnosis
(pre- vs. postpartum) was not an independent predictor of LV recovery
in the current study. Second, a greater QRS duration predicted a lower
likelihood of LV recovery. QRS duration has been shown to be asso-
ciated with a greater degree of LV dilatation.'® Bundle branch block
could reflect a subgroup of people with conduction delay due to spe-
cific genetic variants, or with fibrosis affecting the conduction system.
Genetic data and data on fibrosis on cardiac magnetic resonance im-
aging were not available in the ESC EORP PPCM Registry to confirm
or refute these hypotheses. In PPCM, women without gestational
hypertensive disorders have a higher prevalence of bundle branch block
than those with gestational hypertensive disorders, and these women
tend to have a phenotype more compatible with a persistent, dilated
cardiomyopa‘chy.15 Third, higher HDI predicted a greater likelihood
of LV recovery. The ESC EORP PPCM Registry is the only global cohort
of women with PPCM and the first to describe socioeconomic factors
as determinants of outcomes. In an analysis of country-level (HDI, HE
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ESC EORP PPCM Recovery Score

Recovery defined as LVEF 250% at 6 months

LV ejection fraction

<35% 0
>35% 1

LV end diastolic diameter

262mm 0
53-61mm 1
<53mm 4

Human developmental index

Low 0
Medium 0
High 1
Duration of symptoms
>10days 0
<10days 1
QRS duration
2110ms 0
81-109ms 2
<80ms 3

Pre-eclampsia

No 0
Yes 1
Total score

Total score Predicted recovery
at 6 months
<1 6%
2 14%
3 23%
4 35%
5 49%
6 65%
7 75%
8 83%
9 90%
>10 95%

Figure 2 Integer score for left ventricular recovery and predicted probability of left ventricular recovery for each score. Human development index
(HDI) is a summary measure (between zero and one) of a country's social and economic development and can be found at: https://hdr.undp.org/data-

center/human-development-index#/indicies/HDI

and GINI coefficient) and individual-level (educational attainment and
income) factors, low HDI and HE were associated with less frequent
recovery of LV function.' HDI is a summary measure of average
achievement in three aspects of human development—Iife expectancy,
education, and standard of living.?® It is a more widely encompassing
marker of disparity than factors such as ethnicity, education or income
alone and, indeed, was a more robust predictor of LV recovery than
ethnicity. Whether or not HDI also represents better access to heart
failure treatments is uncertain, but there did not appear to be an asso-
ciation between treatment and LV recovery in the current study. In fact,
fewer women with LV recovery than without were on a mineralocor-
ticoid receptor antagonist at 6 months, which suggests that these wo-
men had less severe disease at presentation. Only a small number of
patients in the ESC EORP PPCM Registry received bromocriptine,
which was given a llb recommendation in the ESC guidelines on cardiac
disease in pregnancy in 2018, 6 years after the ESC EORP PPCM
Registry began enrolling patients.”’ The efficacy of bromocriptine
with respect to LV recovery in women with PPCM is currently being
studied in a prospective randomized controlled trial 22

Understanding the individualized chance of recovery is important to
guide tailored counselling, risk stratification, more timely optimization
of medical therapy, referral to specialist services, and to inform deci-
sions about certain treatments such as an ICD.?* Early implantation
of an ICD is generally not advised in women with PPCM because of a
higher propensity for recovery relative to that seen in patients with
other types of cardiomyopathy. In some places, wearable cardioverter
defibrillators are used in the early phase.B'24 International guidelines
suggest that ICD implantation should be considered in patients who
have a LVEF <35% despite optimal medical therapy for at least
3 months.”® In patients with cardiomyopathy, ventricular arrhythmias
are more likely to occur with impaired LVEF and this is also true in
PPCM.? Although the majority of women who recover will do so with-
in the first 6 months, it has been shown that recovery can occur beyond
this time in women with PPCM.?” Being able to predict more accurately
who will go on to normalize LVEF may prevent unnecessary implant-
ation of a primary prevention ICD or, conversely, identify those at
greatest risk of persisting LV dysfunction who warrant closer follow-up,
more timely optimization of therapies and early involvement of
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Figure 3 Predicted and observed probabilities of left ventricular recovery according to score. The mean predicted probability of recovery for all
patients within an integer score group is presented against the proportion of observed recovery within that group

advanced heart failure teams. In the future, comprehensive phenotyping
of women with LV dysfunction around the time of pregnancy is re-
quired to identify those with specific genetic variants or those with ac-
quired cardiotoxic mechanisms that result in different rates of LV
recovery.

Prediction tools are also necessary to provide women with tailored
counselling regarding a subsequent pregnancy. These risks are largely
based on LVEF prior to the subsequent pregnancy, though all subsequent
pregnancies carry a degree of risk.2"® Discussions about subsequent
pregnancies have been underpinned by data from small studies including
patients with vastly different demographics. Applicability of these data on
a wider scale is limited. Relapse is thought to occur in around 30% of sub-
sequent pregnancies (approximately one in five when there has been re-
covery of cardiac function following the index pregnancy and just under
half without recovery of cardiac function).>* 3" All reported deaths asso-
ciated with a subsequent pregnancy have occurred in women without
recovery (equivalent to one in seven women without recovery). While
this model concerns prediction of LV recovery after an index presenta-
tion of PPCM, and cannot be used to predict outcomes associated with a
subsequent pregnancy, more reliable prediction of LV recovery at the
time of initial presentation with PPCM will allow counselling with respect
to future pregnancies earlier in the patient journey.

Strengths of the model are derivation in a large, global cohort, with
inclusion of easily accessible clinical data. Applicability is not limited
only to regions where more advanced and costly tests are routinely per-
formed, such as cardiac magnetic resonance imaging or genetic or bio-
marker testing. The model was internally validated. The model was
derived in a cohort receiving contemporary guideline-recommended
heart failure therapies; in the ESC EORP PPCM Registry, 85% were pre-
scribed angiotensin-converting enzyme inhibitors or angiotensin recep-
tor blockers, 81% were prescribed beta-blockers, and 45% were

prescribed mineralocorticoid receptor antagonists.” Heart failure ther-
apies were not included at the model-building stage to avoid confound-
ing by indication and to allow the tool to be used at the point of diagnosis,
rather than after a period of up-titration of medication. A further
strength is the generation of clinical useful score which can be quickly cal-
culated to estimate probability of LV recovery.

Limitations of the study include the inability to include certain variables in
model-building, either due to missing data or due to alow prevalence of the
characteristic. Validation was done internally using accepted methods, but
not externally, due to the lack of other large, prospective cohorts of wo-
men with PPCM with similar data capture (e.g. duration of symptoms).
The score could not be validated in subgroups of patients with different
phenotypes and, although many important variables were included in the
model, calibration and precision could vary by phenotype. The model can-
not be used to predict LV recovery following a subsequent pregnancy.
Generating an integer score from 1-10 is less precise than using original
coefficients, but produces a score which is simple and easy to use. Other
limitations of the study are shared with many global registries, including
lack of genotyping and more detailed cardiac imaging beyond echocardiog-
raphy, lack of consecutive recruitment, and lack of biomarker measure-
ment in all individuals; these are all difficult to achieve in a registry
performed mostly in low GDP countries without payment to sites.

In summary, this model accurately predicts LV recovery at 6 months
in women with PPCM. It relies on accessible, readily available data and
includes a simple integer score which can be easily applied in clinical
practice to predict the probability of LV recovery for an individual at
the point of presentation. Better prediction of those who will and
will not recover can guide information-giving and tailored counselling,
referral to specialist services, more timely optimization of treatments
when appropriate, and avoidance of unnecessary treatments when
inappropriate.



ESC EORP PPCM Recovery Score

Acknowledgements

The EORP Oversight Committee and the Registry Executive Committee
of the EURObservational Research Programme (EORP). Data collection
was conducted by the EORP department from the ESC by Rachid Mir
Hassaine and Souad Mekhaldi as Clinical Project Managers, Emanuela
Fiorucci as Project Officer, Marina Andarala as Data Manager. Overall ac-
tivities were co-ordinated and supervised by Doctor Aldo P. Maggioni
(EORP Scientific Coordinator).

Supplementary data

Supplementary data are available at European Heart Journal online.

Declarations

Disclosure of Interest

AMJ,S.G,IEY,HSP,KS, B, and M.C.P.: nothing to declare in relation
to this manuscript. MB. supported by the Deutsche
Forschungsgemeinschaft (German Research Foundation; TTR 219, project
number 322900939) and reports personal fees from Abbott, Amgen,
AstraZeneca, Bayer, Boehringer Ingelheim, Cytokinetics, Medtronic,
Novartis, Servier, and Vifor during the conduct of the study. P.S).: reports
speakers’ fees from AstraZeneca, Novartis, Alkem Metabolics,
ProAdWise Communications, Sun Pharmaceuticals, and Intas Pharma; ad-
visory board fees from AstraZeneca, Boehringer Ingelheim, and Novartis;
research funding from AstraZeneca, Boehringer Ingelheim, Analog Devices
Inc. P.SJ.’s employer, the University of Glasgow, has been remunerated for
clinical trial work from AstraZeneca, Bayer AG, Novartis, and Novo
Nordisk. Director, Global Clinical Trial Partners (GCTP). APM: received
personal fees from Bayer, AstraZeneca, and Novartis for the participation
in study committees, outside the present work. P.v.d.M.: the UMCG which
employs P.v.d.M. received consultancy fees and/or grants from Novartis,
Pharmacosmos, Vifor Pharma, AstraZeneca, Pfizer, Pharma Nord,
BridgeBio, Novo Nordisk, and lonis.

Data Availability

The data underlying this article will be shared on reasonable request to
the corresponding author.

Funding

Since the start of EORP, the following companies have supported the
whole research programme: Abbott Vascular Int. (2011-21), Amgen
Cardiovascular (2009-18), AstraZeneca (2014-21), Bayer AG (2009—
18), Boehringer Ingelheim (2009-19), Boston Scientific (2009-12),
The Bristol Myers Squibb and Pfizer Alliance (2011-19), Daiichi
Sankyo Europe GmbH (2011-20), The Alliance Daiichi Sankyo
Europe GmbH and Eli Lilly and Company (2014-17), Edwards
(2016—19), Gedeon Richter Plc. (2014-16), Menarini Int. Op. (2009—
12), MSD-Merck & Co. (2011-14), Novartis Pharma AG (2014-20),
ResMed (2014-16), Sanofi (2009-11), SERVIER (2009-21), and Vifor
(2019-22). AMJ. was supported by a British Heart Foundation
Clinical Research Training Fellowship (FS/18/14/33330), M.C.P. by a
British Heart Foundation Centre of Excellence Research Grant (grant
number 18/6/34217), P.v.d.M. by the European Research Council
(ERC CoG 101045236, DISSECT-HF), and K.S. by Servier: Institut La
Conference Hippocrate.

Ethical Approval

Participating centres managed the approvals of national or regional eth-
ics committees or institutional review boards according to local regula-
tions. Locally appointed ethics committee approved the research
protocol and informed consent was obtained from participants or a le-
gally authorized representative.

Pre-registered Clinical Trial Number
None supplied.

Appendix

Variables included in model building
Age (years)

Body mass index (kg/m?)

Human development index (low, medium, high)
Health expenditure (low, medium, high)
Ethnicity

Pregnancy-induced hypertension
Pre-eclampsia

Family history of heart failure or sudden death
Symptom duration, log transformed (days)
Systolic blood pressure (mmHg)

Heart rate (b.p.m.)

QRS duration (ms)

QTc interval (ms)

Left ventricular ejection fraction (%)

Left ventricular end diastolic diameter (mm)
Right ventricular impairment

Left atrial diameter (mm)

New York Heart Association functional class
Bromocriptine

Timing of diagnosis (pre- vs. postpartum)
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