
Pregnancy and cardiac maternal outcomes in women
with inherited cardiomyopathy: interest of the
CARPREG II risk score

Thomas Wallet1,2*, Lise Legrand1, Richard Isnard1,2, Estelle Gandjbakhch1,2, Françoise Pousset1,
Julie Proukhnitzky1,2,3, Marc Dommergues2,4, Jacky Nizard2,4 and Philippe Charron1,2,3*

1Department of Cardiology, APHP, ICAN (Institute of CardioMetabolism and Nutrition), Pitié-Salpêtrière Hospital, ACTION Study group, Paris, France; 2Sorbonne University,
Paris, France; 3Department of Genetics, APHP, National Referral Center for Inherited Cardiac Diseases, Inserm UMR_1166, Paris, France; and 4Department of Gynecology
and Obstetrics, APHP, Pitié-Salpêtrière Hospital, Paris, France

Abstract

Aims Inherited cardiomyopathies are relatively rare but carry a high risk of cardiac maternal morbidity and mortality during
pregnancy and postpartum. However, data for risk stratification are scarce. The new CARPREG II score improves prediction of
prognosis in pregnancies associated with heart disease, though its role in inherited cardiomyopathies is unclear. We aim to
describe characteristics and cardiac maternal outcomes in patients with inherited cardiomyopathy during pregnancy, and to
evaluate the interest of the CARPREG II risk score in this population.
Methods and results In this retrospective single-centre study, 90 consecutive pregnancies in 74 patients were included
(mean age 32 ± 5 years), including 28 cases of dilated cardiomyopathy (DCM), 46 of hypertrophic cardiomyopathy, 11 of ar-
rhythmogenic right ventricular cardiomyopathy and 5 of left ventricular noncompaction, excluding peripartum cardiomyopa-
thy. The discriminatory power of several risk scores was assessed by the area under the receiver-operating characteristic curve
(AUC). Median CARPREG II score was 2 [0;3] and was higher in the DCM subgroup. A severe cardiac maternal complication was
observed in 18 (20%) pregnancies, mainly driven by arrhythmia and heart failure (each event in 10 pregnancies), with 3 car-
diovascular deaths. Forty-three pregnancies (48%) presented foetal/neonatal complications (18 premature delivery, 3
foetal/neonatal death). CARPREG II was significantly associated with cardiac maternal complications (P < 0.05 for all) and
showed a higher AUC (0.782) than CARPREG (0.755), mWHO (0.697) and ZAHARA (0.604).
Conclusions Pregnancy in women with inherited cardiomyopathy carries a high risk of maternal cardiovascular complica-
tions. CARPREG II is the most efficient predictor of cardiovascular complications in this population.
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Introduction

Maternal heart disease affects between 1% and 4% of
pregnancies and is the leading cause of maternal mortality
in western countries, with a mortality rate around 1%.1–3

The most frequently encountered diseases are congenital,
hypertensive, and valvular heart disease. Conversely, cardio-
myopathy (CMP) represents only 5% to 10% of registries,

but appears to be at higher risk of cardiac complications.2–
4 The European ROPAC registry found a mortality rate of
2.4%, and 24% of heart failure in this subgroup, trends that
were confirmed in the updated registry study.2,3 However,
data in CMP patients are scarce and are often recorded
in heterogeneous populations including peripartum cardio-
myopathies (PPCM) with different pathophysiology and
prognosis.6–8
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Inherited CMP can be designated as all CMP of confirmed
or presumed genetic origin, such as hypertrophic cardiomy-
opathy (HCM), dilated cardiomyopathy (DCM), arrhythmo-
genic right ventricular cardiomyopathy (ARVC) and left ven-
tricular noncompaction (LVNC). Data about their cardiac risk
during pregnancy are limited and are usually based on small
observational studies, with heterogeneous results. Cardiac
complications are reported in 23% to 48% of cases of
HCM,9,10 and similar disparities are found in registries of
other CMP.11–16

Risk stratification during pregnancy is important in patient
management. Various scores have been proposed in women
with cardiovascular disease to help predict cardiac complica-
tions during pregnancy and postpartum, such as the
CARPREG score, ZAHARA, and the modified WHO
classification.1,5,17 These scores were developed mostly with
data from patients with congenital heart disease and valvular
heart disease, but data on CMP are scarce.16 These scores
thus have limitations in this population.18

Recently, a new score emerged from a large prospective
cohort led by Silversides et al.19 The CARPREG II risk score in-
tegrates numerous predictors, general and lesion-specific car-
diac factors, as well as variables related to the process of
care.19 It performed better in risk stratification than previous
scores. Again, CMP was poorly represented, limiting its appli-
cation in this subgroup. The CARPREG II risk score has not yet
been incorporated into the ESC Guidelines1 and has never
been specifically validated in a cohort of CMP. Our objective
in this study was to describe characteristics and maternal out-
comes in a cohort of pregnant women with inherited CMP,
and to evaluate the value of the CARPREG II risk score in this
population.

Methods

Study population

In this observational single-centre retrospective study, we re-
viewed records of all consecutive pregnancies of patients
with inherited CMP followed up or referred to the Pitié-
Salpêtrière hospital, AP-HP, France, between March 1997
and May 2022. This hospital is a tertiary centre for genetic
cardiomyopathies. Patients with DCM, defined according to
the 2008 position statement,20 HCM, according to ESC
criteria,21 ARVC, according to the task force criteria22 and
LVNC according to Jenni’s criteria,20 were included in the
analysis. Exclusion criteria were as follows: significant valvular
heart disease (VHD), congenital heart disease (CHD), or other
condition explaining myocardial dysfunction (such as coro-
nary artery disease, toxic cardiopathy, and severe hyperten-
sion). We also excluded patients with confirmed or suspected
peripartum CMP, with different pathophysiology and

prognosis.6,7,23 Pregnancies in women who underwent termi-
nation or had a miscarriage before 20 weeks of gestation
were excluded. The investigation conformed to the principles
outlined in the Declaration of Helsinki. The study was per-
formed in accordance with ethical standards, and all patient
data were anonymized. According to French ethics and regu-
latory law, retrospective studies based on usual care data do
not require prior submission to an ethics committee. This
study complied with the reference methodology (MR004) of
the French Data Protection Authority (CNIL).

Data collection and risk stratification

Cardiology and obstetrical records were retrospectively re-
viewed for each pregnancy to collect clinical and echocardio-
graphic data. Specifically, the type of CMP, genetic status,
previous cardiovascular events, treatments or interventions,
and the presence of symptoms at baseline were collected.
Echocardiography was often performed within the month be-
fore pregnancy for patients previously followed up in our
centre, and at each trimester. Echocardiographic features,
when available, were recorded as follows: left ventricular
ejection fraction (LVEF), LV end-diastolic diameter, significant
left ventricle outflow tract obstruction (LVOTO) > 30 mmHg,
right ventricle dilatation and/or dysfunction, and pulmonary
artery hypertension.

The CARPREG II risk score was calculated for each preg-
nancy retrospectively based on Silversides et al.19 It predicts
the risk of cardiac maternal events during pregnancy or post-
partum, according to 10 predictors: prior cardiac events or ar-
rhythmias (3 points), baseline NYHA III-IV or cyanosis (3
points), mechanical valve (3 points), ventricular dysfunction
(2 points), high-risk left-sided valve disease/LVOTO (2 points),
pulmonary hypertension (2 points), coronary artery disease
(2 points), high-risk aortopathy (2 points), no prior cardiac in-
tervention (1 point), late pregnancy assessment >20 weeks
of gestation (1 point). A CARPREG II score > 4 indicates a
41% risk of a cardiovascular event.

Other conventional risk scores (CARPREG, ZAHARA, and
mWHO) were determined as published.1,5,17

Cardiac and obstetrical outcomes

During follow-up, clinical and echocardiographic data were
collected on pregnancy, delivery, and during the 6 first
months of postpartum, when available. Basic obstetrical
and neonatal data were collected, including gestational age
at delivery, mode of delivery, birth weight, and obstetrical
and neonatal events.

Primary outcome was defined as in Silversides et al.19 by
the onset of any of the following cardiac maternal outcomes
during pregnancy or within 6 months postpartum: maternal
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cardiac death; cardiac arrest, arrhythmia requiring treatment,
heart failure, stroke or transient ischaemic attack, cardiac
thromboembolism, myocardial infarction, and vascular dis-
section. Secondary obstetrical and neonatal outcomes were
recorded when available. Foetal and neonatal events were
defined as premature birth <37 weeks, low birth weight (be-
low 10th centile of the neonatal weight curves), Apgar score
<7, foetal or neonatal death (after 20 weeks of gestation, un-
til 28 days from birth).16,19

Statistical analyses

Continuous variables were expressed as mean and standard
deviation if normally distributed, or median and interquartile
ranges otherwise. Quantitative data were compared using
Student’s t test or Wilcoxon’s test when appropriate, and pro-
portions were compared using the chi-square test or Fisher’s
exact test when appropriate. A P value <0.05 was considered
significant. The discriminatory power of the CARPREG II risk
score, as well as other scores, was assessed by calculating
the area under the receiver-operating characteristic curve
(AUC). Statistical analyses were performed with MedCalc Sta-
tistical Software (Ostend, Belgium).

Results

Study population

We identified 107 pregnancies that were managed in our
centre between March 1997 and June 2022. Seventeen preg-
nancies were excluded: two continuing pregnancies at the
time of analysis; four patients with significant valvular heart
disease; one with coronary artery disease; one with systolic
dysfunction post-anthracycline; three with post-hypertensive
heart disease; and six with peripartum cardiomyopathy.

A total of 90 pregnancies in 74 women were included in
the final analysis: 46 HCM (51%), 28 DCM (31%), 11 ARVC
(12%) and 5 LVNC (6%) (Figure 1).

Baseline characteristics

Baseline characteristics are summarized in Table 1, according
to the type of CMP. Maternal mean age was 32 ± 5 years. In
44 pregnancies, mothers had a pathogenic mutation, most
frequently in HCM and ARVC patients. In 30 pregnancies,
(34%) there was history of cardiovascular events before preg-
nancy including 16 hospitalizations for heart failure. At base-
line, one-third of the cohort was symptomatic and only 5%

Figure 1 Flowchart of the cohort. ARVC, arrhythmogenic right ventricular cardiomyopathy; DCM, dilated cardiomyopathy; HCM, hypertrophic cardio-
myopathy; LVNC, left ventricular noncompaction.
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with NYHA III/IV dyspnoea. Sixty-eight patients were medi-
cally treated before pregnancy, a majority with beta-blockers
(73%). Regarding beta-blockers, a great majority of patients
continued the medical therapy through the pregnancy (61
over 65 pregnancies, 94%).

In this cohort, CMP was diagnosed before pregnancy in
most cases, but 13 pregnancies were referred late for medical
follow-up.

On echocardiography, mean LVEF was 57 ± 12%, 24 pa-
tients presented LVEF < 50%, and 8 with LVEF < 40%, 11
HCM had LVOTO > 30 mmHg (Table 1).

Out of the 4 women with LVNC (five pregnancies), one pa-
tient presented severe LV dysfunction (LVEF 25%), the three
others presented mildly reduced ejection fraction (between
40% and 45%), two presented a pathogenic variant, and none
reached criteria for DCM (especially no dilatation).

Cardiovascular and maternal outcomes

Maternal primary cardiac outcome occurred in 18 pregnan-
cies (20%), nine in DCM, seven in HCM, and only one in ARVC
and LVNC. Details are reported in Table 2. Maternal cardiac
death occurred in three pregnancies (3%, including one
woman with DCM, one with LVNC, and one with HCM). One
woman with DCM died suddenly at day 5 postpartum, in a
context of late pregnancy assessment and interruption of
treatments. One woman with undiagnosed HCM presented
sudden cardiac death at 36 weeks of gestation, and one
woman with LVNC and severe LV dysfunction died suddenly
following massive pulmonary embolism at 33 weeks of gesta-
tion, in a context of pregnancy denial with late pregnancy as-
sessment. The most frequent complications were related to
heart failure or arrhythmia (10 events each) (Table 2).

Table 1 Baseline characteristics of the cohort, according to the type of cardiomyopathy, before pregnancy

Overall

DCM HCM ARVC LVNCN

Number of pregnancies, n 90 90 28 46 11 5
Number of women, n (%) 74 (100) 26 (35) 34 (46) 10 (14) 4 (5.4)
Age (years) 90 32 (5.0) 32.3 (4.1) 32.6 (5.2) 31.5 (4.2) 26.0 (6.3)
Body mass index (kg/m2) 81 24.8 (6.8) 27.4 (9.0) 23.9 (5.5) 23.6 (4.9) 21.8 (1.1)
Late pregnancy assessment (>20 weeks of gestation) 87 13 (15) 4 (14) 6 (14) 1 (9.1) 2 (50)
Cardiovascular history

Mutation, n (%) 72 44 (61) 8 (33) 26 (76) 7 (64) 3 (100)
Cardiopathy diagnosed before pregnancy, n (%) 90 85 (94) 26 (93) 44 (96) 10 (91) 5 (100)
Prior cardiac event, n (%) 88 30 (34) 13 (46) 13 (30) 2 (18) 2 (40)
Prior urgent hospitalization for heart failure, n (%) 88 14 (16) 8 (29) 5 (11) 0 (0) 1 (20)
History of stroke, n (%) 88 3 (3) 1 (3.6) 2 (4.5) 0 (0) 0 (0)
History of sustained arrhythmia, n (%) 88 5 (6) 4 (14) 1 (2.3) 0 (0) 0 (0)
Pacemaker, n (%) 88 3 (3) 3 (11) 0 (0) 0 (0) 0 (0)
Implantable automatic defibrillator, n (%) 88 12 (14) 4 (14) 6 (14) 2 (18) 0 (0)
Prior cardiac intervention or surgerya, n (%) 88 6 (7) 1 (3.6) 3 (6.8) 2 (18) 0 (0)
Arterial hypertension n (%) 89 4 (5) 3 (11) 1 (2.2) 0 (0) 0 (0)
Diabetes, n (%) 89 1 (1) 1 (3.6) 0 (0) 0 (0) 0 (0)

Symptoms before pregnancy, n (%) 88 31 (35) 10 (36) 16 (36) 2 (18) 3 (60)
Dyspnoea, n (%) 89 21 (24) 6 (21) 13 (30) 0 (0) 2 (40)
NYHA > II, n (%) 89 4 (5) 1 (3.6) 3 (6.8) 0 (0) 0 (0)
Palpitations, n (%) 87 14 (16) 5 (18) 6 (14) 1 (9.1) 2 (50)

Medical treatment, n (%) 89 68 (76) 21 (75) 34 (76) 8 (73) 5 (100)
At least two treatments, n (%) 88 24 (27) 14 (50) 5 (11) 4 (36) 1 (20)
Beta-blocker, n (%) 89 65 (73) 21 (75) 33 (73) 7 (64) 4 (80)
Other anti-arrhythmic drug, n (%) 88 13 (15) 6 (22) 2 (4.4) 4 (36) 1 (20)
Renin-angiotensin-aldosterone system inhibitor, n (%) 89 13 (15) 10 (36) 1 (2) 1 (9) 1 (20)
Diuretics, n (%) 89 8 (9) 6 (21) 2 (4) 0 (0) 0 (0)
Mineralocorticoid receptor antagonist, n (%) 89 4 (5) 4 (14) 0 (0) 0 (0) 0 (0)
Anticoagulation, n (%) 89 5 (6) 3 (11) 1 (2) 0 (0) 1 (20)

Echocardiographic features
LVEF (%) 90 57 (12) 46 (10) 66 (7) 60 (5) 39 (8)
LVEF < 50%, n (%) 90 24 (27) 19 (68) 0 (0) 0 (0) 5 (100)
LVEF < 40%, n (%) 90 8 (7%) 7 (25) 0 (0) 0 (0) 1 (20)
LV end-diastolic diameter (mm) 86 48 (10) 56 (7) 42 (7) 51 (4) 59 (1)
LVOTO > 30 mmHg, n (%) 90 11 (12) 0 (0) 11 (24) 0 (0) 0 (0)
Pulmonary hypertension, n (%) 90 5 (7) 0 (0) 3 (7.9) 1 (10) 1 (20)
Right ventricle dilatation, n (%) 90 3 (5) 1 (5) 0 (0%) 2 (20%) 0 (0%)
Right ventricle dysfunction, n (%) 90 4 (5) 1 (4.2) 0 (0%) 3 (30%) 0 (0%)

Values are mean ± standard deviation or n (%). Column N indicates number of patients with available data.
ARVC, arrhythmogenic right ventricular cardiomyopathy; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; LV, left ven-
tricle; LVEF, left ventricular ejection fraction; LVOTO, left ventricle outflow tract obstruction; LVNC, left ventricular noncompaction; PVC,
premature ventricular complex; VT, ventricular tachycardia.
aIn detail, there was four PVC/VT ablation (three ARVC and one DCM), and two septal reductions in obstructive HCM.
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Out of 14 women with repeated pregnancy, only three
women experienced cardiovascular complications. For two
of them, the second pregnancy was associated with a worse
evolution than the first one. The last one, a woman with
non-obstructive HCM, presented an episode of atrial fibrilla-
tion during the first pregnancy but did not present any com-
plications during the second pregnancy. The other 11 women
did not develop cardiovascular complications, neither during
first nor following pregnancy.

Secondary obstetrical and foetal/neonatal outcomes are
summarized in Table S1. Caesarean section was undertaken
in 41 pregnancies. Four adverse foetal/neonatal outcomes
occurred, including three foetal/neonatal deaths, premature
birth occurred in 20% of cases, mostly induced for maternal
reasons, and low birth weight was recorded in 18% of
cases.

Risk stratification

Median CARPREG II risk score in our cohort was 2 (IC [0; 3])
and was higher in the DCM and LVNC subgroups (Table 3).
Other risk scores are described in Table 3. Notably, one pa-

tient had CARPREG score of 3, and 12 were in class IV of
the mWHO classification.

In univariate analysis, CARPREG II was significantly higher
in patients with, versus without, maternal cardiac outcome
(3 [2.0; 5.0] vs. 2 [0; 3], P < 0.01), similarly to other scores,
except for ZAHARA (no difference).

Thirty-six pregnancies were at low risk according to
CARPREG II (score 0 or 1) (Figure 2). This subgroup pre-
sented only two cardiac events (one heart failure and one
short ventricular tachycardia leading to introduction of
beta-blockers), all in the first week postpartum. Conversely,
in the 16 high-risk pregnancies (CARPREG II score ≥4), 50%
presented a primary cardiac outcome. All three maternal
deaths occurred in patients with a CARPREG score > 4
(Figure 2).

To evaluate the prediction efficiency of CARPREG II score in
our CMP cohort, we built a ROC curve using sensitivity and
specificity. CARPREG II showed good discriminatory power
for risk stratification, with an area under the ROC curve
(AUC) of 0.782 [0.697–0.904] (P < 0.05). CAPREG II had a
higher AUC than other scores (CARPREG AUC 0.7555
[0.628–0.883]; mWHO AUC 0.697 [0.554–0.836], ZAHARA
AUC 0.604 [0.452–0.756]), Figure 3).

Table 2 Incidence of maternal cardiac complications, according to the type of cardiomyopathy

Overall
(n = 90)

DCM
(n = 28)

HCM
(n = 46)

ARVC
(n = 11)

LVNC
(n = 5)

Maternal cardiac event, n (%) 18 (20) 9 (32) 7 (15) 1 (9.1) 1 (20)
Maternal cardiac death, n (%) 3 (3.3) 1 (3.6) 1 (2.2) 0 (0) 1 (20)
Maternal cardiac arrest, n (%) 4 (4.4) 1 (3.6) 2 (4.3) 0 (0) 1 (20)
Significant arrhythmia, n (%) 10 (11) 3 (11) 6 (13) 1 (9) 0 (0)
Heart failure, n (%) 10 (11) 7 (25) 3 (6.5) 0 (0) 0 (0)
Stroke, n (%) 2 (2.2) 1 (3.6) 1 (2.2) 0 (0) 0 (0)
Myocardial infarction or any cardiac thromboembolism, n (%) 1 (1.1) 0 (0) 0 (0) 0 (0) 1 (20)

Values are mean ± standard deviation or n (%).
ARVC, arrhythmogenic right ventricular cardiomyopathy; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; LVNC, left
ventricular noncompaction.

Table 3 Maternal cardiac risk scores, according to the type of cardiomyopathy

Overall (n = 90) DCM (n = 28) HCM (n = 46) ARVC (n = 11) LVNC (n = 5)

CARPREG II 2 [0; 3] 3 [2; 5] 1 [0; 3] 0 [0; 2.5] 2 [1.75; 4.25]
CARPREG 1 [0; 1] 1 [0.75; 1] 0 [0; 1] 0 [0; 0.75] 0 [0; 1.25]
CARPREG: 0, n (%) 40 (44) 6 (21) 23 (50) 8 (73) 3 (60)
CARPREG: 1, n (%) 36 (40) 15 (54) 17 (37) 3 (27) 1 (20)
CARPREG: 2, n (%) 7 (7,8) 4 (14) 2 (4,3) 0 (0) 1 (20)
CARPREG: 3, n (%) 1 (1,1) 0 (0) 1 (2,1) 0 (0) 0
ZAHARA sore 1.5 [0.0; 3.0] 1.5 [0.94; 3.0] 1.5 [0.0; 3.0] 1.5 [0.0; 1.5] 1.5 [1.5; 1.88]
mWHO, n (%)

I 4 (4.4) 1 (3.6) 0 (0) 3 (27) 0 (0)
II 12 (13) 4 (15) 1 (2.2) 7 (64) 0 (0)
II–III 56 (62) 16 (57) 36 (78) 1 (9.1) 3 (60)
III 3 (3.4) 2 (7.1) 1 (2.2) 0 (0) 0 (0)
IV 12 (13) 4 (14) 6 (13) 0 (0) 2 (40)

Values are median [interquartile interval] or n (%).
mWHO, modified WHO score.
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Discussion

In this retrospective single-centre study conducted in a refer-
ral centre for inherited CMP, we found that maternal cardio-
vascular events were relatively frequent in this population, as
there were cardiac complications in 20% of cases, including
death in 3%. We also studied the prediction efficiency of sev-
eral risk scores during pregnancy, including the recent
CARPREG II score.19 We observed that the CARPREG II risk
score was the most efficient score in women with CMP in
predicting cardiovascular risk during pregnancy and postpar-

tum (AUC of ROC curve 0.782). To our knowledge, this is
the first study to evaluate this score in this specific subgroup
of women with cardiac disease.

Inherited cardiomyopathy: A population at high
risk during pregnancy

We report a higher overall cardiac complication rate than in
previous cohorts of pregnant women with cardiac disease in
general.2,3,19 In the CARPREG II study, Silversides et al. found

Figure 2 Incidence of cardiac maternal outcomes stratified according to CARPREG II risk score. Blue bars represent number of pregnancies according
to CARPREG II risk score (categorized into four groups: in 0–1, 2, 3, and ≥4). Red bars represent number of cardiac maternal complications.

Figure 3 Performance of CARPREG II and other risk scores in prediction of cardiac maternal outcomes. Left figure: ROC curve analysis of CARPREG II
risk score for cardiac maternal outcomes. Right figure: ROC curves of CARPREG II and previous scores CARPREG, ZAHARA, and mWHO, for cardiac ma-
ternal outcomes. *Cardiac maternal outcome is defined as the onset of any of the following cardiac maternal outcomes during pregnancy or within
6 months postpartum: maternal cardiac death, cardiac arrest, arrhythmia requiring treatment, heart failure, stroke or transient ischaemic attack, car-
diac thromboembolism, myocardial infarction, and vascular dissection.
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16% of cardiac adverse events, with the same primary end-
point, and a lower mortality rate of 0.6%.19 Similarly, in the
ROPAC registry, mortality was around 1% for overall heart
disease.2 These cohorts mostly included CHD and VHD, which
are known to be associated with lower cardiovascular risk
than CMP. Indeed, mortality reached 2.4% in the subgroup
of CMP,2 close to the result of our study, highlighting that
CMP represents a rare subgroup at higher risk and therefore
requires careful attention and proactive management during
pregnancy and the postpartum period.3

Only one previous study focused on inherited CMP.
Billebeau et al., in 2017, in a retrospective cohort of 43
cases of inherited CMP, observed cardiac adverse events in
35% of cases, a higher rate than in our study. This difference
could be explained by a less restrictive primary outcome in
Billebeau et al., including asymptomatic alteration of LVEF
or LVOTO.16 Also, our patients were less severely ill at base-
line than in the cohort of Billebeau et al. In particular, we
had a lower proportion of cases of HCM with LVOTO or
DCM with severe LV dysfunction, which are known to be
major determinants of maternal cardiac outcome.16 In addi-
tion, our inclusion period was from 1997 to 2022; thus, as
reported by Roos-Hesslink et al., there may be a period ef-
fect, with a trend to reduction of cardiac complications
and mortality in the last decade.3 This trend is observed in
our cohort. Indeed, only 5 of the 18 pregnancies with car-
diac outcomes occurred after 2013, and no maternal death.
This underlines the improvement of the process of care of
pregnant women with cardiac disease.

As noted in our study, inherited CMP is a heterogeneous
subgroup of cardiac diseases, with severity and cardiac out-
comes that depend on the CMP subtype. Few previous stud-
ies have focused on these different inherited CMP subtypes,
mostly in small cohorts, with various and limited data.
HCM, the most frequent inherited CMP, is the most de-
scribed. Most studies found a relatively low risk of major car-
diac events and low mortality.9,24–26 Indeed, Autore et al. re-
ported cardiac events in 15% of cases in an Italian cohort and
two cardiac deaths. Thaman et al. reported cardiac events in
27% of cases, but no death. In contrast, Tanaka et al. re-
ported, in a small cohort of 27 patients, a high cardiac compli-
cation rate of 48%, including non-sustained arrhythmia on
systematic Holter-ECG.10 We found cardiac adverse events
in 15% of our HCM patients, a value close to those of previ-
ous studies. Women with inherited DCM are less frequent
and appear at higher risk during pregnancy, as suggested by
Billebeau et al., but the data are very limited, and inconsis-
tent. Grewal et al., in 2009, found in a cohort of 36 cases of
DCM a complication rate of 39%.11 More recently, in contrast,
Boyle et al., in an Australian cohort of 14 cases of DCM, found
no cardiovascular event, but a high premature birth rate.12 In
DCM, Billebeau et al. reported a complication rate of 60%
versus 32% in our cohort. Overall, these data suggest a high
risk of cardiac complications in DCM, but also the need for

larger registries. In ARVC, cardiac complications seem to be
relatively infrequent during pregnancy, as suggested in previ-
ous large registries on ARVC, and confirmed in our
study.13,14,27

Few studies have focused on obstetrical and neonatal
outcomes in women with heart disease, especially in
inherited CMP. In our study, we reported a high rate of com-
plications including 20% premature births (vs. up to 30% in
the ROPAC registry),2 18% of cases of low birth weight,
and three foetal/neonatal deaths. These studies highlight
the need for close multidisciplinary collaboration with obste-
tricians and paediatricians in the management of pregnant
women with CMP.

Risk stratification in inherited cardiomyopathy

Several risk scores have emerged in the past decades to help
predict cardiovascular outcomes in pregnant women with
heart disease, such as the CARPREG score, ZAHARA, and the
mWHO classification. Although these scores are currently
used and suggested in the latest guidelines, mostly the
mWHO, they all have limitations, and their validation in the
different subgroups of heart disease remains uncertain.1,18

Two studies found that mWHO performed better that the
CARPREG score, one in a specific cohort of CHD,28 the other
in a large cohort of 179 patients with various heart diseases,
although CMP was poorly represented at only 8% of the
cohort.29 Conversely, Billebeau et al. reported better perfor-
mances of CARPREG in their cohort of inherited CMP women,
compared with the mWHO classification.16 CARPREG showed,
however, limitations in the classification of women at low
risk, as 23% of women with a score of 0 presented complica-
tions. In this context, the CARPREG II risk score, built on a
large prospective cohort of pregnant women, and based on
10 variables, including general cardiac as well as specific car-
diac factors, but also considering the process of care, appears
promising for better risk stratification. Its efficiency has al-
ready proven better than those of the previous CARPREG
and mWHO scores, in the first study, with a c-statistic of
0.78.19 No study before ours has evaluated the performance
of CAPREG II in specific subgroups. In our inherited CMP co-
hort, CAPREG II performed well in predicting cardiac compli-
cations, with an AUC of the ROC curve of 0.782, a value sim-
ilar to that reported by Silversides et al.19 In addition, we
observed that the efficiency of the CARPREG II score was bet-
ter, with a higher AUC, than that of previous scores, including
the mWHO, although our study was underpowered to statis-
tically demonstrate it. Moreover, CARPREG II efficiently iden-
tified women at low risk of complications, in line with the re-
sults reported by Silversides et al., and in contrast to the poor
discrimination of CARPREG in CMP patients previously
pointed out by Billebeau et al.16,19
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Several predictors included in the CARPREG II risk score
have already been identified as risk factors in inherited cardio-
myopathies, specifically features focusing on the initial sever-
ity of the cardiopathy. Indeed, left ventricle dysfunction is fre-
quently reported as a major risk factor in DCM11 and ARVC.14

In our study, 4 cardiovascular events occurred in patients with
mild left ventricular dysfunction (LVEF 40–50%). This could ex-
plain why CARPREG II is more sensitive than CARPREG or
mWHO, focusing on severe left ventricular dysfunction. Con-
versely, in HCM patients, the role of LVOTO in the onset of car-
diac events is uncertain, although it appears in the CARPREG II
risk score.9,10 We found no difference of LVOTO according to
the onset of cardiac outcome, although our study was not de-
signed for that purpose. One advantage of the CARPREG II risk
score, reported by Silversides et al., was that it includes
lesion-specific variables, such as coronary artery disease, me-
chanical prosthesis, high-risk aortopathy or pulmonary hyper-
tension. However, these features do not concern inherited
CMP. For the first time, this score includes a variable related
to the process of care. Late pregnancy assessment was indeed
found to be associated with cardiac outcomes (odds ratio
1.6).19 In our study, cardiac events were more frequent in pa-
tients with late maternal assessment, and all three cardiac
deaths occurred in patients without regular follow-up,
underlining the accuracy of CARPREG II in this population.

Limitations

Our study may have some limitations. First, this is an observa-
tional retrospective study, with some missing data, thus limit-
ing statistical analysis and conclusions. Although this cohort is
larger than previous inherited CMP cohorts, it is relatively
small, with a lack of power to compare the risk scores statis-
tically or to evaluate risk factors in multivariate analysis. How-
ever, our objective was to describe the real-life experience of
a reference centre for inherited CMP. Finally, because of the
possible selection bias of a tertiary centre, it is difficult to
generalize the results to other centres. Data reported in our
study are, however, consistent with the previous results of
Silversides et al. in cardiac diseases in general, thus
supporting our conclusions.

Conclusion

Pregnancies in women with inherited cardiomyopathies are
at high risk of maternal cardiac adverse events and therefore
require careful management. We observed that the recent
CARPREG II risk score was the most efficient score in this spe-
cific population in discriminating and stratifying maternal car-
diac risk during pregnancy and postpartum. This may be rele-
vant for clinical practice and further recommendations in this
field.
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