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ABSTRACT

BACKGROUND The hemodynamic changes during pregnancy can be challenging in women with underlying heart
disease, particularly in women with impaired left ventricular function (LVF, left ventricular ejection fraction <40%).

OBJECTIVES The aim of this study was to describe the cardiac, obstetric, and fetal outcomes of pregnancy in women
with impaired LVF.

METHODS ROPAC (Registry Of Pregnancy and Cardiac disease) includes an international, prospective, observational

cohort of pregnancies in women with heart disease. Cardiac, obstetric, and fetal outcomes were analyzed in 251 patients
with impaired LVF. The primary endpoint was the occurrence of major adverse cardiac events (MACE) including maternal
death, supraventricular or ventricular arrhythmias, heart failure, aortic dissection, endocarditis, ischemic coronary event,
and other thromboembolic events. Logistic regression was used to determine variables associated with poor outcomes.

RESULTS Median follow-up duration was 7 (6-11) months. Maternal mortality occurred in 6/251 (2.4%, 1%-5%) and
heart failure in 67/251 (27%, 21%-33%) patients. Ventricular tachyarrhythmias occurred in 11/251 (4%, 2%-8%)
patients. Eighty-one of 251 (32%, 27%-38%) patients experienced at least one MACE during pregnancy or up to

6 months postpartum. Obstetric complications were common, including preterm birth in 67/251 (27%, 22%-33%) and
low birthweight in 65/251 (26%, 21%-32%). Patients with cardiomyopathy were at higher risk of cardiovascular
complications with 4.3% mortality and nearly 40% risk of MACE during pregnancy. Prepregnancy signs of heart failure
(OR: 2.67; 1.3-5.6), atrial fibrillation (OR: 6.32; 3.0-13.3), and an NYHA functional class >II (OR: 6.06; 2.2-16.6) were
associated with poor cardiac outcomes.

CONCLUSIONS Women with impaired LVF are at increased risk of complications, particularly heart failure,
tachyarrhythmias, and premature delivery with low birth weight. (JACC Adv. 2026;5:102605) © 2026 The Authors.
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

ACE = angiotensin-converting
enzyme

CHD = congenital heart disease
CMP = cardiomyopathy

CS = Cesarean section

CV = cardiovascular

ESC = European Society of
Cardiology

LVEF = left ventricular
ejection fraction

LVF = left ventricular function

MACE = major adverse cardiac
events

mWHO = modified World
Health Organization

VHD = valvular heart disease

VKA = vitamin K antagonists

mpaired left ventricular function (LVF)

predominantly affects the elderly, with

only 0.2 percent of young adults being
affected.’ This figure is rising due to the
increasing frequency of premature athero-
sclerosis, the improved life expectancy of
patients with congenital heart disease
(CHD), the better standard of care for cardio-
myopathy (CMP) patients, and the
increasing incidence of chemotherapy-
induced LV dysfunction.”

During pregnancy, a variety of hemody-
namic changes occur which are necessary for
the mother to be able to support the growing
fetus.> These changes can be challenging
for women with underlying maternal heart
disease, particularly with impaired LVF
when the physiological increase in cardiac
output and heart rate during pregnancy can

have devastating consequences.

According to the modified World Health Organi-
zation (mWHO) classification, pregnant women with
mild LV impairment are in mWHO class II-III and
therefore have a small to significantly increased risk
of maternal mortality and severe morbidity. Howev-
er, the presence of severe LV impairment with an LV
ejection fraction (LVEF) < 30% is considered a
contraindication for pregnancy (mWHO class 1V).°
The cardiac disease in pregnancy (CARPREG) risk
score is also widely used and suggests that the pres-
ence of systemic ventricular dysfunction, with an
LVEF <40%, is an independent predictor of cardiac
complications during pregnancy.” However, due to
the low incidence of impaired LVF in pregnancy,
most of these recommendations are based on expert
opinion, small case series, which are mostly retro-
spective, and on women with a variety of lesions.
Indeed, CARPREG includes patients with complex
(corrected) congenital malformations with a systemic
right ventricle or a Fontan circulation, emphasizing
that there is a lack of specific information for patients
with impaired LVF.

The current prospective study aims to provide in-
formation on the cardiac, obstetric, and fetal out-
comes in a cohort of pregnant women with impaired
LVF (LVEF <40%), excluding patients with complex
CHD, derived from the worldwide observational
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European Society of Cardiology (ESC) EURObserva-
tional Research Programme (EORP) Registry Of
Pregnancy And Cardiac disease (ROPAC), and to
identify with pregnancy

associations adverse

outcomes.

METHODS

STUDY DESIGN. The ESC-EORP ROPAC is an inter-
national, prospective, observational registry of
pregnant patients with structural or ischemic heart
disease, aorta pathology, and pulmonary arterial
hypertension. The study design and methods have
been described in detail previously.® When required,
ethical approval or Institutional Review Board
approval was obtained (eg, in Germany, United
States, Canada, and Belgium). However, in some
countries, the procedure to obtain ethical approval
was waived because of the anonymized and un-
traceable nature of the data. Informed consent was
obtained from patients if required by the local inde-
pendent review board. Pregnant patients were
included prospectively from 2008, and for this anal-
ysis, we included all pregnancies in patients with
impaired LVF enrolled between January 2008 and
January 2018. We compared outcome of our patients’
series with ROPAC patients with normal LVF (Central
Illustration). Patients with a systemic right ventricle
or a univentricular heart were excluded.

DATA. The ROPAC study protocol and the first re-
sults of this registry were published in 2013.%
Baseline characteristics collected before pregnancy
included age, NYHA functional classification, elec-
trocardiogram rhythm, diagnosis,
(smoking habits, hypertension, diabetes, signs of

risk factors

heart failure [in the past or pre-existing]), medica-
tion, previous interventions, parity and obstetric
history and echocardiographic measurements.
Countries were divided into developed or emerging
countries according to the International Monetary
Fund Classification. Data were available up to
1 week postpartum for all patients; data on the
6-month postpartum follow-up were available in
182 patients (73%).

DEFINITIONS AND ENDPOINTS. The primary com-
bined endpoint was the occurrence of a major
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Associations With Major Adverse Cardiac Events:
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Pregnancy in Women With Impaired Left Ventricular Function: Data From ROPAC
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Conclusion:

Women with impaired LVF (LVEF <40%) face increased
risks of maternal and fetal morbidity. Preconception
counseling and intensive monitoring are essential.

MACE = major adverse cardiac events; ROPAC = Registry of Pregnancy and Cardiac disease.

adverse cardiac event (MACE), defined as combined
endpoint of maternal death, supraventricular or
ventricular arrhythmias requiring treatment, heart
failure, aortic dissection, endocarditis, ischemic
coronary event, and other thromboembolic events.
The secondary endpoints were adverse obstetric
outcomes and adverse fetal/neonatal outcomes.
Heart failure was defined according to the American
College of Cardiology/American Heart Association
guidelines, and heart failure episodes were only
included when they required hospital admission,
new treatment, or a change in the existing treatment
regimen. Impaired LVF was defined as an
LVEF <40%. Postpartum hemorrhage was defined as
increased blood loss during delivery up to 24 hours
postpartum requiring specific interventions. Hemo-
lysis, elevated liver enzymes, low platelets syn-
drome, eclampsia
pregnancy-induced hypertension were

and pre-eclampsia, and

defined

according to the International Society for the Study
of Hypertension in Pregnancy 2012 statement.® Fetal
mortality was defined as the death of a fetus after
20 weeks gestational age until birth. Neonatal mor-
tality was defined as the death of a live-born baby in
the first 6 months of life. Premature birth was
defined as birth before 37 weeks gestational age. Low
birth weight was defined as a birth weight below
2,500 g. Low Apgar score was defined as an Apgar
score at 5 minutes of below 7. All outcomes were
examined for the duration of the pregnancy and up
to 6 months postpartum.

STATISTICAL ANALYSIS. Data are presented as
mean + SD if normally distributed and median (IQR)
if skewed. Categorical data are presented as fre-
quencies and percentages. Differences between
groups were assessed using Student’s t-test for nor-
mally distributed variables and the Mann-Whitney
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TABLE 1 Baseline Characteristics
ROPAC Cohort
Impaired LVF  (Normal LVF)
(n =251) (n =5,369) P Value
Demographics
Ageiny 30.8 £5.6 29.5 £5.7 0.001
Nulliparity 98 (39%) 2,406 (45%) 0.040
Emerging country 136 (54%) 2,129 (40%) <0.001
Diagnosis
Cardiomyopathy 15 (46%) 323 (6%) <0.001
Dilated cardiomyopathy 53 (46.1%°)  31(9.6%") <0.001
Hypertrophic cardiomyopathy 5 (4.3%7) 88 (27.2%")  0.630
Other CMP? 57 (49.6%°) 111 34.4%°) <0.001
Congenital heart disease 62 (25%) 3,114 (58%) <0.001
Tetralogy of Fallot 11 (18%°) 415 (13%") 0.060
Transposition of the great arteries (arterial switch) 2 3%") 178 (6%°) 0.030
Atrial or ventricular septal defects 17 (27%") 1,111 36%")  <0.001
Pulmonary atresia 2 (3%") 34 (1%°) 0.730
Valvular heart disease 55 (22%) 1,593 (30%) 0.010
Aortic stenosis 12%°) 137 (9%°) 0.030
Aortic regurgitation 2 (4%°) 146 (9%°) 0.070
Aortic stenosis and regurgitation 1 %) 69 (4%°) 0.230
Mitral stenosis 15 (27%°) 273 (17%°)  0.480
Mitral regurgitation 18 (33%°) 482 (30%°)  0.380
Mitral stenosis and regurgitation 15 (27%°) 263 (17%") 0.390
Pulmonary stenosis 2 (4%°) 100 (63%°)  0.230
Ischemic heart disease 1 (4%) 84 (2%) 0.001
Aortic pathology 7 (3%) 210 (4%) 0.370
Pulmonary arterial hypertension 1(0.4%) 44 (1%) 0.460
Prepregnancy history
Current smoking 15 (6%) 209 (4%) 0.110
Hypertension 33 (13%) 345 (6%)  <0.001
Heart failure 64 (26%) 525 (10%) <0.001
Atrial fibrillation 1 (4%) 95 (2%) 0.003
Angina pectoris 14 (6%) 155 (3%) 0.040
Diabetes mellitus 4 (2%) 85 (2%) 0.120
NYHA functional class | 122 (49%) 4,007 (75%) <0.001
NYHA functional class Il 85 (34%) 1,074 20%) <0.001
NYHA functional class IlI 28 (11%) 145 (3%) <0.001
NYHA functional class IV 6 (2%) 21(0.4%) <0.001
Prior intervention 96 38%) 2,974 (55%) <0.001
Prior medication 169 (67%) 1,552 (29%) <0.001
Beta-blocker 87 (35%) 350 (7%) <0.001
Diuretics 9 (4%) 39 (0.7%) <0.001
ACE inhibitor 21 (8%) 52 (1%) <0.001
Anticoagulation 96 (38%) 1,018 (19%) <0.001
Values are mean + SD or n (%). *Percentage of subdiagnosis CMP. "Percentage of subdiagnosis CHD.
Percentage of subdiagnosis VHD.
ACE = angiotensin-converting enzyme; CHD = congenital heart disease; CMP = cardiomyopathy; LVF = left
ventricular function; ROPAC = Registry of Pregnancy and Cardiac disease; VHD = valvular heart disease.

U test for skewed distributed variables. Differences in
categorical variables were assessed using the chi-
square test or Fisher exact test (>20% of expected
cell counts <5), if appropriate. Univariable analyses
were performed to explore associations between
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variables and MACE, and not causal relationships.
Variables showing a significant association (P = 0.05)
in univariable analyses were subsequently entered
into a multivariable logistic regression model with a
logit link to explore associations with MACE. Missing
data in prespecified variables (age, nulliparity, NYHA
functional class >II, prior medication, anti-
coagulation, history of hypertension, and signs of
heart failure) were handled using multiple imputa-
tion by chained equations (Supplemental Tables 1
and 2). Using multiple imputation by chained equa-
tions, 5 data sets were generated using 5 iterations.
Subsequently, regression models were all fitted on
each data set separately, and model coefficients and
P values were pooled according to Rubin’s rules.
Supplemental Tables 1 and 2 summarize the propor-
tion of missing data for each variable included in the
multivariable analyses. Complete-case analyses yiel-
ded similar results and are provided for sensitivity.
All statistical tests and analyses were performed with
SPSS version 21.0 (SPSS Inc). A P value of =0.05
(2-sided test) was considered significant.

RESULTS

Of the 5,739 pregnancies within ROPAC, a total of 251
pregnancies in patients with impaired LVF were
included from 50 centers in 32 countries, of which 16
were countries with an advanced economy. Four out
of 251 (2%) pregnancies were twin pregnancies. Me-
dian follow-up duration was 7 (6-11) months. The
mean maternal age was 30.8 + 5.6 years, and 98/251
(39%) patients were nulliparous. Baseline character-
istics are presented in Table 1. Differences between
the patients with and without impaired LVF were
found in the distribution of underlying diagnoses and
in the baseline parameters. The underlying diagnoses
of patients with impaired LVF are shown in Figure 1.
One hundred fifteen out of 251 (46%) patients had
some form of CMP, and 64/251 (26%) patients pre-
sented with signs of heart failure prior to pregnancy.
The majority of patients were in functional NYHA
functional class I (122/251, 49%). Prior to pregnancy,
169/251 (67%) patients were treated with cardiac
medication, of which 87 (35%) were taking a beta-
blocker, 9 (4%) diuretics, and 21 (8%) an
angiotensin-converting enzyme-inhibitor (ACE-in-
hibitor) (Supplemental Table 3).

MATERNAL CARDIAC OUTCOME. In 81/251 (32%;
95% CI: 27%-38%) patients, at least one MACE
occurred during pregnancy or postpartum, of which
63 (25%; 95% CI: 20%-31%) patients required hospital
admission. Pregnancy was complicated by heart
failure in 67/251 (27%; 95% CI: 21%-33%) and 12/251
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FIGURE 1 Diagnosis Details of 251 Pregnant Women With
Impaired Left Ventricular Function
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(5%; 95% CI: 3%-9%) women developed heart failure
postpartum, of which 2 (1%) developed heart failure
for the first time after delivery (10 weeks and
5 months postpartum) and 1 (0.3%) developed heart
failure during pregnancy secondary to mechanical
valve thrombosis. Arrhythmias during pregnancy
occurred in 22/251 (9%; 95% CI: 6%-13%) patients,
with atrial fibrillation or flutter in 11/251 (4%; 95% CI:
3%-8%) and ventricular tachyarrhythmias in 11/251
(4%; 95% CI: 2%-8%) patients. The cardiovascular
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(CV) outcomes of patients with impaired LVF are
summarized and compared to heart disease patients
with normal LVF in Table 2. Almost all patients who
were in NYHA functional classes III (79%) or IV (83%)
prior to pregnancy experienced a cardiac event dur-
ing pregnancy or in the postpartum period, as pre-
sented in Supplemental Figure 1. The highest rate of
MACE during pregnancy was seen in patients with
dilated CMP (24/53, 45%), hypertrophic CMP (1/5,
20%), combined valvular disease of mitral stenosis
and mitral regurgitation (11/16, 67%), and in patients
with peripartum CMP in previous pregnancies
(12/25, 48%).

MATERNAL MORTALITY. Six out of 251 (2.4%) pa-
tients died during pregnancy or in the postpartum
period. Their age, underlying diagnosis, LVEF prior
to pregnancy, NYHA functional class prior to preg-
nancy, cause of death, and timing of death have been
summarized in Table 3.

CARDIAC MEDICATION BEFORE AND DURING
PREGNANCY. A total of 169/251 (67%) patients were
treated with cardiac medication before pregnancy. Of
the 21/251 (8%) patients who used an ACE-inhibitor
before pregnancy, 8 (38%) of them continued dur-
ing pregnancy. The medications used before and
during pregnancy are presented in Supplemental
Table 3. The women who were using ACE inhibitors
during pregnancy did not have significantly more
children with congenital diseases or birth defects
than women who did not use ACE-inhibitors during
pregnancy (11.1% Vs 2.9%; P = 0.170).

ANTICOAGULATION. Prior to pregnancy, 27/251 (11%)

patients used vitamin K antagonists (VKAs). These
were primarily patients with valvular heart disease

TABLE 2 Cardiovascular Outcome
ROPAC Cohort
Impaired LVF (Normal LVF)
(n = 251) (n =5,369) P Value
MACE 81 (32%, 27%-38%) 698 (13%, 12%-14%) <0.001
Maternal mortality 6 (2.4%, 1%-5%) 33 (0.6%, 0.4%-1%) 0.001
Hospital admission for cardiac reasons 63 (25%, 20%-31%) 673 (13%, 12%-14%) <0.001
Heart failure episode during pregnancy 67 (27%, 21%-33%) 532 (10%, 9%-11%) <0.001
Heart failure episode postpartum 12 (5%, 3%-9%) 78 (1.5%, 1.2%-2%) <0.001
Ventricular tachyarrhythmia 1 (4%, 2%-8%) 75 (1.4%, 1.1%-1.7%) <0.001
Atrial fibrillation or flutter 11 (4%, 3%-8%) 78 (1.5%, 1.2%-1.8%) <0.001
Endocarditis 1(0.4%, 0.1%-2%) 31(0.6%, 0.4%-0.8%) 0.710
Aortic dissection 0 (0%) 5 (0.1%, 0.04%-0.2%) 0.630
Ischemic coronary event 2 (0.8%, 0.2%-3%) 22 (0.4%, 0.3%-0.6%) 0.360
Other thromboembolic events® 8 (3.2%, 1%-5%) 74 (1.4%, 1.1%-1.7%) 0.020
Values n (%, 95% Cl). *Cerebrovascular accident or deep vein thrombosis.
MACE = major adverse cardiac events; other abbreviations as in Table 1.
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TABLE 3 Details of Patients Who Died During Pregnancy or in the Postpartum Period

Age, y Diagnosis LVEF NYHA Functional Class Cause of Death Timing of Death

Patient 1 29 Dilated CMP Unknown 1l Unknown 14 weeks GA

Patient 2 22 Dilated CMP Unknown 1l Septic shock after heart transplant 14 weeks postpartum

Patient 3 35 Mechanical valve 30% 1l Refractory cardiogenic shock after 1 week postpartum
developing severe heart failure at
20 weeks GA

Patient 4 24 Dilated CMP 25% v Cardiogenic shock after developing Two weeks postpartum
pulmonary edema at 37 weeks GA

Patient 5 22 Noncompaction CMP 19% v Refractory cardiogenic shock after Unknown number of weeks after
developing heart failure and pregnancy termination in first
severe anemia trimester

Patient 6 30 Hypertrophic CMP Unknown 1] Multi-organ failure due to refractory Shortly after miscarriage at

cardiogenic shock

22 weeks GA

GA = gestational age; LVEF = left ventricular ejection fraction; other abbreviation as in Table 1.

(VHD) (n =11, 63%) and with CHD (n =4, 15%). Of the 27
patients with prepregnancy VKA use, 12 (44%) pa-
tients had one or more mechanical valvular prostheses
(all left-sided) in situ. Of the 27 VKA users, 20 (74%)
patients switched to low-molecular-weight heparin in
therapeutic dosage during the first trimester. In the
second and third trimester, 25 (93%) patients
used VKA as anticoagulants, with a switch to either
therapeutic or prophylactic dosages of low-molecular-
weight heparin in the weeks before and during de-
livery (all except one). Additional 20/251 (8%) patients
were using antiplatelet therapy (acetylsalicylic acid),
which they continued throughout the pregnancy. In
8/251 (3%) patients, antiplatelet therapy was initiated
during pregnancy.

ASSOCIATIONS WITH ADVERSE CARDIAC OUTCOME.
The results of the univariable and multivariable

logistic regressions are shown in Figure 2 and

Supplemental Table 4. Prepregnancy signs of heart

failure (OR: 2.67; 95% CI: 1.3-5.6), NYHA functional
class >II (OR: 6.06; 95% CI: 2.2-16.6), and prior atrial
fibrillation (OR: 6.32; 95% CI: 3.0-13.3) were associ-
ated with MACE, as observed in exploratory multi-
variable analyses.

SUBGROUP ANALYSES. Cardiomyopathy. Of the
115/251 (46%) CMP patients with impaired LVF,
almost half (n = 55, 48%) had dilated CMP. Other
frequently observed diagnoses were peripartum CMP
(n = 25, 22%), chemotherapy-induced CMP (n = 7,
6%), LV noncompaction (n 12, 10%), and
myocarditis (n = 6, 5%). Baseline characteristics of
CMP patients with impaired LVF are shown in
Supplemental Table 5 and are compared to CMP
patients with normal LVF. There were several
differences found in wunderlying diagnoses and
baseline parameters. Supplemental Table 6 depicts
the CV outcome of CMP patients with impaired LVF
in comparison to CMP patients with normal LVF.

FIGURE 2 Associations With MACE in Women With Impaired LVF
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MACE = major adverse cardiac event; other abbreviation as in Figure 1.
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TABLE 4 Characteristics of Patients With Impaired LVF per Diagnosis Group, Compared Between Patients With and Without a CV Event
Cardiomyopathy Congenital Heart Disease Valvular Heart Disease
MACE No MACE MACE No MACE MACE No MACE
(n = 45) (n =70) P Value (n=13) (n =49) P Value (n=21) (n=34) P Value
Demographics
Ageiny 309+6.7 31.8+47 0.660 28.6+6.9 288 +5.1 0.900 303+6.4 29.6+57 0.070
Nulliparity 15 (33%) 25 (36%) 0.790 7 (54%) 29 (59%) 0.730 4 (19%) 12 35%) 0.200
Emerging country 31 (69%) 35 (50%) 0.046 4 (31%) 16 (33%) 0.890 16 (76%) 24 (711%) 0.650
Prepregnancy history
Current smoking 3 (7%) 6 (9%) 0.030 0 (0%) 2 (4%) 0.070 1(5%) 1(3%) 0.260
Hypertension 10 (22%) 10 (14%) 0.270 1(8%) 3 (6%) 0.860 2 (10%) 5 (15%) 0.820
Heart failure 22 (49%) 10 (14%) <0.001 6 (46%) 4 (8%) 0.001 10 (48%) 9 (26%) 0.090
Atrial fibrillation 0 (0%) 0 (0%) - 1(8%) 0 (0%) 0.050 7 33%) 3 (9%) 0.020
Angina pectoris 2 (4%) 4 (6%) 0.910 1(8%) 1(2%) 0.520 0 (0%) 3 (9%) 0.180
Diabetes mellitus 1(2%) 0 (0%) 0.210 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -
NYHA functional class | 8 (18%) 34 (49%) 0.001 5 (38%) 38 (78%) 0.007 4 (19%) 20 (59%) 0.004
NYHA functional class Il 22 (49%) 29 (41%) 0.430 4 (31%) 8 (16%) 0.240 8 (38%) 9 (26%) 0.370
NYHA functional class Il 9 (20%) 1(1%) 0.001 3(23%) 2 (4%) 0.030 9 (43%) 3(9%) 0.003
NYHA functional class IV 5 (M%) 1 (1%) 0.020 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -
Prior intervention 3 (7%) 8 (M%) 0.390 10 (77%) 37 (76%) 0.920 10 (48%) 19 (56%) 0.380
Prior medication 36 (80%) 55 (79%) 0.850 9 (69%) 13 (27%) 0.004 20 (95%) 22 (65%) 0.010
Beta-blocker 18 (40%) 38 (54%) 0.140 4 (31%) 6 (12%) 0.110 4 (19%) 8 (24%) 0.700
Diuretics 2 (4%) 4 (6%) 0.770 0 (0%) 1(2%) 0.600 1 (5%) 0 (0%) 0.200
ACE inhibitor 6 (13%) 10 (14%) 0.890 0 (0%) 1(2%) 0.600 1 (5%) 2 (6%) 0.860
Anticoagulation 17 (38%) 24 (34%) 0.700 4 (31%) 9 (18%) 0.330 16 (76%) 16 (47%) 0.030
Mechanical prosthesis - - - - - - 6 (29%) 9 (26%) 0.870
Values are mean =+ SD or n (%).
CV = cardiovascular; other abbreviations as in Tables 1 and 2.

Maternal mortality rates (4.3% vs 0.9%; P = 0.020)
and noncoronary thromboembolic complications
(3.5% vs 0%) differed significantly. Table 4 shows
the characteristics of patients with impaired LVF
per diagnosis group, comparing patients with and
without a CV during pregnancy or
postpartum. In the CMP group, a greater proportion
with a CV event came from an emerging country
(69% Vs 50%; P = 0.046), showed signs of heart
failure prepregnancy (49% vs 14%; P < 0.001), were
in NYHA functional class III (20% vs 1%; P = 0.001)
and NYHA functional class IV (11% vs 1%; P = 0.020)
and a lesser proportion were in NYHA functional
class I (18% Vs 49%; P = 0.001).

Congenital heart disease. Atrial and ventricular
septal defects were the most frequently observed
diagnoses in the CHD group with impaired LVF (17/
62, 27%). Baseline characteristics of CHD patients
with impaired LVF are shown in Supplemental

event

Table 7 and are compared to CHD patients with
normal LVF. Signs of heart failure prepregnancy were
more often seen in the patients with impaired LVF
(16% vs 6%; P = 0.001), as well as beta-blocker use
prior to pregnancy (16% Vs 5%; P < 0.001).

Supplemental Table 8 shows the CV outcomes of CHD
patients with impaired LVF in comparison to CHD
patients with normal LVF. MACE rates (21% vs 8%;
P < 0.001), especially heart failure episodes (19% vs
6%; P < 0.001) differed significantly. In the CHD
group with a CV event, a significantly higher per-
centage of patients showed signs of heart failure
prepregnancy (46% vs 8%; P = 0.001), had atrial
fibrillation prepregnancy (8% vs 0%; P = 0.050), had
received cardiac medications more often prior to
pregnancy (69% Vs 27%; P = 0.004), and were more
often in NYHA functional class III (23% Vs 4%;
P = 0.030) and less often in NYHA functional class I
(38% vs 78%; P = 0.007) (Table 3).

Valvular heart disease. Baseline characteristics of
VHD patients with impaired LVF are shown in
Supplemental Table 10 and are compared to VHD
patients with normal LVF. Those with impaired LVF
were more likely to have mitral stenosis alone or in
combination with regurgitation (P < 0.05 and 0.04
respectively) and to have a mechanical valve (27% vs
17%; P = 0.040); they were more likely to have a pre-
existing diagnosis of hypertension (13% vs 4%;
P = 0.003), atrial fibrillation (18% vs 5%; P < 0.001)
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TABLE 5 Obstetric, Fetal, and Neonatal Outcome
Impaired LVF ROPAC Cohort (Normal LVF)
(n =251) (n =5,369) P Value
Obstetric outcome
Pregnancy-induced hypertension 8 (3%, 2%-6%) 139 3%, 2%-3%) 0.180
Pre-eclampsia, eclampsia, and HELLP 4 (2%, 1%-4%) 152 (3%, 2%-3%) 0.270
Caesarean section 141 (56%, 50%-63%) 2,290 (43%, 41%-44%) <0.001
Emergency caesarean section 44 (18%, 14%-23%) 471 (9%, 8%-10%) <0.001
For cardiac reasons 15 (6%, 4%-8%) 65 (1%, 1%-2%) <0.001
Major postpartum hemorrhage 9 (4%, 2%-6%) 151 3%, 2%-3%) 0.470
Fetal and neonatal outcome
Fetal mortality 5 (2%, 1%-5%) 65 (1.2%, 1%-2%) 0.490
Neonatal mortality 3 (1.2%, 1%-4%) 29 (0.5%, 0.4%-0.8%) 0.180
Premature birth 67 (27%, 22%-33%) 786 (15%, 14%-16%) <0.001
Low Apgar score 22 (9%, 6%-13%) 344 (6%, 6%-7%) 0.140
Low birth weight 65 (26%, 21%-32%) 568 (1%, 10%-11%) <0.001
Intrauterine growth retardation 17 (7%, 5%-11%) 218 (4%, 4%-5%) 0.040
Pregnancy duration in weeks (median, IQR) 38 (36-39) 38.7 (37.4-39.7) <0.001
Median birth weight in grams (IQR) 2,792 (2,355-3,192.5) 3,020 (2,700-3,400) <0.001
Median birth weight (IQR) with beta-blocker use 2,639.5 (2,357.5-3,065) 2,835 (2,500-3,155) 0.020
Median birth weight (IQR) without beta-blocker use 2,895 (2,310-3,270) 3,040 (2,700-3,400) 0.048
Values are n (%, 95% Cl) unless otherwise indicated.
HELLP = hemolysis, elevated liver enzymes, and low platelets; other abbreviation as in Table 1.

and heart failure (35% vs 16%; P < 0.001) and to be on
medication; beta-blockers (22% vs 6%; P < 0.001),
anticoagulation (58% vs 29%; P < 0.001), and ACE
inhibitors (6% vs 1%; P = 0.002). Supplemental
Table 10 shows the CV outcome of VHD patients
with impaired LVF in comparison to VHD patients
with normal LVF. MACE rates (38% Vs 20%,
P < 0.001), especially heart failure episodes during
pregnancy (31% vs 16%; P = 0.002) and atrial
fibrillation or flutter (13% vs 3%; P < 0.001) were
more common. In the VHD with a CV event group,
more patients suffered from atrial fibrillation prior
to pregnancy (33% vs 9%; P = 0.020) and used
prepregnancy medications (95% vs 65%; P = 0.010),
in particular anticoagulation (76% Vs 47%;
P = 0.030); they were more often in NYHA func-
tional class III (43% Vs 9%; P = 0.003) and less
often in NYHA functional class I (19% Vs 59%;
P = 0.004) (Table 4).

Obstetric and neonatal outcome. The obstetric
and neonatal outcomes of patients with impaired
LVF are summarized and compared to heart disease
patients with normal LVF in Table 5. A total of 62/251
(25%; 95% CI: 20%-31%) pregnancies were compli-
cated by one or more adverse obstetric events, and
fetal events occurred in 80/251 (32%; 95% CI: 27%-
38%) pregnancies. Patients with impaired LVF were
more often delivered by Cesarean section (CS)
(56% Vs 43%; P < 0.001), which was more often an

emergency (18% vs 9%; P < 0.001) and for cardiac
reasons (6% vs 1%; P < 0.001). Despite experiencing
more preterm birth (27% vs 15%; P < 0.001), low birth
weight (26% vs 11%; P < 0.001), and intrauterine
growth restriction (7% vs 4%; P = 0.040), rates of
fetal and neonatal mortality were similar. Overall,
patients with impaired LVF had a shorter median
pregnancy duration (38 [36-39] vs 38.7 [37.4-39.7]
weeks; P < 0.001) and babies with a lower median
birth weight (2,792 [2,355-3,192.5] vs 3,020 [2,700-
3,400] g; P < 0.001) in the presence (2,639.5 [2,357.5-
3,065] vs 2,835 [2,500-3,155] g; P = 0.020) or absence
(2,895 [2,310-3,270] vs 3,040 [2,700-3,400] g;
P = 0.048) of beta-blocker use. Three live-born neo-
nates died within the first 6 months of life (1.2%), all
had been born prematurely. Of the 65 babies with low
birth weight (26%), 52 (80%; 95% CI: 69%-88%) were
born prematurely.

DISCUSSION

This is one of the largest studies to examine the
pregnancy outcome of patients with impaired LVF in
detail. In this prospective world-wide registry of
5,739 pregnancies in patients with structural and
ischemic heart disease, 251 patients were identified
with impaired LVF (defined as a LVEF <40%),
excluding patients with a systemic right ventricle or
single-ventricle morphology. Overall, at least one
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MACE occurred in 32% of pregnancies, which is
significantly higher than in other groups of cardiac
patients.’® NYHA functional class >2, prior atrial
fibrillation, and signs of heart failure prior to preg-
nancy were associated with MACE in women with
impaired LVF.

MORTALITY. The maternal mortality rate for women
with impaired LVF in our registry is 2.4%, which is
significantly higher than the rates in the normal
pregnant population and also than the rates in our
total registry (0.6%).'° The 6 women who died during
pregnancy suffered from acute exacerbation of heart
failure or died suddenly and were diagnosed with
CMP or VHD. In our study, especially patients with
CMP were at high mortality risk (4.3%), which makes
them more than 600 times more likely to die during
pregnancy than healthy pregnant women. According
to the mWHO classification, patients with an
LVEF <30% should be advised against pregnancy.®"
In our study, the women who died and had a known
LVEF, these were all 30% or below. The high mor-
tality rate among these patients underlines the
importance of this guideline recommendation.
Women with an LVEF of more than 30% but below
40%, who are included in our study, are considered
to be in mWHO class III according to the guidelines.
In the 2018 ESC guidelines, mWHO IV is defined as
having a maternal cardiac event rate of 40% to 100%,
whereas mWHO III is defined as having an event rate
of 19% to 27%."" With the high mortality rate and rate
of MACE (almost 40%) in our study, it seems
defendable to consider women with an LVEF <40%
as mWHO IV. However, as we do unfortunately not
know the precise LVEF of the vast majority of
women, the high mortality and morbidity rates in our
study could be explained by those who are currently
in mWHO IV due to an LVEF of below 30%.

MAJOR ADVERSE CARDIAC EVENTS, ASSOCIATIONS,
AND SUBGROUPS. Thirty-two percent of pregnancies
were complicated by the occurrence of at least one
MACE, of which nearly 80% required hospital
admission. Heart failure is the most common
complication during pregnancy and can have devas-
tating consequences.'®'” Again, both women with
VHD and CMP were at high risk, consistent with the
current literature and risk prediction models.”-81°:12
In our univariable analysis, several factors were
associated with an increased risk of MACE. The pre-
pregnancy signs of heart failure, atrial fibrillation,
and NYHA functional class >II remained significantly
associated in the multivariable analysis.
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The patients who were in NYHA functional class III
and IV prior to pregnancy the greater majority
developed a MACE (79% for NYHA functional class III
and 83% for NYHA functional class IV). Still,
15 percent of patients who were in NYHA functional
class I prior to pregnancy developed one or more
MACE during pregnancy. Clinical signs of heart fail-
ure prior to pregnancy and NYHA functional class of
above II are of course somewhat inherent to impaired
LVF in general. However, focusing only on the group
with impaired LVF illustrates that even within this
group, these parameters are still important and
clinically relevant with regard to pregnancy outcome.
This is important for assessing the pregnancy risk
during preconception counseling of the individual
patient with impaired LVF and further supports the
premise that patients presenting for preconception
counseling with an NYHA functional class of II or IV
and clinical signs of heart failure and/or atrial fibril-
lation should be discouraged from becoming preg-
nant. Alternatively, if they are to accept the
increased risk, then they should be closely monitored
in a specialized center.

MEDICATION DURING PREGNANCY. In our cohort,
many patients were using cardiac medication and
anticoagulation before and during pregnancy. While
patients with impaired LVF compose a group in
which cardiac medications are regularly prescribed,
pregnancy poses pharmacotherapeutical dilemma.”
In our cohort, beta-blockers and antiplatelet therapy
were used more frequently during than before preg-
nancy, possibly for prophylaxis, worsening symp-
toms, or the detection of signs of heart failure on
physical examination. The rate of ACE inhibitor use
during pregnancy (3%) is remarkable but comparable
to previous studies, which state that 32% of women
with heart disease use medications at some time
during pregnancy and that ACE inhibitors were used
in 2.8% of pregnancies.'* As the fetotoxic effects of
ACE inhibitors are well known,' the rate of ACE
inhibitor use in our study could reflect the severity
of disease in these women and the difficult balance
between maternal health and fetal risks. Ideally,
optimization with medication, (surgical)
terventions, or cardiac rehabilitation should be un-
dertaken prior to conception to optimize maternal
health and minimize the need for potentially ter-
atogenetic drugs.

in-

FETAL AND OBSTETRIC OUTCOMES. Interestingly,
we found no evidence of an increased risk of
(pre-)eclampsia or pregnancy-induced hypertension
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when compared to the normal population. At first
sight, this seems to contradict previous data, where
pre-eclampsia was associated with heart failure dur-
ing pregnancy.'” However, pre-eclampsia increases
the risk of pulmonary edema and is associated with
peripartum CMP in its own right, suggesting that the
link with heart failure may be secondary to the
occurrence of pre-eclampsia, rather than women with
heart failure being at greater risk of pre-eclampsia.
Consistent with this possibility, pregnancy-
associated hypertensive disorders are more often
related to heart failure with preserved LVEF.'®

CS rates were high in our cohort, perhaps related
to the pregnancy guidelines which state that the
presence of heart failure is an indication for CS.
Equally, this situation would usually be classified as
an emergency, that is unplanned, CS and only 6% of
patients required an emergency CS for cardiac rea-
sons. Similarly, the high rates of preterm delivery
(27%) could be explained, at least in part, by planned
preterm delivery in women with significant exacer-
bation of heart failure, but again this should have
been classified as an emergency CS or induction for
cardiac indications. Alternatively, the decision to
delivery early may have been made to shorten the
maternal exposure to the impact of pregnancy. The
increased rates of low birth weight (26%) could be
related to the high rates of preterm delivery, but the
frequent use of beta-blockers during pregnancy may
also have played a role.'* Interestingly, no associa-
tions with adverse obstetric and fetal outcome were
identified in our study.

STUDY LIMITATIONS. This study, as are other regis-
tries, has limitations due to the availability of infor-
mation on the past history. While our cohort is the
largest to date, data on systemic ventricular function
were missing in 27% of all 5,739 included pregnan-
cies. Data on 6 months follow-up were not available
in 27% of the impaired LVF patients.

The prospective character of this study should in
theory prevent selection bias. However, the centers
participated on a voluntary basis and they selected
which patients to include and therefore selection bias
should always be kept in mind when interpreting the
results. Another limitation is that we did not correct
for between-center heterogeneity caused by the large
number of included centers. Furthermore, we did not
account for potential center-level random effects,
which could impact the generalizability of the find-
ings. This study includes global data and, therefore,
reflects global patient characteristics, enhancing the
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generalizability of the findings. Moreover, ROPAC
includes pregnancies and not patients. Multiple
pregnancies from one woman could have been
included. This could induce bias as a woman who
becomes pregnant more than once will usually have
less severe disease.

It is a clear limitation that the definition of LVEF
on echo was not predefined but left to the clinical
practice of the treating physician. Also, by selecting
patients with LVEF <40%, we sought to identify the
group of patients with impaired LVF. Specific,
detailed echocardiographic (or advanced imaging)
data on LVEF and LVF, however, were not available
in many patients (79%). Besides, the definition of
heart failure had changed during the extend of this
registry. Therefore, although this creates heteroge-
neity, we decided the diagnosis should be deter-
mined by the treating physician.

Furthermore, it is important to note that the
multivariable analyses in this study were exploratory
in nature. Therefore, the results should be inter-
preted as associations rather than causal relation-
ships. Despite these limitations, this registry
included a large number of patients with impaired
LVF, providing clinically important information on
the pregnancy outcomes in this group.

CONCLUSIONS

Women with impaired LVF are at increased risk of
maternal mortality and maternal and fetal morbidity,
particularly heart failure, tachyarrhythmias, and
premature delivery with low birth weight. Thirty-two
percent of patients suffered from one or more cardiac
events during pregnancy or in the first 6 months
postpartum. Prepregnancy signs of heart failure,
atrial fibrillation, and NYHA functional class > Il were
associated with a poor cardiac outcome. Women with
impaired LVF should undergo preconception coun-
seling, and the potential consequences of pregnancy
should be discussed with them. Our results empha-
size the need for prepregnancy treatment optimiza-
tion and intensive monitoring not only during
pregnancy but also after delivery.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: This prospective
registry-based study highlights the high maternal and fetal risks
associated with pregnancy in women with impaired LVF

(LVEF <40%), including a 32% cardiac event rate and 2.4%
mortality. Women with prepregnancy heart failure symptoms,
atrial fibrillation, or NYHA functional class > Il are at especially
high risk and should receive thorough preconception counseling
and close multidisciplinary monitoring. Findings support
considering women with LVEF <40% as mWHO class IV.

TRANSLATIONAL OUTLOOK: Translational challenges
include incomplete echocardiographic data, lack of fetal risk
associations, and variable medication use. Further research
should focus on refining risk stratification, optimizing care
strategies, and improving outcomes in resource-limited settings.

Netherlands. E-mail: j.roos@erasmusmc.nl.
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