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Introduction For women with cardiac disease, hard data are very limited and the
Pregnancy is a major burden on the maternal cardiovascular system.
Hormonal changes cause a drop in systemic vascular resistance and a
compensatory volume expansion, leading to a 30–50% increase in car-
diac output [1]. Cardiac output peaks at the end of the second trimester
and remains on a plateau thereafter, until delivery. During labour, pain,
stress and the uterine contractions increase cardiac output by another
25%. These changes, with the abrupt cessation of the increased
utero-placental blood flow at delivery with the return of 500–700mls
into the systemic circulation, make the postpartum period high risk for
the development of heart failure [2,3]. Additionally, the risk of ar-
rhythmias, thrombosis and aortic dissection is increased during and
shortly after pregnancy [3]. The impact of pregnancy on the cardiovas-
cular system may explain why cardiac disease is the leading cause of
maternal mortality in high income countries and why women with
pre-existing cardiac disease, including congenital heart disease (CHD),
are at particular risk [4,5].
☆ All authors take responsibility for all aspects of the reliability and freedom fr
* Corresponding author. Erasmus University Medical Center Department of Cardio
E-mail address: j.roos@erasmusmc.nl (J.W. Roos-Hesselink).

https://doi.org/10.1016/j.ijcchd.2021.100107
Received 16 February 2021; Accepted 21 February 2021
2666-6685/© 2021 The Authors. Published by Elsevier B.V. This is an open access a
clinical management of pregnancy often remains based on expert opinion
derived from clinical experience. The inherent difficulty in performing
randomized controlled trials in pregnant women further compounds the
situation. However, advances in medical and surgical treatment have
increased the number of adult CHD patients, and consequently the
number of pregnant CHD patients [6]. CHD is now the most common
form of heart disease seen in pregnancy [7]. Advances in care mean that
even women with complex CHD, such as a Fontan circulation, are now
becoming pregnant and the need for data upon which to base clinical
management is becoming urgent.

In an attempt to define optimal care for women with heart disease the
ESC EORP Registry Of Pregnancy And Cardiac disease (ROPAC), which is
a prospective, observational worldwide registry, was initiated in 2007.
Patients with structural heart disease, congenital heart disease (CHD),
valvular heart disease (VHD), cardiomyopathy (CMP), ischemic heart
disease (IHD), aortic pathology (AOP) and pulmonary hypertension (PH)
were included.
om bias of the data presented and their discussed interpretation.
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Table 1
Baseline characteristics.

All ROPAC
n¼ 5739

CHD
n¼ 3295

Non-CHD
n¼ 2444

p-
value*

Age, years (sd) 29.5 (5.6) 29 (5.4) 30.2 (5.9) <0.001
BMI, kg/m2 (Q1-
Q3)

24 (21–28) 23 (21–27) 25 (22–29) <0.001

Nulliparity 2573 (45) 1704 (51.9) 869 (35.7) <0.001
Multiple pregnancy 96 (1.7) 46 (1.4) 50 (2) 0.058
LMIC 2281 (39.7) 936 (28.4) 1345 (55) <0.001
Current smoker 228 (4.6) 132 (4.8) 96 (4.4) 0.478
Chronic
hypertension

380 (6.7) 183 (5.6) 197 (8.2) <0.001

Diabetes mellitus 90 (1.6) 42 (1.3) 48 (2) 0.042
Atrial fibrillation 106 (1.8) 16 (0.5) 90 (3.7) <0.001
Signs of heart
failure

596 (10.5) 213 (6.5) 383 (15.9) <0.001

Estimated LVEF
<40%

253 (4.4) 64 (1.9) 189 (7.7) <0.001

Cyanosis 63 (1.1) 54 (1.6) 9 (0.4) <0.001
Pulmonary
hypertension

575 (10) 177 (5.4) 398 (16.3) <0.001

NYHA class> II 204 (3.6) 61 (1.9) 143 (5.9) <0.001
Cardiac medication
use

2069 (36.1) 831 (25.2) 1238 (50.7) <0.001

Prior cardiac
intervention

3160 (55.3) 2261 (68.9) 899 (36.9) <0.001

mWHO I 1185 (20.6) 1055 (32) 130 (5.3) <0.001
mWHO II 828 (14.4) 828 (25.1) 0 (0) <0.001
mWHO II-III 2698 (47) 944 (28.6) 1754 (71.8) <0.001
mWHO III 593 (10.3) 334 (10.1) 259 (10.6) 0.571
mWHO IV 407 (7.1) 134 (4.1) 273 (11.2) <0.001

Data in n (%) unless otherwise specified. *P-value calculated between the CHD
and non-CHD pregnancies. Bold script denotes p < 0.05. BMI, Body Mass Index;
CHD, congenital heart disease; LMIC, low/middle-income country; LVEF, left
ventricular ejection fraction; mWHO, modified World Health Organization
classification for maternal cardiovascular risk; NYHA, New York Heart Associa-
tion functional classification; ROPAC, Registry of Pregnancy and Cardiac disease.
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Between 2007 and 2018, 5739 pregnancies from 138 centres in 53
countries were included in the ROPAC, and in 2019 the main results were
published for the entire cohort [7]. There have been earlier ROPAC
publications for specific CHD diagnoses, including aortic coarctation,
transposition of the great arteries (TGA), tetralogy of Fallot, aortic ste-
nosis and uncorrected CHD [8–12]. However, a detailed overview of the
ROPAC data on characteristics and pregnancy outcomes for women with
CHD has not been published previously and is the focus of this
manuscript.

Methods

A detailed description of the ROPAC study protocol and design has
been published previously [13]. Pregnancies in women with CHD, VHD,
CMP, IHD, AOP or PH were prospectively included between 2007 and
2018. The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki and ethical approval or Institutional Review
Board approval as well as patients’ informed consent was obtained if
necessary according to local requirements. Baseline characteristics
before pregnancy included age, parity, primary cardiac diagnosis and
concomitant cardiac disease, prior interventions, cardiovascular risk
factors, New York Heart Association (NYHA) functional classification,
cardiac medication and if available, echocardiographic parameters.
Maternal cardiovascular risk was classified according to the modified
World Health Organization (mWHO) classification scale [14].The Inter-
national Monetary Fund classification was used to define a participating
country as low or middle-income (LMIC). Stillbirth was defined as fetal
mortality >20 weeks of gestation, a low Apgar score as <7 at 5min and
small for gestational age (SGA) as birth weight less than the 10th
percentile.

Statistical analysis

Baseline characteristics and outcomes were compared between CHD
and non-CHD (VHD, CMP, IHD, AOP and PH) ROPAC pregnancies.
Cardiac, obstetric and fetal outcomes were examined for the total CHD
cohort, as well as per mWHO category. A composite endpoint of maternal
mortality and heart failure was further examined for specific CHD di-
agnoses. Categorical data are presented as percentages and were
compared using χ2 tests. Continuous data are presented as mean (stan-
dard deviation) when normally distributed or as median (Q1-Q3) when
not and compared using independent samples t-tests or Mann-Whitney
tests. Logistic regression analysis was used to identify associations with
the composite endpoint, presented as odds ratio with 95% confidence
intervals (CI) and p-value. The following parameters that were significant
at the p< 0.1 level in the univariable analysis, as well as parameters
known to influence the composite endpoint, were added to the multi-
variable analysis: signs of heart failure, NYHA class> II, pulmonary hy-
pertension, cyanosis, atrial fibrillation, LMIC, estimated LVEF <40%,
multiple gestation, cardiac medication use, mWHO> II, age, prior car-
diac intervention, BMI, current smoking and chronic hypertension. A
two-sided p-value <0.05 was considered significant for all analyses. All
analyses were performed using IBM SPSS Statistics version 25.0 (IBM
Corp).

Results

Of 5739 pregnancies included in the ROPAC, 3295 (57.4%) were in
women with CHD (mean age 29 years). Baseline characteristics are
presented in Table 1. Compared to the 2444 non-CHD women in the
ROPAC, the women with CHD were younger, more often nulliparous and
living in a high-income country (all p< 0.001, Table 1). The CHD group
had less pre-pregnancy hypertension, atrial fibrillation, signs of heart
failure, reduced LVEF and cardiac medication use than the non-CHD
group (all p< 0.001), but more prior cardiac interventions (68.9% vs
36.9%, p< 0.001). Correspondingly, the CHD pregnancies were in lower
2

mWHO risk categories. ASD (n¼ 495) was the most frequent main
diagnosis, followed by VSD (n¼ 463) and tetralogy of Fallot (n¼ 426,
Fig. 1 and supplementary table S1).

Fig. 2 describes the pregnancy outcomes of women with CHD.
Maternal mortality occurred in 0.3% and heart failure in 6.6%, the latter
was the most common cardiac complication. The composite endpoint of
mortality and/or heart failure was 6.7%. Other complications included
ventricular tachyarrhythmia in 1.2%, thrombo-embolic events in 1.2%,
atrial fibrillation or flutter in 1.1% and endocarditis in 0.6%. There was
one pregnancy (0.03%) complicated by aortic dissection, in a woman
with congenital mitral valve regurgitation and Marfan syndrome. Hy-
pertensive disorders of pregnancy occurred in 4.1% and 46.3% were
delivered by Caesarean section, of which the majority (30.2%) were
planned: 9.6% for cardiac reasons and 20.6% for obstetric reasons. In
terms of fetal outcomes, stillbirth occurred in 0.5%, preterm delivery in
16%, SGA in 10.3% and a low Apgar score in 5.9%. Fetal congenital heart
disease occurred in 3.5% and non-cardiac congenital disease in an
additional 2.2%. The most important complications stratified by mWHO
category are displayed in Fig. 3.

The composite endpoint of maternal mortality and/or heart failure
occurred most commonly in women with Eisenmenger syndrome
(58.1%), followed by women with a congenitally corrected transposition
of the great arteries (ccTGA, 12.8%), Fontan circulation (11.2%) and
double outlet right ventricle (11.1%, Fig. 4). For all the other CHD di-
agnoses, the composite endpoint occurred in less than 10% of
pregnancies.

The results from the univariable andmultivariable regression analysis
for the composite endpoint of maternal mortality and/or heart failure are
displayed in supplementary table S2 and Fig. 5. Pre-pregnancy signs of
heart failure (OR 10.7, 95% CI 7.1–16), multiple gestation (4.6, 2–10.8),
pulmonary hypertension (2.5, 1.5–4), estimated LVEF <40% (2.4,



Fig. 1. Main diagnosis of congenital heart disease in pregnancies included in the Registry of Pregnancy and Cardiac disease. CHD, congenital heart disease; TGA,
transposition of the great arteries.
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1.1–5.1), cardiac medication use (2, 1.4–2.7) and low- or middle-income
country (1.6, 1.1–2.4) were independently associated with the composite
endpoint.

Discussion

The prospective observational ROPAC data on 3295 pregnancies in
women with congenital heart disease show reassuring results in terms of
a low rate of maternal mortality (0.3%). The most common maternal
complication was heart failure (6.6%), which occurred in particular in
women with Eisenmenger syndrome or other forms of complex congen-
ital heart disease. Other cardiac complications were rare. The most
important obstetric and fetal complications were a high rate of delivery
by Caesarean section (46%) and preterm birth (16%).

The favourable outcome may be partly explained by the baseline
characteristics of the CHD cohort. Compared to non-CHD ROPAC preg-
nancies, the CHD group had lower comorbidities such as hypertension
(8.2 vs. 5.6%) and decreased LVEF (7.7 vs. 1.9%). Although prior cardiac
interventions were more common (68.9 vs. 36.9%) use of cardiac
medication was less frequent (50.5 vs. 25.2%), suggesting that these
women generally had well-corrected CHD, with good residual cardiac
function; indeed, the majority were in mWHO I or II risk class (57.1%)
and lived in high income countries (71.6%).

Nevertheless, the composite endpoint ofmortality and/or heart failure
was observed in 6.7% of CHD pregnancies. Women with Eisenmenger's
syndrome stand out dramatically in terms of adverse outcomes, with 9.7%
mortality and 48.4% heart failure. Indeed the presence of pulmonary
hypertension puts the mother into mWHO risk class IV and as such preg-
nancy is contra-indicated in this group, owing to the potentially fatal risk
of pulmonary hypertensive crisis, thrombosis or right-sided heart failure
[14,15]. After Eisenmenger's syndrome, the composite endpoint wasmost
frequently observed in ccTGA and Fontan circulation. In ccTGA, the sys-
temic right ventricle and tricuspid valvemay be insufficiently equipped to
handle the increase in volume load and cardiac output during pregnancy
[16]. The same inability to adapt andmeet the haemodynamic demands of
pregnancy, but in the context of left-sided instead of right-sided heart
failure, causes complications in the univentricular Fontan circulation, as
well as its susceptibility to arrhythmia and thrombosis [17].
3

Caesarean section was performed in around half of the cohort, the
majority were planned. In this series the most common reason for CS was
obstetric, but nearly 10% of the total CHD cohort had a planned CS on
cardiac indication. In general planned Caesarean sections in women with
heart disease do not improve maternal outcome but are associated with
worse fetal outcome [18]. Additionally, a Caesarean section increases the
obstetric risks in a subsequent pregnancy. Therefore it is advisable to
follow the current guidelines on mode of delivery in women with CHD,
which on recommend vaginal delivery in most cases [14]. Exceptions are
acute heart failure, severe aortic stenosis, critical aortic dilatation,
Eisenmenger's syndrome, spontaneous labour under oral anticoagulant
use or obstetric indications for Caesarean section [14]. For fetal outcome,
preterm delivery was higher than the global average (16% vs 10.6%), but
SGA was not higher (10.3 vs 14.6%) [19,20]. The recurrence rate of CHD
was 3.3%, but it is known this can vary with the diagnosis and also may
be incomplete because the ROPAC follow-up was only 6 months [21].

The mWHO classification seems to adequately predict adverse out-
comes, with higher complication rates in higher mWHO classes and in
women with a poor cardiac condition before pregnancy [22]. These ob-
servations are in line with the predictors identified in the earlier CARdiac
disease in PREGnancy (CARPREG) and Zwangerschap bij Aangeboren
HARtAfwijking (ZAHARA) studies on pregnancy outcomes in women
with congenital heart disease [23,24]. The strong association between
pre-pregnancy cardiac function and an adverse pregnancy outcome em-
phasises the importance of pre-pregnancy assessment and counselling to
identify women at high risk of complications. In the case of CHD, the
diagnosis is known in most patients and almost all are under the care of a
cardiologist. This means that timely counselling on pregnancy and
contraception, preferably before the transition from paediatric to adult
cardiology services, may help to reduce the rate of unplanned pregnancy
and allow women to make a fully informed decision [25].

The CARPREG study is based on Canadian and the ZAHARA study on
Dutch and Belgian patient cohorts, whereas the ROPAC is an interna-
tional registry with patients recruited from 53 countries. We found
increased risks for women living in a low- or middle income country,
independent of pre-pregnancy cardiac morbidity or the presence of un-
corrected CHD, which are both probably higher in LMIC [8]. The
increased risk could therefore be related to health care accessibility



Fig. 2. Pregnancy outcomes of women with congenital heart disease. AF/Afl, Atrial fibrillation and/or flutter. C(H)D, congenital (heart) disease; (e)CS, (emergency)
caesarean section; mWHO, modified World Health Organization classification; PE/HELLP, (pre-)eclampsia or Haemolysis, Elevated Liver enzymes and Low Platelet
syndrome; PIH, pregnancy-induced hypertension; PPH, postpartum haemorrhage; SGA, small for gestational age; VT/VF, ventricular tachyarrhythmia.
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Fig. 3. Pregnancy outcomes of women with congenital heart disease by mWHO classification. Statistically significant differences between mWHO class were found for
all outcomes except mortality and endocarditis. AF/Afl, Atrial fibrillation and/or flutter; (e)CS, (emergency) caesarean section; mWHO, modified World Health
Organization classification; SGA, small for gestational age; VT/VF, ventricular tachyarrhythmia.
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Fig. 4. Mortality and heart failure by main congenital heart disease diagnosis. CHD, congenital heart disease; TGA, transposition of the great arteries.

Fig. 5. Multivariable regression analysis for associations with the composite endpoint of maternal mortality and heart failure. *p < 0.05. BMI, Body Mass Index; LMIC,
low/middle-income country; LVEF, left ventricular ejection fraction; mWHO, modified World Health Organization classification for maternal cardiovascular risk;
NYHA, New York Heart Association functional classification.
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before and during pregnancy, but more research on this subject is clearly
needed. Further, the dissemination and implementation of up-to-date
guidelines to all health care providers combined with patient education
and pre-pregnancy counselling may help to improve pregnancy outcomes
in LMIC. Telephone or (if available) digital consultations with a
specialized pregnancy heart team at a tertiary referral centre could also
make expert cardiac advice more accessible to secondary or rural health
care centres.

We also identified multiple gestation as a risk factor for mortality and
heart failure, which was not found in the ZAHARA study and not assessed
in theCARPREG II study [23,24]. Thehaemodynamic changes inmaternal
physiology are more exaggerated during twin pregnancy, potentially
6

explaining the higher risk of heart failure, with plasma volume (67%
versus 48%) and cardiac output (70% vs. 30–50%) increasing to a greater
extent in twin compared to singleton pregnancies [1,26,27]. We recom-
mend increasing the frequency of follow-up visits during twin pregnancy
and that this factor should be included when the mWHO classification is
used to calculate the minimum number of antenatal visits [14].
Study limitations

The strength of this study is its inclusionofmost knownCHD lesions and
that the ROPAC has collected relatively large numbers of even rare and
complexdiseases through international cooperation. The inclusion ofmany
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different CHD lesions however means that data on disease-specific param-
eters is limited in this study. The outcomes reported may not be general-
isable for all women with the same diagnosis, because cardiac function,
comorbidities and previous cardiac and obstetric events are not considered
in this study, while they can all contribute to the actual risk of pregnancy.
Counselling andmanagement should therefore always be individualized in
a multidisciplinary context. It was unknown if the non-cardiac congenital
disease in babies occurred independently or as part of a syndrome.

Conclusion

Although CHD is the most common type of cardiac disease seen
during pregnancy, maternal outcome is relatively good. More complex
CHD is at higher risk and women with Eisenmenger's syndrome are by far
at highest risk for adverse outcomes. However, many women with other
forms of CHD can be safely pregnant and should be reassured. Obstetric
and fetal complications may be partly preventable, especially by reducing
unnecessary planned Caesarean sections. The recurrence rate of
congenital heart disease in the offspring is at least 3%. The pre-pregnancy
cardiac state is strongly related to adverse pregnancy outcomes, which
emphasises the importance of pre-pregnancy counselling. Follow-up
during and after pregnancy should be individualized to the woman's
needs and the complexity of her CHD, ideally performed by a multidis-
ciplinary pregnancy heart team. If the required expertise is unavailable
locally, telephone or digital consultations with a specialist tertiary centre
may provide a solution.
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