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Abstract

Introduction: Survival and healthcare for patients with congenital heart disease have
improved, and the number of pregnancies among women of childbearing age with
congenital heart disease has increased. Our aim was to investigate obstetric outcomes
in a large retrospective, national registry study of women with congenital heart dis-
ease compared to controls.

Material and Methods: The study included women over 18years of age from the
Swedish Registry of Congenital Heart Disease. Each case was matched with 10 con-
trols from Statistics Sweden, based on the mother's birth year and birth county and
all were subsequently linked to the Swedish Medical Birth Register. We included
7998 pregnancies in women with congenital heart disease and 84799 in controls
during 1973-2020.

Results: The mean age at delivery for women with congenital heart disease and con-
trols was 28.7 (+5.0) and 28.7 (+5.1) years, respectively. Women with congenital
heart disease smoked less, had a shorter gestation and a higher incidence of deliv-
ery by Cesarean section compared to controls. The likelihood of Cesarean section
was increased in women with congenital heart disease compared to controls: odds
ratio 1.45 (95% confidence interval (Cl) 1.37-1.54). Compared to controls, women
with congenital heart disease had an increased likelihood of giving birth to small-for-
gestational-age neonates: odds ratio 1.40 (95% CI 1.23-1.58). The association re-
garding small-for-gestational-age remained after adjusting for body mass index, age,
smoking, comorbid diseases and preeclampsia. Women with congenital heart disease
had an increased likelihood of prematurity compared to controls: odds ratio 1.47 (95%

Cl 1.35-1.59). The likelihood of Cesarean section, small-for-gestational-age neonates

Abbreviations: BMI, body mass index; CHD, congenital heart disease; Cl, confidence interval; CS, cesarean section; ESC, European Society of Cardiology; IUFD, intra uterine fetal death;
mWHO, modified World Health Organization; OR, odds ratio; SD, standard deviation; SGA, small for gestational age; SWEDCON, The Swedish Registry of Congenital Heart Disease.
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1 | INTRODUCTION

Approximately 97% of neonates born with congenital heart disease
(CHD) survive to adulthood.! As a result, an increasing number of
women with CHD are becoming pregnant.Z'4 Pregnancy is associ-
ated with hemodynamic changes, including increased heart rate and
plasma volume.’ In women with CHD, cardiac complications such as
heart failure and arrhythmias are more prevalent during pregnancy,
and women with more complex CHD may have an even higher risk
of cardiac complications.é'9 In addition, women with CHD have an
increased risk of obstetric and neonatal complications, such as in-
trauterine fetal death (IUFD) or delivering a neonate with low birth
weight who may be small for gestational age (SGA).”'°"12 Moreover,
women with CHD are more prone to having a preterm delivery and
delivering by cesarean section (CS).”%% In Europe, as a group, ma-
ternal mortality does not seem to be increased in women with CHD
compared to controls.” Women who experience complications such
as gestational hypertension, prematurity, preeclampsia, eclampsia,
intrauterine fetal demise, or SGA may have an increased risk of car-
diovascular events later on in life. This also applies to women with
structural heart disease.'®

In previous single-centre studies, the incidence of SGA and neo-
natal growth restriction seems to be increased.***> However, only a
few large national studies have investigated neonatal and obstetric
complications in women with CHD compared to a control popula-
tion. Our aim was to investigate obstetric outcomes in a large na-
tional cohort of women with CHD over four decades compared to
controls.

2 | MATERIAL AND METHODS

This is a retrospective national registry case-control study in women
with CHD registered in the Swedish Registry of Congenital Heart
Disease (SWEDCON) and matched controls from Statistics Sweden
connected with data from the Swedish Medical Birth Register.
SWEDCON includes the majority of women with CHD in
Sweden. Initially, procedures were registered retrospectively.

and prematurity was higher in women with severe congenital heart disease than mild/
moderate congenital heart disease, both compared to controls.

Conclusions: In this large national case-control study in women with congenital heart
disease, we showed an increased likelihood of giving birth prematurely by Cesarean
section, and having a small-for-gestational-age neonate compared to matched con-
trols. The likelihood seems even higher in women with severe congenital heart dis-
ease. Further research is needed to explore the underlying reasons for the high rates

of Cesarean section in women with congenital heart disease.

cesarean section, congenital heart disease, obstetric complications, small for gestational age

Key message

In a large national case-control study, women with con-
genital heart disease had an increased likelihood of a small-
for-gestational-age neonate, prematurity and cesarean
section. The likelihood seemed to increase with the in-

creased severity of heart disease.

However, starting in the 1990s, procedures and clinical visits have
been registered prospectively. The validity of the diagnoses and
procedures in SWEDCON has been assessed to be between 71%
and 100%.¢ The Swedish Medical Birth Register started in 1973
and covers approximately 98% of all births in Sweden.'” Data from
antenatal, obstetric and neonatal medical records are collected in
a prospective manner.

We studied women aged >18years registered in SWEDCON
from 1998 to 2020 (n=19392) and controls from Statistics
Sweden (n=191875) (Figure 1). To ensure inclusion of only indi-
viduals with confirmed structural CHD, we excluded patients with
genetic syndromes, patent foramen ovale (PFO) with or without
closure, arrhythmias, cardiomyopathies, acquired cardiac condi-
tions, symptoms without diagnosis (e.g. chest pain or syncope),
isolated hereditary predisposition to heart disease, and those with
the diagnosis code of ‘normal heart’ (European Pediatric Cardiac
Code 01.01.00). Matching was performed based on individual pa-
tients with CHD and not on pregnancies. From Statistics Sweden,
10 controls per case were selected and matched for the mother's
birth year, sex (woman) and birth county in Sweden (regional ad-
ministrative area ‘1an’). If the woman was born in a country other
than Sweden, the matching criteria were based on a grouped birth
country instead. The total study cohort included 10761 women
with CHD and 106308 controls (Figure 1). We classified women
with CHD into mild/moderate and severe CHD according to the
ESC guidelines using the NOMESCO Classification of Surgical
Procedures and the European Pediatric Cardiac Codes (EPCC)
registered in SWEDCON (Supplemental Information Table S1).18
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FIGURE 1 Register-based data curation for pregnancies in women with congenital heart disease and controls. Data from three different
registers have been used for this study: Statistics Sweden, the Swedish Medical Birth Register and SWEDCON. Other patients* consisted
of patients with European Pediatric Cardiac Codes (EPCC) 01.01.00 ‘normal heart’, acquired cardiac conditions or patients with symptoms
without diagnosis, such as syncope or chest pain. CHD, congenital heart disease; PFO, patent foramen ovale; SWEDCON, The Swedish

Registry of Congenital Heart Disease.

The World Health Organization (WHO) classification used to risk-
stratify maternal cardiovascular risk presumes detailed clinical
information such as echocardiographic or imaging data as well as
information regarding symptoms. As demonstrated previously by
Bay et al.,¥?
mented healthcare appointments in SWEDCON. Therefore, the

mWHO classification could not be applied in this study.20 Our aim

only 25% of pregnant women with CHD had docu-

was to investigate obstetric outcomes in a large national cohort of
women with CHD compared to controls.

Gestation was based upon ultrasound measurements and esti-
mations, or otherwise (if missing an ultrasound estimation), the last
menstruation. SGA was defined as birth weight under or equiva-
lent to -2 SD of the mean birth weight for gestational age and sex.
SGA was measured in singleton and not in multiple pregnancies.
Intrauterine fetal death (IUFD) occurred prelabour, while stillbirth
occurred during delivery. By definition, IUFD and stillbirth occur in
fetuses 222 + 0 gestational weeks in Sweden. Before 2008, the defi-
nition of IUFD and stillbirth was 228 + 0 gestational weeks. Term
delivery was defined as 237 + 0 gestational weeks. Preterm delivery
was subcategorized as 22+0-27+ 6 weeks, 28+0-31+ 6weeks,
and 32+0-36+6weeks.?! Maternal weight and height, smoking
status and comorbid diagnoses were collected from the Swedish
Medical Birth Register and were self-reported. One woman may
have several pregnancies in the study. Preeclampsia, including ec-
lampsia, was identified using International Classification of Diseases
codes from the Swedish Medical Birth Register (Supplemental
Information Table S2).

As a result of the cohort size, data were assumed to be distrib-
uted normally and are presented as mean and standard deviation
(SD). Continuous variables were analyzed with the one-way ANOVA
and Student's t-test, while categorical variables were analyzed with
the Chi? test and Fisher's exact test (less than five observations).
Statistical analyses regarding the likelihood of CS, prematurity and
delivery of an SGA neonate were performed first on CHD pregnan-
cies compared to controls, and then by comparing mild/moderate
CHD with controls, and severe CHD with controls. We assessed
the likelihood of CS, prematurity, and delivery of an SGA neonate in
women with CHD compared to controls with univariate and multi-
variate logistic regression analysis and estimated the odds ratio (OR)
with 95% confidence intervals (Cl). In our univariate and multivariate
regression analyses, we used categorized variables describing body
mass index (BMI) (<18.5, > 18.5 but <25, 225 but <30 and > 30), par-
ity (parity O, 1 and>2) and time periods; from 1973 and onwards,
each period of 5years marks a new time period, from 1 to 10.
Comorbid diseases were defined as chronic kidney disease, diabe-
tes, hypertension, systemic lupus erythematosus and inflammatory
bowel disease.

Regarding CS, we assessed the likelihood with univariate and
multivariate regression analysis in all CHD women and controls, ad-
justing for age at delivery, parity, BMI, and time period. Regarding
SGA neonates, we performed multivariate regression analysis on the
mother adjusting for age, BMI, smoking, preeclampsia, comorbidities
and parity. Regarding prematurity, we adjusted for age, BMI, comor-
bid diseases, preeclampsia and parity in our multivariate regression
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analysis. Then we performed a sensitivity analysis investigating a
multivariate logistic regression for nulliparous women, excluding
the effect of previous adverse events with prematurity, SGA or CS.
Residuals were analyzed to represent the differences between the
observed outcomes and the predicted probabilities of those out-
comes, based on the model to provide a measure of how well the
model fitted the data.

To analyze the proportion of CS, SGA and prematurity over
time, we used trend analysis for proportions in STATA in women
with CHD, respectively, in controls. To illustrate the likelihood of
CS, SGA and prematurity over the study period, we performed
marginal predicted probabilities plots while accounting for
interaction effects.

A p-value <0.05 was considered significant. Statistical calcula-

tions were performed with STATA version 18.

3 | RESULTS

The total study cohort included 7998 pregnancies in women with
CHD, ‘cases’. According to the ESC classification, pregnancies in
women with CHD were classified into mild/moderate (n=7589,
94.9%) and severe (n=409, 5.1%) (Table 1). The study cohort also
included 84799 pregnancies in controls, ‘controls’. Women with
CHD smoked less, had a shorter gestation and a higher incidence
of delivery by CS compared to controls. We did not find any differ-
ences regarding age, parity, IUFD and stillbirth in cases compared
to controls (Table 2). However, we found an increased incidence
of infants born SGA among women with CHD in comparison with
controls. Also, we found an increased prevalence of chronic kid-
ney disease and hypertension in women with CHD compared to
controls (Table 3). Regarding preeclampsia, we did not find any dif-
ferences in the incidence of preeclampsia (including eclampsia) in
all women with CHD compared to controls, nor did we find any
difference in the incidence of preeclampsia (including eclampsia) in
women with either mild/moderate CHD versus controls or severe
CHD versus controls.

While performing univariate and multivariate logistic regres-
sion analysis, we found an increased likelihood of CS in women
with CHD compared to controls (Table 4). In women with mild/
moderate CHD, the likelihood of CS was increased compared to
controls: OR 1.41 (95% Cl 1.33-1.49). In women with severe CHD,
the risk of CS was also increased compared to controls: OR 2.30
(95% Cl 1.86-2.86). When performing trend analysis for propor-
tions, a larger proportion of women with CHD underwent CS
over time, from 5.7% in 1973 to 18.9% in 2020, p-value <0.001.
Similarly, an increasing proportion of controls underwent CS
over time, from 5.1% in 1973 to 14.8% in 2020, p-value <0.001.
Figure 2A displays the probability of CS over time in women with
CHD and controls.

We found an increased likelihood of prematurity (either spon-
taneous or iatrogenic) in women with CHD compared to controls:
OR 1.47 (95% CI 1.35-1.5). Even after adjusting for age, BMI and

TABLE 1 Complexity and diagnoses of congenital heart disease.

Congenital heart disease

Number of
deliveries

Complexity subtype n=7998 (100%)
Severe CHD with pulmonary vascular 19 (0.2)
disease
Double-outlet ventricle 31(0.4)
Interrupted aortic arch 21(0.3)
Other complex abnormalities 59 (0.7)
Pulmonary atresia (all forms) 68 (0.9)
Transposition of the great 171 (2.1)
arteries (except arterial switch)
Truncus arteriosus 17 (0.2)
Univentricular heart (including 23(0.3)
Fontan circulation)
n=409 (5.1%)
Mild/ Anomalous coronary artery 52(0.7)
moderate Anomalous pulmonary venous 301 (3.8)
connection (partial or total)
Arterial switch 9(0.1)
Aortic stenosis—subvalvular or 182 (2.3)
supravalvular
Atrial septal defect, patent 2430 (30.4)
ductus arteriosus or sinus
venosus defect
Atrioventricular septal defect 283 (3.5)
(partial or complete) including
primum atrial septal defect
Coarctation of the aorta 705 (8.8)
Double chambered right 3(0.04)
ventricle
Ebstein anomaly 137 (1.7)
Isolated congenital aortic valve 740 (9.3)
disease and bicuspid aortic
disease
Isolated congenital mitral valve 279 (3.5)
disease
Parachute mitral valve, cleft 9(0.1)
leaflet
Peripheral pulmonary stenosis 57(0.7)
Pulmonary valve abnormalities 864 (10.8)
Sinus of Valsalva aneurysm/ 25(0.3)
fistula
Tetralogy of Fallot 298 (3.7)
Tricuspid valve abnormalities 45 (0.6)
Ventricular septal defect 1170 (14.6)

n=7589 (94.9%)

Note: Data are shown as numbers and percentages.
Abbreviation: n, number (%).

comorbid diseases (chronic kidney disease, diabetes, hypertension,
systemic lupus erythematosus and inflammatory bowel disease) and
preeclampsia, the association remained: OR 1.45 (95% Cl 1.34-1.58).
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TABLE 2 Clinical demographic characteristics and obstetric outcomes in pregnancies in women with congenital heart disease and controls.

AllCHD Controls
Clinical characteristics  n (%) =7998(8.6) n(%)=84799(91.4) p-value*
Age (years)

Mean + SD 28.7+5.0 28.7+5.1 ns
BMI (kg/m?)

Mean + SD 24.2+4.5 24.4+4.6 ns
Parity n (%) ns

Parity O 3722 (46.5) 39140 (46.2)

Parity 1 2863 (35.8) 30574 (36.1)

Parity 22 1413 (17.7) 15082 (17.8)

Singleton 7788 (97.4) 82532 (97.3) ns
Smoking n (%)
Yes 671 (8.4) 8490 (10.0) <0.001
No 6088 (76.1) 64329 (75.9)
Preeclampsia n (%) 192 (2.4) 1775 (2.1) ns
Delivery, n (%)
Vaginal 6394 (80.0) 72282 (85.3) <0.001
CS 1598 (20.0) 12468 (14.7)
Birth weight (gram)

Mean + SD 3387.4+625.7 3505.9+585.5 <0.001
Birth length (cm)

Mean + SD 49.8+2.7 50.3+2.6 <0.001
SGAn (%) 286 (3.6) 2195 (2.6) <0.001
IUFD, n (%) 31(0.4) 285(0.3) ns
Stillborn, n (%) 3(0.0) 23(0.0) ns
Gestation (days)

Mean + SD 275.8+15.8 278.0+13.6 <0.001
Gestation (weeks) n (%)

Preterm <w28 49 (0.6) 248 (0.3) <0.001

Preterm <w32 87(1.1) 585(0.7)

Preterm <w37 553 (6.9) 4288 (5.1)

Term 2w37 7253 (90.1) 79160 (93.4)

Mild/moderate CHD Severe CHD
n (%) =7589 (94.9) n (%) =409 (5.1) p-value**

Missing (CHD and/or
controls) n (%)

28.7+5.0 28.4+4.8 ns 0

24.2+4.5 24.0+4.6 ns 20506 (22.1)

3507 (46.2) 215 (52.6) 0.036 3(0.0)

2729 (36.0) 134 (32.8)

1353 (17.8) 60 (14.7)

7397 (97.5) 391 (95.6) 0.021 0

641 (8.4) 30(7.3) ns 13219 (14.2)

5785 (76.2) 303 (74.1)

180 (2.4) 12 (2.9) ns 0

6102 (80.5) 292 (71.6) <0.001 55(0.1)

1482 (19.5) 116 (28.4)

3405.3+611.9 3053.7+770.3  <0.001 203(0.2)

49.9+2.8 48.3+4.1 <0.001 1145 (1.2)

264 (3.5) 22 (5.4) 0.034 2753 (3.0)

28(0.4) 3(0.7) ns 0

3(0.0) 0 ns 0

276.3+15.1 266.8+234 <0.001 574 (0.6)
574 (0.6)

36 (0.5) 13(3.2) <0.001

72 (1.0) 15(3.7)

498 (6.6) 55 (13.5)

6928 (91.3) 325 (79.5)

Note: Data are shown as means and standard deviation or numbers and percentages. Smoking refers to whether the woman stated that she smoked
during the first appointment at the maternal health services. Definition of preeclampsia includes eclampsia. Term delivery was categorized as 237 +0
gestational weeks. Preterm delivery was subcategorized as 22 +0-27 + 6 weeks, 28 +0-31 + 6 weeks, and 32+0-36+ 6 weeks. Differences regarding
age, parity, BMI and pregnancy length are calculated with Student's t-test and one-way ANOVA. To estimate differences in smoking, SGA, delivery
mode and gestational age we used the Chi?-test. To investigate IUFD we used Fisher's exact test. Statistical analyzes were performed first on all CHD
pregnancies compared to controls (*), and then comparing mild/moderate CHD with severe CHD (**).

Abbreviations: BMI, body mass index. CHD, congenital heart disease; CS, Cesarean section; IUFD, intrauterine fetal death; n, number; ns, non-

significant; SGA, small for gestational age; w, completed gestational weeks.

In women with mild/moderate CHD, the likelihood of prematurity
was higher than in controls: OR 1.35 (95% Cl 1.24-1.47). The like-
lihood of prematurity was even higher in women with severe CHD
compared to controls: OR 3.96 (95% Cl 3.11-5.05). Trend analysis
indicated an increase in the proportion of women with CHD who
delivered prematurely over time, from 4.7% in 1973 to 8.8% in 2020
(p=0.03). We observed no increased proportion of controls deliv-
ering prematurely over time, with rates of 3.8% in 1973 and 5.2% in
2020 (p-value=0.68) (Figure 2B).

In women with CHD, the likelihood of having an SGA neonate
was increased, OR 1.40 (95% CI 1.23-1.58). Then we performed a

multivariate logistic regression analysis to assess the likelihood of
having a neonate with SGA in women with CHD versus controls,
adjusting for age, BMI, smoking, preeclampsia and comorbidities
(chronic kidney disease, diabetes, hypertension, systemic lupus
erythematosus and inflammatory bowel disease). We found an
increased likelihood of having an SGA neonate in women with
CHD, OR 1.39 (95% Cl 1.20-1.60). In mild/moderate CHD, the
OR was 1.36 (95% Cl 1.19-1.54) compared to controls. In severe
CHD, the OR was 2.19 (95% Cl 1.42-3.37) compared to controls.
When performing a trend analysis for proportions, we observed
that a lower proportion of women with CHD delivered neonates
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TABLE 3 Comorbid diagnoses in pregnancies in women with congenital heart disease and controls.

Mild/moderate CHD n (%)

WEDLUND ET AL.

=409 (5.1) p-value

Severe CHD n (%)

7589 (94.9)

p-value

=84799 (91.4)

Controls n (%)

CHD n (%) =7998 (8.6)

All

Diagnosis

ns

ns

4(1.0)

ns

3(0.7)

ns

ns

2(0.5)

<0.001

ns

<0.001

ns

ns

Chronic kidney disease

Diabetes

Hypertension

Systemic lupus erythematosus

Inflammatory bowel disease

Note: Diagnoses are presented as numbers and percentages. Fisher's exact test was used to calculate statistical differences.

Abbreviations: CHD, congenital heart disease; n, number; ns, non-significant.

who were SGA over time, decreasing from 5.7% in 1973 to 2.7%
in 2020 (p=0.017). Similarly, the proportion of controls deliver-
ing neonates with SGA significantly declined over the study pe-
riod, decreasing from 5.8% in 1973 to 1.7% in 2020 (p<0.001)
(Figure 2C).

A sensitivity analysis was performed using a multivariate logistic
regression restricted to nulliparous women, excluding the effects of
previous adverse outcomes such as preterm birth, SGA neonate, or
CS. The results remained largely unchanged, and the observed asso-

ciations are shown in Table 4.

4 | DISCUSSION

In this large national study, we demonstrated that women with
CHD, particularly those with more severe CHD, have an increased
likelihood of giving birth to an SGA neonate, and are more likely
to deliver prematurely and by CS than matched controls. The in-
cidence of SGA was 2.6% in the control population and 3.6% in
women with CHD.

The incidence of SGA in pregnancies in women with CHD
shows substantial variation, with reported rates ranging from 3.5%
to 30%.1%%2 However, the definition of SGA differs between stud-
jes 11141522 Chronic hypertension is a known risk factor for low birth
weight of the neonate.?® Hypertension is a known risk factor for pla-
cental insufficiency. Albeit poorly defined, placental insufficiency
may lead to adverse complications such as an SGA neonate and/or
preeclampsia.z‘"25 In our study, the association between CHD and
the risk of SGA persisted even after adjustment for hypertension.
Therefore, the increased risk of an SGA neonate observed among
women with CHD compared to controls does not appear to be caused
by hypertensive disorders in pregnancy. A low cardiac reserve may
lead to pathological placental vessel adaptations, which may lead to
late growth restriction in the neonate.?® Our study shows a decline
in the proportion of SGA neonates over time in both women with
CHD and controls. The exact cause of this remains unknown.

In our study, most women with CHD delivered at full term. Among
the preterm births, the majority were moderate to late preterm, while
only a small proportion were extremely to very preterm (Table 2).
Early preterm births were primarily observed in women with the
most complex CHD. The reported rate of preterm delivery among
women with CHD shows considerable variation, ranging from about
8% to 17% in the literature.'?'>2227-2% The variation likely reflects
differences not only between registries and national definitions, but
also in the populations studied, the time periods covered, and other
contributing factors.

Our findings are consistent with previous studies, which have
also shown that the preterm birth rate is higher in women with CHD
compared to women without CHD.***° The preterm birth rate varies
across different CHD subtypes, with the highest risk of prematurity
in the most complex cases.'?2 Moreover, we have shown previ-
ously that there is a higher risk of iatrogenic prematurity in women
with more complex CHD.'* Unfortunately, in the present study, it is
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TABLE 4 Cesarean section, small-for-gestational-age neonates
and prematurity in women with congenital heart disease compared
to controls.

Confidence
OR Interval (95%) p-value
Cesarean section
Unadjusted 145 1.37-1.54 <0.001
Adjusted for age, 1.47 1.38-1.55 <0.001
parity, BMI, and time
period
Sensitivity analysis 1.51 1.39-1.65 <0.001
adjusted for age, BMI
and time period
SGA
Unadjusted 1.40 1.23-1.58 <0.001
Adjusted for age, BMI, 1.40 1.21-1.61 <0.001
smoking, preeclampsia,
comorbidities and
parity
Sensitivity analysis 1.40 1.18-1.68 <0.001
adjusted for age, BMI,
smoking, preeclampsia
and comorbidities
Prematurity
Unadjusted 1.47 1.35-1.59 <0.001
Adjusted for age, 145 1.34-1.58 <0.001
BMI, comorbidities,
preeclampsia, parity
Sensitivity analysis 1.39 1.23-1.57 <0.001

adjusted for age, BMI,
comorbidities and
preeclampsia

Note: Univariate and multivariate logistic regression analysis comparing
the odds of Cesarean section, small-for-gestational-age neonates

and prematurity in women with congenital heart disease compared

to controls. In our analysis we used categorical variables regarding
BMI, parity and time period. BMI was categorized into <18.5, 218.5 to
<25, 225 to <30 and 2 30. Parity was categorized into parity 0, 1 and
22. From 1973 and onwards, each period of 5years marks a new time
period, from 1 to 10. The sensitivity analysis investigated a multivariate
logistic regression for nulliparous women excluding the effect of
previous adverse events with prematurity, SGA or Cesarean section.

Abbreviations: BMI, body mass index; CS, Cesarean section; OR, odds
ratio; SGA=small for gestational age.

unknown whether the prematurity was iatrogenic or spontaneous.
The increased incidence of prematurity in women with CHD may
be explained by iatrogenic preterm delivery, undertaken for mater-
nal cardiac, fetal, or obstetric indications, particularly in those with
more complex disease. The observed increase in the proportion of
preterm deliveries among women with CHD, in contrast to the sta-
ble rates in the control group, may be explained by several factors.
Improved survival and an increased likelihood of pregnancy among
women with more complex forms of CHD may have led to a higher-
risk obstetric population over time. Evolving clinical guidelines and
a more cautious approach to managing pregnancies in women with

CHD may have contributed to a rise in iatrogenic preterm deliveries.
The absence of a similar trend in the control group suggests that
this increase is specific to the CHD population and not reflective of
broader changes in preterm birth rates. These findings highlight the
importance of continued adaptation and optimization of pregnancy
care for women with CHD.

In our study, more women with CHD underwent CS compared
to controls. Previously in the Registry On Pregnancy and Cardiac
disease (ROPAC), a slightly higher rate of CS was found.'? Other pre-
vious studies have found a rather similar rate of CS compared to this
present study.'**> We have previously reported that women with
CHD and CS reported increased anxiety/depression before preg-
nancy.31 In this present study, an increasing proportion of women
with CHD underwent CS over time. CS is associated with increased
risk of complications such as excess blood loss, infections, throm-
boembolism, lower birth weight and shorter gestation.20 The over-
all increase in CS rates likely reflects broader trends in society and
within the population, although local clinical habits and healthcare
practices may also play a role. ESC guidelines specify that CS for car-
diac indication should be limited to women with severe pulmonary
hypertension, acute decompensated heart failure, or high-risk aortic
disease.?° Furthermore, ongoing anticoagulation therapy, such as
treatment with low molecular heparins, may also influence decision
regarding the mode of delivery.?® Further studies are needed to ex-
plore the underlying causes of the CS rate among women with CHD
and to assess adherence to clinical guidelines.

Despite the higher incidence of hypertension in women with
CHD, no corresponding increase in the risk of preeclampsia was
observed in our study. Previous studies have reported a higher in-
cidence of preeclampsia in women with CHD.323% Changes in the
definition of preeclampsia since 2018 may complicate comparisons.33
The possibility of a type Il error in our study cannot be excluded. Our
findings align with previous international studies reporting a 3.1%
preeclampsia rate in women with CHD.3>%¢ Although an association
between CHD and preeclampsia has been suggested, the evidence
remains inconclusive. Further large preferably prospective studies
are needed to clarify this relationship.

Since this is a case-control study, we cannot draw conclusions
about causality, and there may be a risk of selection bias. As with
any retrospective study, the design poses limitations, including
that the available data did not allow for the use of the more de-
tailed mMWHO classification; instead, we used the less detailed ESC
classification, which complicates comparisons with other studies.
Additionally, this cohort spans more than four decades, during
which both data collection methods and healthcare practices have
evolved. Over different eras, pregnancies have also been classi-
fied in varying ways, further complicating comparisons. Moreover,
comparing our findings with studies from other healthcare sys-
tems and eras is inherently challenging due to differences in care
models and practices. Interestingly, having mild or moderate CHD
is associated with an increased risk of less optimal obstetric out-
comes compared to women without CHD. The broad, somewhat
non-specific classification may mask important differences in risk
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b)

c)

Probability of SGA

Probability of Cesarean section

Probability of prematurity

Adjusted predictions of Cesarean section with 95% Cls
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FIGURE 2 Probability of Cesarean section, small for gestational age and prematurity in women with congenital heart disease and controls
over the study period. Marginal predicted probabilities plots which illustrated the likelihood of Cesarean section, small for gestational age
and prematurity over the study period in women with congenital heart disease (CHD) and controls, while accounting for interaction effects.
Cl, confidence interval. (A) Probability of Cesarean section in women with CHD and controls over the study period. A larger proportion

of women with CHD underwent CS over time, from 5.7% 1973 to 18.9% 2020, p-value <0.001. An increasing proportion of controls
underwent CS over time, from 5.1% 1973 to 14.8% 2020, p-value <0.001. (B) Probability of prematurity in women with CHD and controls
over the study period. There was an increase in the proportion of women with CHD who delivered prematurely over time, from 4.7% in 1973
to 8.8% in 2020 (p=0.03). No increased proportion of controls delivering prematurely over time, with rates of 3.8% in 1973 and 5.2% in
2020 (p-value=0.68). (C) Probability of small for gestational age in women with CHD and controls over the study period. There was a lower
proportion of women with CHD who delivered neonates who were SGA over time, decreasing from 5.7% in 1973 to 2.7% in 2020 (p=0.017).
The proportion of controls delivering neonates with SGA significantly declined over the study period, decreasing from 5.8% in 1973 to 1.7%

in 2020 (p<0.001).

between specific CHD subtypes. Another limitation of this study
is that the category severe CHD covers a wide range of cardiac
diagnoses with varying complexity, treatments, and risk profiles.
As a result, the heterogeneity within this group may influence
obstetric outcomes in different ways. Future studies with larger
cohorts could enable more detailed subgroup analyses to better
understand condition-specific risks.

A major strength of this study is its large, nationwide design,
which ensures comprehensive population coverage and enhances
the generalizability of the findings. The inclusion of data from a na-
tional cohort allows for robust analysis and reduces the risk of se-
lection bias, providing a more accurate representation of outcomes
across diverse patient groups. To account for potential confounding,
a sensitivity analysis restricted to nulliparous women was performed,
and the results remained consistent, indicating the robustness of the
observed associations. We have access to a unique CHD registry in
Sweden, ensuring accurate diagnoses with detailed data on both
diagnoses and surgical or interventional procedures.*® Additionally,
the Swedish Medical Birth Register provides advantages, including
comprehensive coverage of nearly all births in Sweden, high data
reliability, and detailed information on maternal outcomes, enabling
robust and high-quality analyzes.!”

5 | CONCLUSION

In this large national cohort, we have found that CS, premature de-
livery and delivering an SGA neonate are more common in women
with CHD compared to controls. Women with more complex CHD
may have an increased likelihood of CS, preterm birth, and delivering
an SGA neonate. In the future, more studies are needed to explore
the mechanisms behind SGA and preterm birth, as well as the un-
derlying reasons for the high rates of CS in women with congenital
heart disease.
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