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ABSTRACT

Background: Women with congenital heart disease (CHD) have increased risk for adverse events during preg-
nancy and delivery. Prior studies have assessed pregnancy and delivery outcomes at tertiary referral centers
(TRC). The aim of our study was to assess pregnancy outcomes in women with CHD who deliver in a non-ter-
tiary referral center (non-TRC). Methods: Clinical demographics were collected, including anatomic complexity,
physiologic state and pre-pregnancy risk assessment. Patients were stratified by delivery location, either TRC or
non-TRC. Maternal and neonatal complications of pregnancy were reported. Results: Women with CHD who
delivered in a TRC had a higher pre-pregnancy risk when assessed by the Zahar and CARPREG-II scores, and
had more patients fall into a higher WHO classification. There was no difference in rates of maternal cardiac
complications between delivery locations (11%) and neonatal complications (20%) between deliveries at TRC
and non-TRC. Conclusions: There were not increased maternal cardiac or neonatal complications when delivery
occurred at a non-TRC. Neonatal complications remained high regardless of delivery location. This study suggests
that proper risk assessment may help identify women who are candidates for safe delivery at non-TRC in women
with CHD, and that neonatal resources should be considered when planning delivery location.
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1 Introduction

Congenital heart disease (CHD) is the most common birth defect in the United States and affects nearly
1% of births per year [1]. Due to advances in surgical and medical therapy, there are more adults with
congenital heart disease (ACHD) than children with congenital heart disease in the United States [2].
With improved survival, there has been a substantial increase in pregnancies from women with CHD. In
one study, the number of deliveries among women with CHD increased 34.9% from 1998–2007, relative
to a 21.3% increase in births in the general population [3].

However, due to residual cardiac disease, women with CHD have increased risk for adverse events
during pregnancy and delivery [4]. Prior studies have demonstrated women with CHD to have an 18-fold
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increased risk of death during admission for delivery, and sustained arrhythmia has been shown to be the
most common adverse event [5,6]. While studies have primarily evaluated outcomes of mothers with
CHD at tertiary referral centers (TRC), pregnancy and delivery outcomes at non-tertiary referral centers
(non-TRC) have not yet been reported. The aim of our study was to assess delivery outcomes in women
with CHD at non-TRC.

2 Methods

This was a retrospective chart review of patients followed in the Wisconsin Adult Congenital Heart
Disease (WATCH) Program at the Medical College of Wisconsin. The WATCH program follows adult
patients with CHD, with multiple outreach locations throughout the state outside of the tertiary referral
center in Milwaukee, WI that is affiliated with our academic program. The study protocol was approved
by the institutional IRB (Approval No. 1566396).

Pregnant patients (≥16 years of age) followed in the WATCH program from 2014–July 2021 were
included. Demographic and clinical variables were collected, including medication use prior to pregnancy,
history of cardiac arrhythmias, history of prior heart failure exacerbations, and pre-partum and pregnancy
induced-hypertension. Exclusion criteria included patients with a history of acquired heart disease and
cases where complete delivery data was not available.

Anatomic cardiac complexity and pre-pregnancy physiologic state was assessed in accordance with the
2018 ACC/AHA Care Guidelines for Adults with Congenital Heart Disease, along with pre-pregnancy
NYHA functional class. Pregnancy associated cardiac risk assessment was performed utilizing the World
Health Organization (WHO) classification of classes I, II, III or IV and Zahara and CARPREG II scores [6].

Composite adverse maternal cardiac events and composite adverse neonatal events were recorded.
Adverse maternal events included decompensated heart failure (CHF), arrhythmias requiring treatment,
aortic dissection, cardiac surgery that was required during pregnancy or after delivery, a diagnosis of pre-
eclampsia and maternal mortality. Adverse neonatal events included intrauterine growth restriction
(IUGR; estimated neonatal weight <10th percentile based on estimated gestational age, EGA), preterm
delivery (<37 weeks EGA), intrauterine fetal demise, term birth weight <2500 g, neonatal CHD, and
other congenital anomalies. Fetal CHD was diagnosed prenatally using fetal echocardiography and
confirmed with post-natal echocardiography.

Delivery location was categorized as a non-tertiary referral center (non-TRC) if delivery occurred in a
community hospital, or as a tertiary referral center (TRC) if the delivery occurred in the academic tertiary
referral hospital affiliated with our program. Location of prenatal cardiac care was categorized as an
outreach location, or a main campus clinic based on the primary location of cardiac care delivery.
Delivery location was determined by shared decision making between the primary cardiologist, obstetric
team, and the patient following an individualized risk assessment, including cardiovascular history, pre-
partum cardiovascular risk assessment, and current physiologic state. Patients were followed carefully
throughout pregnancy with close collaboration between the cardiac team and obstetrics providers.

Continuous data is presented as a mean or median with standard deviation, while categorical data are
recorded as frequencies. Differences in these baseline characteristics and outcomes were examined using
Student’s t-test for continuous variables and Fisher’s exact test or Chi-squared test for categorical data.
Statistical analysis of the data was performed using IBM SPSS, version 27.0.0 Multilingual Multiplatform
eAssembly (IBM, Armonk, NY, USA). A p-value less than 0.05 was considered statistically significant.

3 Results

There were 165 pregnancies in 136 women, including 87 births at TRC, and 78 births at non-TRC. There
were no statistically significant differences in baseline demographics or clinical characteristics between
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patients delivering at TRC vs. non-TRC (Table 1). The most common maternal cardiac diagnoses were
tetralogy of Fallot, bicuspid aortic valve, and coarctation of the aorta (Fig. 1). The vast majority (99%)
were NYHA functional classes I–II, and most patients were classified in physiological stage A and
anatomic complexity class II, without a difference between delivery location. As anticipated, patients
delivering at a TRC had a higher WHO classification, had higher estimated pre-pregnancy risk as
assessed by CARPREGII and Zahara indices, and had more patients at physiologic stage B or C (p =
0.05) than patients delivering at non-TRC.

Table 1: Standard demographics and risk scores of mothers who delivered in a TRC vs. those who delivered
in a non-TRC

Demographics Total TRC Non-TRC p-value

Patients 136 77 59

Pregnancies 165 87 78

Gestational age 37.5 37.8 37.5 p = 0.52

Maternal age 29 yrs 28.7 yrs 29.4 yrs p = 0.42

Arrhythmias 8 6 (6.9%) 2 (2.6%) p = 0.28

Warfarin use 3 3 (3.4%) 0 (0%) p = 0.25

Hypertension 36 24 (27.6%) 12 (15.4%) p = 0.06

Heart failure 15 9 (10.3%) 6 (7.7%) p = 0.59

NYHA p = 0.62

I–II 164 86 (99%) 78 (100%)

III 1 1 (1%) 0 (0%)

IV 0 0 (0%) 0 (0%)

Physiologic complexity p = 0.05

A 126 60 (69%) 66 (84.6%)

B 37 26 (29.9%) 11 (14.1%)

C 2 1 (1.1%) 1 (1.2%)

Anatomic complexity p = 0.06

I 16 7 (8.0%) 9 (11.5%)

II 120 59 (67.8%) 61 (78.2%)

III 29 21 (24.1%) 8 (10.2%)

Cardiac risk assessment

WHO p = 0.01

I 42 17 (19.5%) 25 (32%)

II 107 55 (63.2%) 52 (66.7%)

III 15 14 (16.1%) 1 (1.2%)

IV 1 1 (1.1%) 0 (0%)

Zahara 0.64 0.89 0.38 p < 0.01

CARPREG II 0.63 0.84 0.41 p = 0.01
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TOF, or tetralogy of Fallot is the most common diagnosis with n = 30, followed by BAV (bicuspid aortic
valve), and coarctation of the aorta. PVS (pulmonary vein stenosis), ASD/VSD/AVSD (atrial septal defect,
ventricular septal defect, or atrioventricular septal defect), PA (pulmonary atresia), SV (single ventricle
defect), and those under an “other” classification make up the remaining diagnoses.

Overall, there were 18 patients (10.9% of cohort) with a maternal cardiac complication, including 10
(11.5%) at TRC and 8 at non-TRC (10.3%; p = 0.79). Maternal mortality was observed in one patient (n
= 1), while congestive heart failure (n = 6) and arrhythmias (n = 2) also occurred (Table 2). Additionally,
there was a diagnosis of pre-eclampsia made in 9 patients (3 at a TRC and 6 at a non-TRC), though none
progressed to eclampsia. No patients required surgical cardiac intervention or suffered an aortic dissection.

The single maternal mortality occurred in a 38-year-old G8P7007 with unrepaired congenital heart
disease. The patient had a moderate sized anterior muscular ventricular septal defect, double chamber
right ventricle, severe right ventricular hypertrophy with qualitatively normal right ventricular systolic
function, with severe tricuspid valve regurgitation. The peak pulmonary outflow tract gradient was
70 mmHg. While her prior pregnancies were reportedly uncomplicated, she first presented to care at our
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Diagnoses

TOF BAV Coarctation PVS ASD/VSD/AVSD PA SV Other

Figure 1: List of maternal diagnoses

Table 2: Maternal and neonatal complications, stratified by delivery center

Maternal
complications

TRC
(n = 10)

Non-TRC
(n = 8)

Neonatal
complications

TRC
(n = 20)

Non-TRC
(n = 13)

Mortality 1 0 Preterm delivery 6 6

CHF 4 2 Fetal demise 2 2

Arrhythmia 2 0 Term BW < 2.5
kg/IUGR

2 4

Aortic dissection 0 0 Fetal CHD 8 1

Surgical
intervention

0 0 Other 2 0

Pre-eclampsia 3 6
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institution with symptoms of CHF and atrial fibrillation in the second trimester. Following preterm premature
rupture of membranes and delivery of a non-viable fetus at 21 weeks EGA, she developed a post-partum
hemorrhage with subsequent arrhythmic cardiac arrest. Despite significant efforts, the patient was unable
to be resuscitated.

In addition to the arrhythmic cardiac arrest noted above, a second patient developed atrial flutter at
22 weeks EGA. She was medically managed until 35 weeks EGA when she was admitted for delivery
due to ongoing symptoms. Following successful delivery of a healthy infant, she was electrically
cardioverted 3 days after delivery. Finally, a third patient who underwent a cesarean section at full term
developed an episode of supraventricular tachycardia that required adenosine for conversion.

There were four patients at a TRCwho experienced heart failure. One was functional class NYHA I prior
to pregnancy, while the other three were all NYHA II. All patients had a WHO class of II or III, a
CARPREGII average of 2.80 and a Zahara average of 1.95. All patients developed symptoms in the
immediate post-partum period and received anti-congestive therapy, including oneafter delivering twins
via cesarean section at 30 weeks EGA. Lastly, there were 3 women at a TRC who experienced issues
with pre-eclampsia. All 3 were successfully treated with anti-hypertensive medication and aspirin and
were able to deliver at full term. None of these patients progressed to eclampsia.

Maternal cardiac complications (n = 8) at a non-TRC were congestive heart failure (n = 2) and pre-
eclampsia (n = 6). Of the patients with CHF, both had a WHO class of II and CAREPREGII and
ZAHARA scores of 0. The first patient was a 17-year-old born with pulmonary vein stenosis, who
unfortunately was found to have a non-viable fetus, secondary to intrauterine fetal demise. A second
patient was a 25-year-old female with a history of ASVD and coarctation of the aorta, who had a vaginal
delivery at 39 weeks. Following discharge, she returned to the emergency department with hypervolemia
including extremity and pulmonary edema, and an elevated BNP level. Both patients responded well to
decongestive therapy. Additionally, 6 patients developed pre-eclampsia prior to their delivery, 2 of which
had a pre-partum diagnosis of hypertension. Two patients required emergent caesarean section at
32 weeks EGA, while the other 4 patients delivered at term.

In addition to the arrhythmic cardiac arrest noted above, a second patient developed atrial flutter at
22 weeks EGA. She was medically managed until 35 weeks EGA when she was admitted for delivery
due to ongoing symptoms. Following successful delivery of a healthy infant, she was electrically
cardioverted 3 days after delivery. Finally, a third patient who underwent a cesarean section at full term
developed an episode of supraventricular tachycardia that required adenosine for conversion.

There were four patients at a TRCwho experienced heart failure. One was functional class NYHA I prior
to pregnancy, while the other three were all NYHA II. All patients had a WHO class of II or III, a
CARPREGII average of 2.80 and a Zahara average of 1.95. All patients developed symptoms in the
immediate post-partum period and received anti-congestive therapy, including oneafter delivering twins
via cesarean section at 30 weeks EGA. Lastly, there were 3 women at a TRC who experienced issues
with pre-eclampsia. All 3 were successfully treated with anti-hypertensive medication and aspirin and
were able to deliver at full term. None of these patients had progressed to eclampsia.

Maternal cardiac complications (n = 8) at a non-TRC were congestive heart failure (n = 2) and pre-
eclampsia (n = 6). Of the patients with CHF, both had a WHO class of II and CAREPREGII and
ZAHARA scores of 0. The first patient was a 17-year-old born with pulmonary vein stenosis, who
unfortunately was found to have a non-viable fetus, secondary to intrauterine fetal demise. A second
patient was a 25-year-old female with a history of ASVD and coarctation of the aorta, who had a vaginal
delivery at 39 weeks. Following discharge, she returned to the emergency department with hypervolemia
including extremity and pulmonary edema, and an elevated BNP level. Both patients responded well to
decongestive therapy. Additionally, 6 patients developed pre-eclampsia prior to their delivery, 2 of which
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had a pre-partum diagnosis of hypertension. Two patients required emergent caesarean section at 32 weeks
EGA, while the other 4 patients delivered at term.

There were neonatal complications in 33 (21%) pregnancies, with 20 occurring in TRC and 13 in non-
TRC (p = 0.31). Pre-term birth was seen in 6 patients in TRC and 6 patients at non-TRC. The average EGA
for all infants was 37.8 weeks at a TRC and 37.5 weeks at a non-TRC, without a difference (p = 0.52)
between locations. Of the infants born pre-term, there was no difference in EGA, or average weight (1.8
kg) between delivery locations, including 30.2 weeks EGA at TRC, compared to 32.7 weeks EGA at
non-TRC. IUGR was seen in 6 neonates (2 at a TRC and 4 at a non-TRC), including an infant also born
prematurely. Of these, 1 neonate was born at term (>37 weeks EGA) had a BW less than 2500 g and was
delivered at a non-TRC (Table 2). There were 4 pregnancies that resulted in fetal demise (2 at a TRC,
2 at non-TRC); all pregnancies with intrauterine fetal demise between 20 and 31 weeks EGA.

Nine pregnancies resulted in neonatal congenital heart disease, including ventricular septal defect
(n = 5), hypoplastic left heart syndrome (n = 2), transposition of the great arteries (n = 1), and tetralogy of
Fallot (n = 1). One patient developed respiratory distress syndrome (RDS) and a second neonate had a
congenital pulmonary airway malformation (CPAM), both delivering at TRC.

Of the 165 pregnancies, there were 27 (16%) pregnancies managed prenatally at an outreach clinical
location. Ultimately, 6 (20%) were referred for delivery at TRC due to maternal cardiac risk (Zahara
1.57 and CARPREGII 1.71 and elevated WHO class of II–III), though none had a cardiac complication.
Conversely, there was 138 (84%) pregnancies managed at main campus prenatally, of which 56 (40%)
ultimately delivered at a non-TRC. Of these 56 patients, there were 2 maternal cardiac complications, and
7 neonatal complications (5 pre-term delivery, 1 IUGR, and 1 RDS). Patients were from 27 distinct
counties, with highest frequency in southeastern Wisconsin where our academic medical center is located,
as well as northeastern Wisconsin, where our program has additional outreach locations (Fig. 2).

4 Discussion

While pregnancy in women with CHD has become an important area of research, most studies have
focused on outcomes at tertiary referral centers. Our study, the first to assess maternal and neonatal
outcomes in deliveries at non-TRC, suggests that delivery at non-TRC can be safe inappropriately

Figure 2: Heat map of patient’s home counties
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selected patients. This is important for patients who wish to deliver at a community hospital closer to their
home and family. Many ACHD programs serve patients throughout a large geography, with many patients
living a significant distance from an academic medical center. This study shows through proper risk
stratification, and care collaboration, many patients may be able to safely deliver closer to their home and
families.

Previous studies have demonstrated that maternal cardiac risk assessment predicts adverse cardiac
events [7,8]. In our study, as expected, patients who delivered at a TRC had higher WHO classifications,
and higher CAREPREG II and Zahara scores. In addition to maternal cardiac risk scoring, we also
assessed anatomic and physiologic classification. Steiner et al. reported that physiologic classification was
the strongest predictor of maternal cardiac complication, likely as physiologic class can be dynamic due
to the hemodynamic changes that occur in pregnancy. This contrasts with anatomic complexity which is
fixed throughout pregnancy [9]. In our study, patients delivering at a TRC had higher degree of both
anatomic and physiologic complexity. Furthermore, despite a favorable risk stratification, all maternal
events at non-TRC were the result of increase in physiologic state throughout the pregnancy, ultimately
resulting in symptoms of heart failure or the development of pre-eclampsia, despite lower assessed pre-
pregnancy risk. This further highlights the importance of physiologic state, given the anticipated
pregnancy induced hemodynamic changes.

As maternal CHD is a major determinant of risk to the fetus and can result in higher frequency of fetal
and neonatal complications, we also assessed neonatal outcomes. In our study, while there was no difference
in neonatal complications stratified by delivery location, there remained a high frequency of neonatal
complications within the cohort at 20%. Most commonly, neonates were preterm, though IUGR and term
infants with birth weight < 2500 g were also seen. Our study is consistent with prior reports, where
women with existing cardiac disease are more likely to give birth to newborns with lower percentile
growth and are more likely to have a preterm delivery [10,11]. However, in a subset analysis of
premature infants, the EGA was younger in patients at a non-TRC, at approximately 30 weeks EGA, vs.
32.7 weeks EGA at a TRC, and additionally, there were 3 term neonates at a non-TRC with a
BW < 2500 g. This suggests that fetal growth remains a concern even in patients with lower assessed
cardiac risk.

As a result, given the high frequency of neonatal complications, including pre-term delivery and reduced
birth weight, there should be careful consideration of neonatal resources for any delivery at a non-TRC. Even
if a non-TRC has the resources to properly treat a low-risk maternal cardiac complication, they may not have
the resources necessary for higher acuity neonatal patients including a neonatal intensive care unit if
necessary.

As anticipated, patients followed in our outreach locations, referred for delivery at TRC, had high
maternal cardiac risk. Conversely, when patients had acceptable cardiac risk, they still may deliver at
non-TRC, even when primarily followed at the main campus location. This individualize risk assessment
is best guided with awareness of local cardiac and neonatal resources, and transparent counseling
regarding maternal and neonatal risk. The best-case scenario is pre-conception counseling, with
comprehensive risk assessment in the pre-partum period, along with regular follow-up during pregnancy,
by a team, that has experience in managing congenital heart disease and heart disease within pregnancy.
This has been our approach, and while accepted as ideal state, has also been demonstrated to improved
outcomes in a case series of high-risk patients [12].

It is important to note that regardless of maternal cardiac risk, delivery location may be determined by
antenatally diagnosed fetal disease. This was notable given the observed neonatal CHD, 4 of whom had
ductal dependent lesions. This further highlights the importance of multidisciplinary antenatal care,
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including fetal echocardiography, and delivery planning with the cardio-obstetrical teams to optimize the
outcome for the both the patient and the newborn.

Our study was limited by retrospective design and tertiary referral bias, as only patients seen within our
program were included. As many patients delivered at outside institutions, comprehensive neonatal records
may not have been available, beyond gestational age and birth weight. As a result, composite outcomes of
fetal events were not inclusive of all neonatal morbidity, such as transient tachypnea of the newborn or
respiratory failure requiring mechanical ventilation. However, this limitation would only underestimate
the extent of adverse neonatal events, and further emphasizes that neonatal resources need to be
considered, regardless of assessed maternal risk, when planning for a delivery at a non-TRC. Finally, our
analysis was limited to patients followed in our academic adult congenital heart disease program and did
not include patients with cardiomyopathy, connective tissue disease, and women with acquired heart disease.

Overall, there was not increased maternal cardiac or neonatal complications when delivery occurred at a
non-TRC. This study suggests that pregnancy risk assessment helps identify women who may be candidates
for safe delivery at a non-TRC in women with CHD. Pregnancy and delivery risk assessment should be done
by a health care team with cardiologists trained in the management of adults with congenital heart disease, in
collaboration with obstetricians and high risk maternal fetal medicine physicians. Finally, due to the
frequency of neonatal complications, neonatal resources should be considered at non-TRC before a
choice is made to deliver.
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