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Abstract
Objective
Women with repaired coarctation of the aorta (rCoA) are at risk of hypertensive 

disorders and other complications during pregnancy. Hypertensive disorders in 

pregnant women are associated with inadequate uteroplacental flow, which is related 

to adverse offspring outcome. The aim of this study was to investigate the relationship 

of maternal cardiac function, placental function and pregnancy complications in 

women with rCoA.

Methods
We included 49 pregnant women with rCoA and 69 controls from the prospective 

ZAHARA-studies (Zwangerschap bij Aangeboren HARtAfwijkingen, pregnancy in 

congenital heart disease). Clinical evaluation, echocardiography and uteroplacental 

Doppler flow (UDF) measurements were performed at 20 and 32 weeks gestation. 

Univariable regression analysis was performed.

Results
Comparison of rCoA and healthy women. In women with rCoA, tricuspid annular 

plane systolic excursion (TAPSE) decreased during pregnancy (25.7 mm to 22.8 mm, 

P=0.006). UDF indices and pregnancy complication rates were similar in both groups. 

Offspring of rCoA women had lower birth weight (3233 g versus 3578 g, P=0.001), 

which was associated with β-blocker use during pregnancy (β= −418.0, P=0.01).

Association of cardiac function and UDF. Right ventricular (RV) function before 

pregnancy (TAPSE) and at 20weeks gestation (TAPSE and RV fractional area change) 

were associated with impaired UDF indices (umbilical artery pulsatility index at 20 

weeks β= −0.02, P=0.01, resistance index at 20 and 32 weeks β= −0.01, P=0.02 and β= 

−0.02, P=0.01 and uterine artery pulsatility and resistance index at 20 weeks gestation 

β= −0.02, P=0.05 and β= −0.01, P=0.02).

Conclusions
Women with rCoA tolerate pregnancy well. However, RV function is altered and is 

associated with impaired placentation.
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Introduction
Women with a repaired coarctation of the aorta (rCoA), have a relatively low risk of 

maternal cardiac complications during pregnancy compared to women with other 

congenital heart diseases (CHD), but hypertensive disorders during pregnancy in 

these patients are common.1,2 Hypertensive disorders in pregnant women in the 

general population are known to be associated with adverse offspring outcome, 

including preterm delivery, fetal growth restriction and abruptio placentae.3 In these 

women who do not have medical disorders before pregnancy, both hypertensive 

disorders and offspring complications are related to inadequate uteroplacental flow.4,5 

In the ZAHARA II study (Zwangerschap bij Aangeboren HARtAfwijkingen, pregnancy in 

congenital heart disease) we demonstrated that in women with CHD, uteroplacental 

Doppler flow(UDF) parameters were impaired and were associated with maternal 

cardiac function before pregnancy.6,7 In view of these data and the known relation of 

hypertensive disorders and uteroplacental flow in the general pregnant population, 

we assessed the relation of cardiac function before pregnancy, UDF and maternal 

and offspring outcome in women with repaired coarctation of the aorta.

Methods
This cohort study comprised all pregnant women with rCoA and healthy pregnant 

women included in the ZAHARA II and ZAHARA III studies.6-8 These studies are both 

prospective multicenter observational cohort studies and follow pregnant women 

with CHD according to identical protocols. Women aged ≥ 18 years with a history of 

repaired aortic coarctation who presented in one of the participating centers with 

a pregnancy duration of < 20 weeks and who provided written informed consent 

were eligible for this study. The healthy controls included in ZAHARA II were recruited 

from low risk midwife practices in Groningen and Rotterdam. The ZAHARA II and 

III studies are conducted according to the principles outlined in the Declaration of 

Helsinki; the study protocols have been approved by the medical ethical committee 

of all participating hospitals. The complete study design and results of the ZAHARA II 

study have been reported previously.6-8

Baseline data and follow up
The pre-pregnancy baseline data of all pregnant women were collected during 

the first ante-partum visit using medical records. Baseline data included diagnosis 
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of CHD, prior cardiovascular interventions, recoarctation, previous cardiac 

events, obstetric history, maternal age, medication use, blood pressure, history of 

hypertension (defined as present if reported in the patients records), New York 

Heart Association (NYHA) functional class, modified WHO risk class formaternal 

risk of cardiovascular complications according to ESC guidelines9, ECG, laboratory 

results and echocardiographic recordings. All included pregnant women visited the 

outpatient clinic at 20 and 32 weeks of gestation and at 1 year postpartum for clinical 

evaluation (including NYHA class assessment), standardized echocardiogram, ECG 

and NT-proBNP measurement. UDF registrations (pulsatility and resistance indices of 

the umbilical and uterine arteries and the presence of early diastolic notching) were 

performed at the prenatal care outpatient clinic at 20 and 32 weeks of gestation. 

UDF measurements were evaluated according to the guidelines of the International 

Perinatal Doppler Society.10,11 All echocardiograms were performed according to 

disease specific protocols and evaluated off-line in the University Medical Center 

Groningen, the Netherlands. Assessment of diastolic and systolic ventricular function, 

chamber quantification and valvular function were performed according to the 

current guidelines.12-14

Cardiac, obstetric and neonatal outcome
During pregnancy and up to 6 months post-partum, cardiovascular, obstetric and 

offspring events in all included women were evaluated. Primary cardiovascular events 

were defined as: need for an urgent invasive cardiovascular procedure, heart failure 

(according to the guidelines of the European Society of Cardiology and documented 

by the attending physician15), new onset or symptomatic tachy- or bradyarrhythmia 

requiring new or extended treatment, thromboembolic events, myocardial 

infarction, cardiac arrest, cardiac death, endocarditis and aortic dissection.6,7  

Primary obstetric events included: instrumental vaginal delivery (vacuum or 

forcipal-extraction), Cesarean section (planned or emergency), pregnancy induced 

hypertension (PIH), pre-eclampsia (PIH combined with proteinuria), eclampsia (pre-

eclampsia with grand mal seizures), gestational Diabetes Mellitus, HELLP syndrome 

(haemolysis, elevated liver enzymes, low platelet syndrome), hyperemesis, gravidarum, 

non-cardiac death, placental abruption, postpartum hemorrhage, preterm labour 

and preterm premature rupture of membranes (before 37 weeks gestation).6  

Offspring events were fetal death (intra-uterine death ≥ 20 weeks gestation), perinatal 

death (number of stillbirths from 20 weeks gestation and death up to 28 days post-

partum), intra-ventricular hemorrhage, neonatal respiratory distress syndrome, 
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preterm birth (before 37 weeks gestation), occurrence of congenital heart disease, 

small for gestational age (birth weight < 10th percentile) and low birth weight (< 2500 

g).6,7

Statistical analysis
We used SPSS (IBM SPSS Statistics, version 23.0, IBM SPSS Statistics, IBM corporation 

Armonk, NY) for statistical analysis. Continuous variables with normal distribution are 

presented as mean with standard deviation(±SD), nonnormally distributed variables 

as median with interquartile ranges, and dichotomous variables are presented as 

absolute numbers with percentages. Comparison of continuous variables between 

groups was performed with the Student t-test or Mann-Whitney U test, depending 

on distribution. Longitudinal comparison of continuous variables within CHD and 

healthy pregnancy groups at 2 time points (20 and 32 weeks) was performed by 

using the paired t-test. For the comparison of dichotomous variables, we used the 

χ2 test or Fisher exact test, as appropriate. Univariable linear regression was used 

to assess associations between cardiac function parameters and UDF parameters. 

The following predefined preconception parameters were assessed: maternal age at 

conception, parity, recoarctation, open-heart surgery, left ventricular ejection fraction 

(LVEF), right ventricular (RV) function (tricuspid annular plane systolic excursion 

(TAPSE) and RV fractional area change (RVFAC)) and aortic stenosis (peak gradient 

≥ 36mmHg); and the following parameters at 20 weeks of gestation: left ventricular 

ejection fraction, TAPSE, RVFAC, aortic stenosis, high NT-proBNP (> 95th percentile 

of the NT-proBNP values at 20-week and 32-week gestation in healthy women) and 

β-blocker use.16 Interaction terms were constructed and added to the model to test 

for confounding variables. Multivariable linear regression analysis was not performed, 

due to the relative small number of patients. Instead, multivariable Lasso regression 

with penalized selection of variables was performed to identify the most parsimonious 

model and to confirm results of the univariable analyses. Logistic regression analysis 

was used to assess associations between cardiac, obstetric, offspring complications 

and UDF. A P value of <0.05 was considered statistically significant and all P values 

are 2-sided.
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Results
Baseline characteristics
During the study period 49 pregnant women with rCoA and 69 healthy pregnant 

controls were included. Baseline characteristics are shown in Table 1. No significant 

differences were found between women with rCoA and healthy controls regarding age 

at conception and parity. Significantly more healthy women smoked prior to pregnancy 

than women with rCoA (33.3% versus 16.7%, P=0.04). History of hypertension was 

only reported in women with CoA and 50% of these women used antihypertensive 

medication < 6 months before pregnancy. A diastolic ‘run-off’ pattern had been 

noticed before pregnancy in the descending aorta in one rCoA woman and in the 

abdominal aorta in five rCoA women. Only one of these women had hypertension 

before pregnancy. However, neither hypertension nor a diastolic run-off pattern were 

present during pregnancy in these women.

Table 1 Baseline characteristics (prior to pregnancy) of rCoA (N = 49) and healthy women  
(controls) (N = 69).

rCoA (N (%)) Controls (N (%))
Maternal age at conception (years ±SD) 28.5 ± 4.4 29.6 ± 4.5
BMI (kg/m2 ±SD) 23.5 ± 3.1 23.2 ± 4.0
Parity
0
1
≥2

24 (49.0)
20 (40.8)
4 (8.1)

44 (63.8) 
17 (24.6) 
8 (11.6)

Smoking* 8 (16.7) 23 (33.3)
History of miscarriages 8 (16.7) 16 (23.2)
NYHA class
I
II

44 (89.8)
4 (8.2)

Modified WHO class 
II
III

40 (81.6)
9 (18.4)

Past medical history
 Arrhythmias (brady- or tachyarrhythmia) 2 (4.1)
 Heart failure 1 (2.0)
 History of hypertension* 14 (28.6) 0 (0)
Uncorrected associated lesions
 Bicuspid aortic valve 15 (30.6)
 VSD 2 (4.1)
 ASD 1 (2.0)
 Hypoplastic aortic arch 2 (4.1)
Primary interventions 49 (100)
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rCoA (N (%)) Controls (N (%))
 End-to-end anastomosis 30 (61.2)
 Subclavian flap aortoplasty 9 (18.4)
 Patch repair 5 (10.2)
 Interposition graft 3 (6.1)
 Unknown surgical intervention 1 (2.0)
 Stent 1 (2.0)
Reintervention coarctation 14 (28.6)
 Surgical repair 3 (21.4)
 Balloon dilatation 7 (50.0)
 Stent 4 (28.6)
Open-heart surgery 9 (19.1)
Age of primary intervention (years ±SD 
[range])

5.2 ± 6.9 [0.0 – 24.0]

Medication use prior to pregnancy
Any medication* 12 (24.5) 0 (0)
 ACE-inhibitor 0 (0)
 Angiotensin-II antagonist 0 (0)
 Anticoagulants 2 (4.1)
 Beta-blocker 7 (14.3)
 Calcium-channel blocker 3 (6.1)
 Platelet inhibitor 1 (2.0)
 Statin 3 (6.1)
Echocardiographic parameters
 Aortic valve regurgitationa 2 (4.7)
 Aortic valve stenosisb 5 (11.9)
 Tricuspidal valve regurgitationa 1 (2.3)
 Left ventricular diastolic dysfunctionc 4 (18.2)
 Left ventricular systolic dysfunctiond 2 (5.3)
 Left ventricular hypertrophye 4 (10.8)
 Right ventricular systolic dysfunctionf 2 (5.1)

ASD, atrial septum defect; BMI, body mass index; rCoA, repaired coarctation of the aorta; 
ESC, European Society of Cardiology; NYHA, New York Heart Association functional class; 
VSD, ventricular septum defect; and WHO,World Health Organization class. * P value < 0.05. 
a Moderate or severe regurgitation.13 b Peak gradient ≥ 36 mm Hg.12 c The presence of at least 
two abnormal measurements: decreased e′ (<8 cm/s septal, <10 cm/s lateral, or <9 cm/s 
average), E/e′ ratio > 15 or E/A ratio < 1 or >2.15 d Ejection fraction < 45%.14 e Left ventricular 
mass/BSA > 95 g/m2.14 f TAPSE < 17 mm.14

Pregnancy outcome
Data regarding cardiovascular, obstetric and offspring events were available in all 

pregnancies. One woman with rCoA developed non-sustained ventricular tachycardia 

during pregnancy for which hospital admission and metoprolol therapy was needed. 
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Only in women with rCoA (N=4) NYHA functional class deterioration (≥ 2 classes) 

was observed (P=0.024). NT-proBNP levels were higher in women with rCoA than in 

healthy women at 20 and 32 weeks gestation (125 ± 134 ng/L versus 53 ± 36 ng/L, 

P=0.001 and 111 ± 90 ng/L versus 43 ± 25 ng/L, P<0.001). Women with rCoA had 

significantly higher mean arterial pressure (MAP) than healthy women (85.0 ± 9.5 mm 

Figure 1. Number of obstetric events (A) and offspring events (B) in women with rCoA (black) 
and healthy controls (grey). *P value < 0.05. rCoA, repaired coarctation of the aorta; GDM, 
gestational diabetes mellitus; IUGR, intra uterine growth restriction; IVH, intra-ventricular 
hemorrhage; NRDS, neonatal respiratory distress syndrome; NYHA, New York Heart Association 
functional class; PE, pre-eclampsia; PIH, pregnancy induced hypertension; PL, premature labour; 
PCR; prolongation of cervix ripening, Prolongation 2nd, prolongation 2nd stage of delivery; PPH, 
postpartum hemorrhage; PPROM, preterm premature rupture of membranes and SGA, small 
for gestational age. α Excluded induction of labour, β Section primary and secondary, and γ Fetal 
and Neonatal death.
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Hg vs. 77.8 ± 7.9 mm Hg, P < 0.001 at 20 weeks and 85.0 ± 7.0 mm Hg vs. 79.7 ± 7.2 

mm Hg, P < 0.001 at 32 weeks gestation). 

Only rCoA women needed antihypertensive medication (22.4% versus 0%, P<0.001 

at 20 weeks and 28.6% versus 0%, P<0.001 at 32 weeks gestation). Obstetric and 

offspring events are presented in Fig. 1. The overall obstetric event rate was not 

statistically different between women with rCoA and healthy women (P=0.62). Women 

with rCoA received more often assistance during delivery (P=0.023) and had shorter 

gestational age at delivery (38.7 ± 1.8 versus 39.8 ± 1.5 weeks, P=0.001). In women 

with rCoA, PIH was associated with a history of hypertension before pregnancy (β= 

1.748, P=0.034). Offspring events occurred in 14.3% of women with rCoA compared 

to 11.5% of healthy women (P=0.67). 

In women with rCoA, there was one perinatal death 4 days after birth due to perinatal 

asphyxia. Offspring of women with rCoA had lower APGAR scores after 1 and 10 min 

than offspring of healthy women (P=0.023 and P=0.066). Birth weight of offspring 

of rCoA women was lower compared to offspring of healthy women (3232 ± 522 g 

versus 3578 ± 553, P=0.001) and was associated with β-blocker use during pregnancy 

(β= −418.0, P=0.012). Offspring of women with rCoA who used β-blocker during 

pregnancy (26.5%) had significant lower birth weight than offspring of women with 

rCoA who did not use β-blocker (2925 ± 634 g versus 3343 ± 433, P=0.012). Birth 

weight of offspring of women with rCoA, both with and without β-blocker use during 

pregnancy, differed from birth weight of offspring of healthy women (2925 ± 634 

g versus 3578 ± 553, P < 0.001; and 3343 ± 433 g versus 3578 ± 553, P=0.029). In 

women with rCoA, regression analysis of UDF and pregnancy complications revealed 

that pulsatility index of the umbilical artery at 32 weeks of gestation was associated 

with offspring events (β= 0.270, P=0.018) and resistance index of the umbilical artery 

at 32 weeks of gestation was associated with pregnancy induced hypertension (β= 

0.122, P<0.001).

Uteroplacental Doppler flow measurements and cardiac function
No significant differences were observed between patients and healthy controls 

in pulsatility and resistance indices of the umbilical and uterine arteries or in the 

presence of early diastolic notching at 20 and 32 weeks. Associations of umbilical 

artery pulsatility and resistance indices at 20 weeks of pregnancy and cardiovascular 

maternal parameters of rCoA women are reported in Table 2. TAPSE at 20 weeks 
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of pregnancy was associated with umbilical artery pulsatility and resistance indices 

and TAPSE preconception was associated with umbilical artery resistance index at 32 

weeks gestation (β= −0.016, P=0.010). Additionally, RVFAC at 20 weeks gestation was 

associated with uterine artery pulsatility and resistance indices at 20 weeks (β= −0.016, 

P=0.050 and β= −0.005, P=0.030). Lasso regression analysis including all parameters 

(as mentioned in methods section) at 20 weeks selected TAPSE and RVFAC at 20 

weeks gestation in the aforementioned models. In women with rCoA, mean TAPSE 

preconception was 23.2 ± 4.6 mm and 20.5% had an absolute value below 20 mm. 

Fig. 2 presents changes in left and right ventricle function parameters of rCoA women 

during pregnancy. A significant decrease in TAPSE from 20 to 32 weeks gestation 

was only noticed in women with rCoA (25.7 mm to 22.8 mm, P=0.006). At 32 weeks 

gestation, TAPSE was significantly lower in women with rCoA compared to healthy 

women (23.4 ± 5.3 mm versus 25.3 ± 3.8 mm, P=0.036) and more women with rCoA 

had an absolute value of TAPSE below 20 mm compared to healthy women at 32 

weeks gestation (31.7% versus 3.0%, P<0.001). LVEF was also significantly lower in 

rCoA women compared to healthy women during pregnancy (57.9 ± 6.0% versus 61.1 

± 6.0%, P=0.006 at 20 weeks and 57.2 ± 6.3% versus 60.0 ± 6.2%, P=0.025 at 32 weeks 

gestation). Changes in LVEF and RVFAC during pregnancy were not significant. Open-

heart surgery was associated with TAPSE preconception and at 20 weeks gestation 

(β= −4.237, P=0.020 and β= −4.246, P=0.020). A history of open heart surgery did not 

affect the association between TAPSE and UDF parameters. LVEF, β-blocker use and 

open-heart surgery were not associated with higher pulsatility or resistance indices.
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Table 2 Univariable regression analysis UDF at 20 weeks gestation and cardiovascular 
parameters in women with rCoA

N Beta 95% CI P-value
Pulsatility index: Umbilical artery
Preconception variables
 Age at conception 40 -0.013 -0.029 – 0.003 0.106
 Parity 39 0.011 -0.134 – 0.157 0.875
 Recoarctation 40 0.086 -0.076 – 0.248 0.288
 LVEF (%) 29 0.002 -0.008 – 0.012 0.720
 TAPSE (mm) 31 -0.006 -0.024 – 0.012 0.485
 Aortic valve stenosisa 33 0.095 -0.187 – 0.376 0.498
Variables at 20 weeks gestation
 LVEF (%) 34 -0.007 -0.020 – 0.005 0.247
 TAPSE (mm) 34 -0.020 -0.036 – -0.005 0.013
 RVFAC (%) 25 -0.001 -0.012 – 0.011 0.896
 Aortic valve stenosisa 38 0.105 -0.230 – 0.440 0.528
 High NT-proBNP (ng/L)b 29 0.002 -0.207 – 0.210 0.988
 Β-blocker use 40 0.047 -0.131 – 0.224 0.599
Resistance index: Umbilical artery
Preconception variables
 Age at conception 15 -0.012 -0.023 – -0.001 0.032
 Parity 15 -0.046 -0.154 – 0.062 0.374
 Recoarctation 15 -0.061 -0.217 – 0.096 0.417
 LVEF (%) 11 0.003 -0.008 – 0.014 0.598
 TAPSE (mm) 11 -0.007 -0.019 – 0.006 0.250
Variables at 20 weeks gestation
 LVEF (%) 14 -0.006 -0.017 – 0.004 0.206
 TAPSE (mm) 14 -0.014 -0.024 – -0.003 0.015
 RVFAC (%) 11 0.001 -0.008 – 0.009 0.893
 Aortic valve stenosisa 12 -0.063 -0.236 – 0.110 0.436
 High NT-proBNP (ng/L)b 14 -0.003 -0.124 – 0.119 0.960
 Β-blocker use 15 -0.049 -0.207 – 0.109 0.513

LVEF, left ventricle ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; 
rCoA, repaired coarctation of the aorta; RVFAC, right ventricular fractional area change; 
TAPSE, tricuspid annular plane systolic excursion and UDF, uteroplacental Doppler flow. a 

Peak gradient ≥ 36 mm Hg.12 b NT-proBNP > 95th percentile of the NT-proBNP values at 20-
week and 32-week gestation in healthy women (128 ng/L and 81 ng/L).
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Figure 2. Serial changes (means with 95% confidence interval) in left and right ventricular 
function parameters of rCoA women prior to pregnancy and during pregnancy (A, Tricuspid 
annular plane systolic excursion (TAPSE (mm) (n= 29)); and B, Left ventricle ejection fraction 
(LVEF (%) (n= 33)). NS, not significant.

Discussion
The main novel finding of our study is that in pregnant women with rCoA, which is a left 

sided heart defect, right ventricular function is altered and is associated with impaired 

UDF indices. This was found in a rCoA population with a very low incidence rate of 

cardiac complications during pregnancy. Furthermore, offspring and obstetric events 

and mean values of UDF parameters did not statistically differ from healthy pregnant 

women. Of all women with rCoA, only one woman had a primary cardiovascular event 

(ventricular arrhythmia). This low event rate is in line with the literature review of 

Drenthen et al., who found 1% heart failure and 0.3% of other cardiovascular events 

in women with rCoA during pregnancy.1 However, Krieger et al. conducted a large 

population-based study and found a higher rate of cardiovascular events in women 

with rCoA (4.8%). The latter authors also found a high rate of pre-eclampsia (4.3%) 

in pregnancy in women with rCoA.17 It has been demonstrated that pre-eclampsia in 

women with cardiovascular disease is strongly associated with heart failure during 
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pregnancy.18 Therefore the high cardiac event rate in the study of Krieger et al. may 

be related to their high rate of pre-eclampsia. Even though our cardiac event rate 

was low, it must be underlined that it is important to carefully monitor women with 

rCoA and preeclampsia for development of heart failure. Most authors report that 

hypertensive complications are common in pregnant women with rCoA.1,2,7,17 Although 

in our study the incidence of hypertensive complications did not differ significantly 

between women with rCoA and healthy controls, absolute percentages were higher 

in women with rCoA and similar to the literature.1,17 The lack of significance is likely 

due to our relatively small number of women with rCoA. Nevertheless in our study, 

PIH is associated with a history of hypertension and with impaired UDF in women with 

rCoA. This indicates that monitoring of blood pressure is important in women with 

rCoA during pregnancy. 

The rate of offspring complications was low compared to other CHD1,which is in line 

with previous studies of rCoA women.1,2 Furthermore, the incidence rate of offspring 

complications in rCoA women did not differ from healthy women in our study which 

demonstrate a good neonatal outcome in women with rCoA. However, offspring of 

rCoA women had lower birthweight than offspring of healthy women. An association 

with β-blocker use was found, which is consistent with other Studies.7,19 Offspring of 

women with rCoA who used β-blocker during pregnancy had statistically lower birth 

weight than offspring of women who did not use β-blocker, with a mean difference 

of 418 g. This difference is even higher than found by the ROPAC investigators and 

may well be of clinical importance.20 Moreover, offspring of rCoA women who did not 

use β-blocker during pregnancy still had lower birth weight than offspring of healthy 

women. This indicates that β-blockers are not the only negative influence on birth 

weight in rCoA women, but the use of β-blocker appears to have an additional negative 

effect on fetal growth. Our previous research indicated that Cardiac medication, 

mainly β-blockers, negatively affects uteroplacental flow, and thus affects offspring 

outcome.20,21 However, in our rCoA population we could not confirm an association 

between β-blocker use and impaired UDF parameters. Although no differences were 

found in neonatal event rate between offspring of rCoA and healthy women, there 

is an association between obstetric and offspring complications and impaired UDF, 

which is in line with other literature.7.22.23

Interestingly, in this rather small population the only maternal cardiac parameters that 

showed a fairly consistent association with abnormal UDF parameters at different time 
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points were RV function parameters (TAPSE and RVFAC). Recent evidence suggests that 

in women with congenital heart disease pre-pregnancy cardiac dysfunction is related 

to impaired placentation, reflected by UDF abnormalities.7,22,24 Increased prevalence 

of left and right ventricular dysfunction has been demonstrated in healthy women 

who developed high uteroplacental resistance and had poor pregnancy outcome.24 

Ventricular dysfunction limits cardiac output resulting in suboptimal uterine perfusion 

and defective placentation.23 It is of interest that in our rCoA population parameters 

for RV function were associated with impaired UDF parameters instead of the 

expected left ventricular (LV) function parameters. 

Evidence that RV dysfunction plays a prominent role in placental development 

and uteroplacental flow regulation is increasing. We previously demonstrated 

the association of RV function and UDF parameters even more significant in a 

heterogeneous population of women with CHD and in women with a right-sided 

heart disease.7,22 The observation of the same association in a population with left 

sided disease further reinforces the importance of the right ventricle in uterine flow 

and in placental development. It is known that left and right ventricular functions 

are related. In conditions associated with left sided heart defects or systemic 

hypertension, impairment of RV function has been reported.25,26 This has also been 

demonstrated in patients with rCoA where RV systolic and diastolic mechanics were 

impaired.27 Our database only allowed analysis of TAPSE and RVFAC as RV function 

parameters. We found a significant lower value of TAPSE at 32 weeks gestation in 

women with rCoA compared to healthy pregnant women, and a significant decrease 

in TAPSE from 20 to 32 weeks in rCoA women, which seems to indicate subclinical 

RV dysfunction, even though absolute values were still in the normal range. Possibly 

this subtle, subclinical RV dysfunction is already present earlier in pregnancy or even 

before pregnancy but other, more sensitive RV parameters may be needed to prove 

this.25-27 Our study confirms that indeed also in a left sided heart defect (i.e. repaired 

CoA) pregnancy complications are associated with RV subclinical dysfunction. The 

underlying mechanisms of RV function impairment in patients with rCoA remains 

uncertain. It has been demonstrated that despite successful repair of coarctation of 

the aorta, late after repair increased LV mass and LV afterload persist.27,28 Possibly, 

these LV abnormalities affect RV function through LV-RV interaction.

It has been suggested that TAPSE may not be valid for RV function after open-heart 

surgery since longitudinal contraction may be impaired with preserved global RV 

function.29,30 In our study, TAPSE remained correlated with worse UDF indices even 
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after correction for open-heart surgery. In contrast to our previous studies on UDF in 

CHD women, no significant differences were observed between UDF parameters in 

rCoA and healthy women.7,22 However, these studies reported more cardiac function 

abnormalities in pregnant women with CHD than in this study on women with rCoA, 

which may explain the different results, in combination with the relatively small size 

of the study population.

Strengths and limitations
Our study is the first to compare uteroplacental flow parameters of women with 

rCoA to healthy women and our results add to existing evidence that cardiac function 

before and during pregnancy is related to uteroplacental flow and offspring outcome. 

Due to the study protocol, pre-pregnancy data collection was retrospective. For this 

reason, missing data were unavoidable. Furthermore, the study population was 

relatively small, hampering multivariate linear regression analyses. However, Lasso 

regression confirmed our findings from the univariable analyses.
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Conclusion
In pregnant women with repaired aortic coarctation, it appears that right ventricular 

function is altered compared to healthy women and might affect uteroplacental 

flow and fetal growth. Furthermore, blood pressure regulation is important during 

pregnancy. Birth weight in offspring of women with rCoA is lower than in offspring of 

healthy women, which is partly explained by the use of β-blockers. However, in most 

women pregnancy outcome is favourable and the risk of defective placentation and 

adverse pregnancy outcome is not significantly increased. This study indicates again 

the importance of further exploration of the relationship between cardiac function 

and uteroplacental flow and its relation to pregnancy outcome.
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