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CHAPTER 2
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Abstract
Objective
Pregnancy in women with surgically corrected tetralogy of Fallot (ToF) is associated 

with cardiac, obstetric and neonatal complications. We compared uteroplacental 

Doppler flow (UDF) measurements and pregnancy outcome in women with ToF and 

in healthy women and aimed to assess whether a relationship exists between cardiac 

function and UDF in women with ToF.

Methods
We evaluated prospectively pregnant women with ToF and healthy pregnant women 

from the ZAHARA studies. Clinical evaluation, standardized echocardiography and 

UDF measurements were performed at 20 and 32 weeks’ gestation.

Results
We included 62 women with ToF and 69 healthy controls. Cardiac complications, 

mostly arrhythmia,occurred in 8.1% of women with ToF. There was a higher incidence 

of small-for-gestational age (21.0% vs 4.4%, P=0.004) and low birth weight (16.1% vs 

2.9%, P=0.009) in the group of women with ToF than in healthy controls. In women with 

ToF, early diastolic notching of uterine artery waveform at 20 and 32weeks occurred 

more frequently (9.8% vs 1.5%, P=0.034 and 7.0% vs 0%, P=0.025, respectively) and 

the umbilical artery pulsatility index at 32 weeks was higher (1.02 ± 0.20 vs 0.94 

± 0.17, P=0.015) than in healthy controls. Right ventricular function parameters 

prepregnancy and at 20 weeks’ gestation were significantly associated with abnormal 

UDF. UDF parameters were associated with adverse neonatal outcome.

Conclusion
The majority of women with surgically corrected ToF tolerate pregnancy well. However, 

UDF indices are more frequently abnormal in these women, suggesting impaired 

placentation. The association of impaired right ventricular function parameters with 

abnormal UDF suggests that cardiac dysfunction contributes to defective placentation 

or placental perfusion mismatch and may explain the increased incidence of obstetric 

and neonatal complications.
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Introduction
Tetralogy of Fallot (ToF) is the most common cyanotic heart defect, accounting for 

approximately 10% of all congenital heart defects (CHD).1 After corrective surgery, 

prognosis is excellent and the majority of cases reach reproductive age.2 Pregnancy in 

women with surgically corrected ToF is associated with an increased rate of maternal 

and neonatal complications.3–5 Cardiac complication rates differ largely between 

studies (ranging from 0 to 17.5%) and obstetric and neonatal complications are 

described inconsistently. 

Impaired uteroplacental circulation plays a central role in the pathogenesis of both 

obstetric and neonatal complications in the general population.6 Previous studies 

on pregnancy in women with CHD showed that maternal cardiac complications and 

neonatal complications are related and share similar predictors.7,8 We therefore 

hypothesized that maternal cardiac dysfunction may be associated with placental 

dysfunction and thus with obstetric and neonatal complications in women with CHD. 

Indeed, in the ZAHARA II (Zwangerschap bij Aangeboren HARtAfwijkingen, pregnancy 

in congenital heart disease) study, we reported abnormal uteroplacental Doppler flow 

parameters in women with CHD compared with healthy pregnant women9,10 and, in 

women with CHD, an association was found between prepregnancy right ventricular 

function and high umbilical artery resistance indices (which are indicative of abnormal 

placentation), while the abnormal uteroplacental flow was associated with adverse 

neonatal outcome.10 In this previous report, we described a mixed population with 

various types of CHD. 

The aim of this prospective study was to investigate the prevalence of cardiac, 

obstetric and neonatal complications in pregnant women with ToF and in healthy 

pregnant women. Subsequently, we compared uteroplacental Doppler flow patterns 

in both groups of women and, in order to explore further the association between 

uteroplacental circulation and cardiac function, we related cardiac function to 

uteroplacental Doppler flow patterns in women with ToF.

Methods
The ZAHARA II study was a prospective multicenter observational cohort study 

conducted between March 2008 and August 2011. For the current study, we 

prospectively extended the cohort of pregnant women with ToF included in the 

ZAHARA II study with consecutive pregnant women with ToF between October 2011 
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and June 2015 (ZAHARA III). Pregnant women with surgically corrected ToF, aged ≥ 

18 years with a gestational age < 20 weeks who presented in one of the participating 

centers were eligible for enrollment. The healthy controls included in ZAHARA II 

were recruited from low-risk midwife practices in Groningen and Rotterdam in The 

Netherlands. The study design and primary results of ZAHARA II have been reported 

before.9,10 Data of 40 women with ToF from ZAHARA II are incorporated in previously 

published reports.10–13 The study protocol was approved by the Research Ethics 

Committee of the participating centers and all participating women gave written 

informed consent.

Baseline data and follow-up
Prepregnancy baseline data were collected during the first antenatal visit using 

medical records. Baseline data that were obtained included maternal age, additional 

CHDs, prior cardiovascular interventions, previous cardiac events, cardiac medication 

use, New York Heart Association (NYHA) functional class, modified WHO risk class 

before pregnancy14, 12-lead electrocardiogram, laboratory results, echocardiographic 

recordings (including parameters concerning ventricular function (left ventricular 

ejection fraction, tricuspid annular plane systolic excursion (TAPSE), systolic tissue 

velocities (S’) and valve regurgitation or valve stenosis) smoking prior to pregnancy 

and obstetric history. All women visited the cardiac outpatient clinic at 20 and 32 

weeks’ gestation for clinical evaluation (including NYHA class assessment) and 

standardized transthoracic echocardiography. Standardized uteroplacental Doppler 

flow measurements (pulsatility (PI) and resistance (RI) indices of the umbilical and 

left and right uterine arteries and the presence of early diastolic notching) were 

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

All transthoracic echocardiographic recordings were evaluated offline by four 

experienced cardiologists, blinded to the endpoints. Assessment of systolic and 

diastolic ventricular function, chamberquantification and valvular function were 

performed according to the current guidelines, as described before.9

Cardiac, obstetric and neonatal outcome
Primary maternal cardiovascular events were recorded during pregnancy and up 

to 6 months postpartum and included any of the following: 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 
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treatment, thromboembolic events, myocardial infarction, cardiac arrest, cardiac 

death, endocarditis and aortic dissection.9 Primary obstetric events were defined 

as instrumental vaginal delivery (vacuum or forceps), Cesarean section (planned or 

emergency), pregnancy-induced hypertension (systolic blood pressure ≥ 140mmHg 

or diastolic blood pressure ≥ 90 mmHg, in the absence of proteinuria, measured on 

two different occasions with a minimal interval of 4 h, occurring ≥ 20 weeks’ gestation), 

pre-eclampsia (pregnancy-induced hypertension with ≥ 0.3 g/24 h proteinuria)16, 

eclampsia (pre-eclampsia with grand mal seizures)16, HELLP (hemolysis, elevated liver 

enzymes, low platelet) syndrome, gestational diabetes mellitus (fasting blood glucose 

≥ 6.1 mmol/L and ≥ 7.8 mmol/L after 75-g oral glucose tolerance testing), non-cardiac 

death, placental abruption, postpartum hemorrhage (> 1000 mL blood loss), preterm 

labor (spontaneous onset of labor < 37 weeks of gestation) and preterm prelabor 

rupture of membranes (spontaneous rupture of membranes before the onset of 

uterine contractions and <37 weeks’ gestation).9

Neonatal events were fetal death (stillbirth ≥ 20 weeks’ gestation), perinatal death 

(stillbirth ≥ 20 weeks’ gestation plus death in the first 28 days following delivery), 

preterm birth (spontaneous premature birth < 37 weeks’ gestation, occurring after 

preterm labor or preterm prelabor rupture of membranes (PPROM) or indicated 

preterm birth (induced for fetal or maternal reasons, such as pregnancy-induced 

hypertension, pre-eclampsia or intrauterine growth restriction)), intraventricular 

hemorrhage (any grade)17, neonatal respiratory distress syndrome (any grade), 

occurrence of CHD, small-for-gestational age (< 10th birth-weight percentile, adjusted 

for gestational age and based on population values in The Netherlands) and low birth 

weight (< 2500 g).9 The PI of the uterine or umbilical artery was considered abnormal 

if the value exceeded the 95th percentile reference values according to gestational age 

in a low-risk patient population.18,19 Data from the literature were compared with our 

current data. A search was performed on PubMed, using the search terms ‘congenital 

heart disease AND pregnancy’. No limits or time restrictions for publication date 

were used. Relevant reports were selected after reading titles and abstracts. Eligible 

reports were retrieved and reviewed carefully. Maternal and neonatal outcomes were 

registered as defined above and tabulated using Microsoft Excel for Windows. Data 

from the literature were not subjected to statistical testing.

Statistical analysis
For continuous data, depending on their distribution, means and standard deviations 
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(SD) or medians with interquartile range (IQR) were calculated. Absolute numbers and 

percentages were calculated for categorical data. Student’s t-test, the Mann–Whitney 

U-test, the chi-square test or Fisher’s exact test was used for intergroup comparison, 

as appropriate. Univariate linear regression analysis was used to assess associations 

between cardiac function and uteroplacental Doppler flow parameters. Multivariate 

linear regression was omitted since missing data from prepregnancy echocardiograms 

resulted in a patient cohort that was too small to perform a meaningful analysis. 

The following predefined prepregnancy parameters were assessed: maternal age, 

NYHA functional class, WHO pregnancy risk class, use of cardiac medication, right 

ventricular diastolic diameter, right ventricular function parameters (TAPSE and 

right ventricular systolic tissue velocity (S’)), left ventricular ejection fraction, mean 

left ventricular S’(septal-lateral), mean left ventricular early diastolic tissue velocity 

(E’) (septal-lateral) and the presence of valve regurgitation/stenosis. The following 

variables were assessed at 20 weeks’ gestation: high N-terminal pro b-type natriuretic 

peptide (NT-proBNP; > 128 pg/mL), right ventricular function parameters (TAPSE and 

right ventricular S’), left ventricular ejection fraction. Statistical analysis was performed 

using the STATA software package (version 11, StataCorp LP, College Station, TX, USA). 

A two-tailed P-value < 0.05 was considered significant.
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Results
A total of 62 pregnant women with ToF were eligible for inclusion, of which 64.5% 

were from the primary ZAHARA II cohort. A total of 71 healthy pregnant women were 

selected from the participating midwives practices. Two women were excluded (one 

with a previously undetected atrial septal defect Type II and one who was lost to 

follow-up), resulting in 69 healthy controls.

Baseline and pregnancy outcome
Table 1 provides the baseline characteristics of women with ToF and healthy pregnant 

women. The two groups did not differ for mean age and parity, and the majority of 

women were nulliparous. All women with ToF had undergone complete repair and 

moderate or severe pulmonary valve regurgitation was present in 60.3%, while 17.9% 

had moderate or severe pulmonary valve stenosis. Right ventricular dysfunction 

was present in 21.5% and left ventricular dysfunction in 8.2% of women with ToF. 

Pregnancy complications in women with ToF and in healthy controls are shown in 

Table 2 and Figure 1. No maternal deaths occurred. Cardiac complications were 

seen in 8.1% of ToF pregnancies, mostly supraventricular arrhythmia. No statistically 

significant differences in obstetric complications occurred; however, there was a 

trend towards a higher incidence of pre-eclampsia in women with ToF than in healthy 

controls (8.1% vs 1.5%, P=0.071). Gestational age at delivery in women with ToF and in 

healthy controls was 38.4 ± 2.9 and 39.8 ± 1.5 weeks (P=0.0012), respectively. Results 

were comparable after excluding women with a planned Cesarean section. There 

was no significant trend of higher perinatal mortality rates in neonates of women 

with ToF. In one case, pregnancy was terminated because of severe CHD in the fetus. 

One neonate died due to prematurity-related complications 27 weeks after delivery 

following PPROM at 20 weeks’ gestation. A significantly higher proportion of neonates 

of women with ToF had low birth weight and were more often small for gestational 

age (Table 2). This difference persisted after exclusion of women who were treated 

with beta-blockers.
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Table 1 Baseline characteristics of 62 pregnant women with tetralogy of Fallot (ToF) and 69 
healthy pregnant women (controls)

Characteristic Women with ToF  
(n=62)

Controls  
(n=69)

P

Maternal age (years) 31.1 ± 4.6 30.6 ± 4.3 0.49
Parity 0.83

0 38 (61.3) 44 (63.8)
1 18 (29.0) 17 (24.6)
≥2 6 (9.7) 8 (11.6)

Smoking prior to pregnancy 14 (22.6) 23 (33.3) 0.17
NYHA class

I 44 (71.0)
II 18 (29.0)

Modified WHO class*

II 60 (96.8)
III 2 (3.2)

Complete ToF repair
Infundibular resection ± valvu-
lotomy 19 (30.6)
RV outflowtract patch ± valvu-
lotomy 18 (29.0)
Transannular patch ± valvulo-
tomy 23 (37.1)
Pulmonary valve replacement 20 (32.3)
Biological valve prosthesis 19 (30.7)
Mechanical valve prosthesis 1 (1.6)

Medical history
History of congestive heart 
failure 1 (1.6)
History of arrhythmia (requiring 
treatment) 3 (4.8)
Pacemaker 3 (4.8)
Medication prior to pregnancy 6 (9.7)
Betablocker 5 (8.1)

Echocardiographic parameters†
Tricuspid valve regurgitation‡ 3 (5.3)

Pulmonary valve stenosis§ 10 (17.9)
Pulmonary valve regurgitation‡ 35 (60.3)
Left ventricular systolic  
dysfunction¶ 4 (8.2)
Right ventricular systolic  
dysfunction** 12 (21.5)  

Data are given as mean ± SD or n (%). *Modified World Health Organization class according 
to ESC guidelines.14 †Missing data excluded from analysis; ‡Moderate or severe regurgitation; 
§Peak gradient ≥ 36 mmHg; ¶ Ejection fraction < 45%; **TAPSE < 16 mm.
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Table 2 Pregnancy outcome in 62 pregnant women with tetralogy of Fallot (ToF), in 69 healthy 
pregnant women (controls) and in women with ToF reported in the literature

Outcome Literature Women with 
ToF (n=62)

Controls (n=69) P*

Cardiac complication 40/562 (7.1)‡ 5 (8.1)‡ 0 (0.0)‡ 0.016
Heart failure 14 (2.5) 1 (1.6) 0 (0.0) 0.29
Arrhythmia 19 (3.4) 3 (4.8) 0 (0.0) 0.065
Tromboembolic event 2 (0.36) 1 (16.) 0 (0.0) 0.29

Obstetric complication 82/462 (18.8)‡ 35 (56.5)‡ 30 (43.5)‡ 0.14
Instrumental vaginal  
 delivery†

NR 23 (37.1) 24 (34.8) 0.78

Cesarean section 68/323 (21.1%) 10 (16.2) 9 (13.1)
Planned  IR 5 (8.1) 1 (1.5) 0.071
Emergency IR 5 (8.1) 8 (11.6) 0.50
Gestational diabetes  
Mellitus

1 (0.2) 2 (3.2) 0 (0.0) 0.13

HELLP syndrome NR 1 (1.6) 0 (0.0) 0.29
Post-partum haemor-
rhage 29 (6.3) 2 (3.2) 4 (5.8) 0.48
Pre-eclampsia 8 (1.7) 5 (8.1) 1 (1.5) 0.071
Pregnancy-induced  
 hypertension 17 (3.7) 5 (8.1) 7 (10.1) 0.68
Preterm labour 17 (3.7) 5 (8.1) 3 (4.4) 0.38
PPROM 9 (1.9) 5 (8.1) 2 (2.9) 0.19

Neonatal complication
109/515 
(21.1)‡ 21 (33.9)‡ 8 (11.6)‡ 0.002

Fetal death NR 1 (1.6) 0 (0.0) 0.29
Intraventricular hem-
orrhage NR 0 (0.0) 1 (1.5) 0.34
Low birth weight 
(<2500 g) NR 10 (16.1) 2 (2.9) 0.009
Perinatal death 9 (1.7) 2 (3.2) 0 (0.0) 0.13
Neonatal RDS not reported 4 (6.5) 1 (1.5) 0.14
Fetal CHD 18 (3.5) 3 (4.9) 0 (0.0) 0.064
Preterm birth 38 (7.4) 7 (11.5) 4 (5.8) 0.25

Spontaneous  IR 5 (8.2) 2 (2.9) 0.18
Indicated  IR 2 (3.3) 2 (2.9) 0.90

SGA (< 10th percentile) 45 (8.7) 13 (21.0) 3 (4.4) 0.004
Data are given as n (%). *Comparison of women with ToF in this study with controls. †Vac-
uum or forceps. ‡Incorporates only reported complications. CHD, congenital heart disease; 
HELLP, hemolysis, elevated liver enzymes, low platelet count; IR, inconsistently reported; 
NR, not reported; PPROM, preterm prelabor rupture of membranes; RDS, respiratory dis-
tress syndrome; SGA, small-for-gestational age.
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Figure 1. Number of cardiovascular (a), obstetric (b) and neonatal (c) complications in pregnant 
women with tetralogy of Fallot (ToF) reported in the literature (red), in pregnant women with ToF 
in current study (blue) and in healthy controls (green). *P<0.05 compared with healthy controls. 
‘Total’ represents total percentage of complications mentioned in the figure only. Abruption, 
placental abruption; CHD, occurrence of congenital heart disease in the fetus; GDM, gestational 
diabetes mellitus; PB, preterm birth; PE, pre-eclampsia; PIH, pregnancy-induced hypertension; 
PL, preterm labor; PPH, postpartum hemorrhage; PPROM, preterm prelabor rupture of 
membranes; SGA, small-for-gestational age

Uteroplacental Doppler flow measurements
At 32 weeks’ gestation, the umbilical artery PI was significantly higher in fetuses 

of women with ToF than in healthy controls (1.02 ± 0.20 vs 0.94 ± 0.17, P=0.015; 

Table 3). However, the incidence of abnormal umbilical artery PI at 32 weeks did 

not significantly differ between the groups (5.6% vs 3.1%, P=0.50). No differences 

were found between women with ToF and healthy women for uterine artery PI or RI 

at 20 or at 32weeks’ gestation (Table 3). There was no difference in the proportion 

of women with abnormal uterine artery PI at 20 and 32 weeks’ gestation between 

those with ToF and healthy controls (7.7% vs 3.3%, P=0.29 and 13.4% vs 6.2%, P=0.21, 

respectively). Results were comparable after exclusion of pregnancies with CHD in 

the fetus. The only difference observed between the two groups was that women 
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with ToF more often had a persisting early diastolic notch (EDN) in the uterine artery 

at 20 and at 32 weeks than healthy women (9.8% vs 1.5%, P=0.034 and 7.0% vs 0%, 

P=0.025, respectively). In women with ToF, EDN in the uterine artery waveform at 20 

weeks was associated with low birth weight (odds ratio (OR), 7.2 (95% CI, 1.2 – 44.0), 

P=0.033). No associations were found between uterine artery PI and RI and neonatal 

outcome.

Similarly to our previous report on uteroplacental flow and cardiac function, we chose 

to report on uterine artery RI at 20 weeks’ gestation for the regression analysis.10 

Results were comparable for uterine artery RI and PI. For the umbilical artery we used 

PI, since this was available in 85% of all patients at 32 weeks’ gestation. Results of 

univariable regression are displayed in Table 4. Right ventricular function parameters 

prepregnancy and at 20 weeks’ gestation showed a correlation with uteroplacental 

Doppler flow parameters (Figure 2).

Table 3 Uteroplacental Doppler flow measurements in women with Tetralogy of Fallot and 
healthy women

Doppler measurement Women with 
ToF

Controls P

20 weeks
 Uterine artery pulsatility index 0.96 ± 0.37 0.90 ± 0.29 0.33
 Uterine artery resistance index 0.56 ± 0.11 0.55 ± 0.10 0.64
 Presence of early diastolic notch 
in uterine artery 6 (9.8) 1 (1.5) 0.034
 Umbilical artery pulsatility index 1.18 ± 0.20 1.21 ± 0.18 0.38
32 weeks
 Uterine artery pulsatility index 0.76 ± 0.22 0.72 ± 0.19 0.33
 Uterine artery resistance index 0.50 ± 0.12 0.47 ± 0.078 0.19
 Presence of early diastolic notch 
in uterine artery 4 (7.0) 0 (0.0) 0.025
 Umbilical artery pulsatility index 1.02 ± 0.20 0.94 ± 0.17 0.015

Data are given as mean ± SD or n (%).
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Table 4 Univariable regression analysis of uteroplacental Doppler flow parameters and cardiac 
variables before pregnancy and at 20 and 32 weeks’ gestation in pregnant women with tetralogy 
of Fallot

N Beta (95% CI) P
Uterine artery RI at 20 weeks

Prepregnancy variables
Modified WHO risk class (ref-
erence: WHO II) 52 0.18 (0.029 – 0.33) 0.0021
NYHA functional class (refer-
ence: NYHA I) 52 0.063 (-0.0095 – 0.13) 0.087
Right ventricular systolic 
tissue velocity (S′) 30 -0.023 (-0.046 – 0.0058) 0.045
Right ventricular function 
(TAPSE) 46 -0.0033 (-0.011 – 0.0047) 0.40
Left ventricular ejection frac-
tion (%) 40 -0.0022 (-0.0067 – 0.0026) 0.32
Pulmonary valve regurgitation 49 -0.019 (-0.045 – 0.0083) 0.17
Pulmonary valve stenosis 49 -0.019 (-0.0045 – 0.083) 0.17
Tricuspid valve regurgitation 48 0.030 (-0.025 – 0.085) 0.27
Variables at 20 weeks 
Right ventricular systolic 
tissue velocity (S′) 38 -0.015 (-0.030 – -0.0014) 0.032
Right ventricular function 
(TAPSE) 47 -0.0040 (-0.012 – 0.0043) 0.34
Left ventricular ejection frac-
tion (%) 44 -0.0004 (-0.0055 – 0.0047) 0.87
NTproBNP > 128 pg/mL 36 0.015 (-0.070 – 0.10) 0.72

Umbilical artery PI at 32 weeks
Prepregnancy variables
Modified WHO risk class(refer-
ence: WHO II) 54 -0.052 (-0.46 – 0.35) 0.79
NYHA functional class (refer-
ence: NYHA I) 54 0.0060 (-0.11 – 0.13) 0.92
Right ventricular systolic 
tissue velocity (S′) 32 -0.028 (-0.050 – -0.0065) 0.012
Right ventricular function 
(TAPSE) 47 -0.019 (-0.031 – -0.0069) 0.003
Left ventricular ejection frac-
tion (%) 43 -0.0029 (-0.0089 – 0.0030) 0.32
Pulmonary valve regurgitation 50 -0.011 (-0.056 – 0.034) 0.63
Pulmonary valve stenosis 48 0.062 (-0.010 – 0.13) 0.089
Tricuspid valve regurgitation 49 0.031 (-0.067 – 0.13) 0.75

Variables at 20 weeks
Right ventricular systolic 
tissue velocity (S′) 42 -0.022 (-0.042 – -0.0015) 0.036
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N Beta (95% CI) P
Right ventricular function 
(TAPSE) 48 -0.0037 (-0.016 – 0.0095) 0.58
Left ventricular ejection 
fraction 47 -0.0061 (-0.012 – -0.00011) 0.054
NTproBNP > 128 pg/mL 35 0.056 (-0.078 – 0.19) 0.40

 Variables at 32 weeks
Right ventricular systolic 
tissue velocity (S′) 40 -0.020 (-0.040 – -0.000079) 0.049
Right ventricular function 
(TAPSE) 46 0.00059 (-0.013 – 0.015) 0.93
Left ventricular ejection 
fraction 39 -0.0053 (-0.013 – 0.0023) 0.17
NTproBNP > 128 pg/mL 35 0.065 (-0.12 – 0.25) 0.48

NT-proBNP, N-terminal pro b-type natriuretic peptide; NYHA, New York Heart Association; 
TAPSE, tricuspid annular plane systolic excursion; WHO, World Health Organization.

Figure 2. Scatterplot of (a) prepregnancy tricuspid annular plane systolic excursion (TAPSE), (b) 
prepregnancy right ventricular (RV) systolic tissue velocity, and (c) RV systolic tissue velocity at 
20 weeks’ gestation, according to umbilical artery pulsatility index (PI) at 32 weeks’ gestation in 
women with tetralogy of Fallot
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Discussion
This is the first study comparing pregnancy outcome and uteroplacental Doppler 

flow parameters in women with ToF and in healthy controls. We found that women 

with ToF experience more cardiovascular complications (in particular arrhythmia) and 

more neonatal complications, in particular low birth weight and small-for-gestational 

age. Women with ToF more often had abnormal UDF indices, indicative of defective 

placentation. Right ventricular function parameters were found to be associated with 

UDF parameters in these women. UDF parameters were associated with neonatal 

outcomes. As can be seen in Figure 1 and Table 2, the cardiac complication rate in 

our study was slightly higher (8.1%) than the overall complication rate found in the 

literature (7.1% cardiac complications during 562 pregnancies in women with ToF)3–

5,8,20–30, with more arrhythmia and less heart failure, but rates do differ largely between 

studies. Differences in study design and patient cohort probably account for these 

differences.

The obstetric complication rate was not significantly different in women with ToF 

compared with healthy women, although a trend towards a higher prevalence 

of hypertensive disorders of pregnancy (pregnancy-induced hypertension, pre-

eclampsia, HELLP syndrome) and preterm birth was observed in women with ToF. 

The obstetric and neonatal complication rates in this study are higher than the 

incidences found in the literature, but rates differ greatly between studies owing to 

differences in definitions and, more importantly, underreporting. In this study we 

found an association between right ventricular parameters (lower prepregnancy 

TAPSE and lower S’, prepregnancy and at 20 and 32 weeks’ gestation) and impaired 

uteroplacental Doppler flow parameters. These findings are in line with our previous 

study in a larger population with mixed types of CHD, in which lower prepregnancy 

TAPSE was associated with increased umbilical artery RI.10

There is increasing evidence of a relationship between cardiac function and poor 

placentation or placental function, and a role of right ventricular dysfunction in the 

pathophysiological mechanism has been suggested.31 A recent systematic review by 

our group suggested a link between pre-existent subclinical cardiac dysfunction and 

poor placentation, reflected by high resistance in the uteroplacental circulation.31 In 

addition, Wald et al. recently found the decline in cardiac output during pregnancy in 

women with heart disease to be independently predictive for neonatal complications.32 

There is also evidence that in previously healthy women with high uteroplacental 

resistance and poor pregnancy outcome there is an increased prevalence of systolic 
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and diastolic left ventricular dysfunction. Additionally, right ventricular systolic 

and diastolic dysfunction have been described in healthy women with early pre-

eclampsia.33 Melchiorre and colleagues described a higher prevalence of previously 

unknown functionally significant cardiac defects in women with increased uterine 

artery Doppler indices.34 Interestingly, most of these cardiac defects had right-sided 
sequelae. The underlying pathophysiological mechanism responsible for these 
observations might be analogous to what is known in patients with congestive heart 
failure, in which dysfunction of other organs, including the kidneys and liver, is related 
to under-perfusion due to left ventricular systolic dysfunction but also to elevated 

central venous pressure.35,36 The placenta may be regarded as a temporary extra 

organ and may be affected by cardiac dysfunction in a similar way.

The normal placental bed arteries are low-resistance vessels due to remodeling of 

the spiral artery walls by trophoblast invasion, leaving the autoregulatory capacity of 

the uteroplacental circulation limited.37,38 Therefore, the uteroplacental circulation is 

dependent directly on maternal cardiac performance. A recent report from Verlohren 

et al. suggested that placental hypoxia, either as a result of poor trophoblast 

development or from the inability of the maternal heart to meet the demands of 

the fetoplacental unit, forms the basis for placenta-related complications.39 Wald et 

al. found a decline in cardiac output during pregnancy in women with heart disease 

predictive for neonatal complications.32 This might suggest that cardiac reserve in 

women with heart disease is not sufficient to meet the increased demand of the 

growing fetus and the near-term placenta, leading to adverse neonatal outcome. 

Right ventricular dysfunction influences left ventricular function through ventriculo-

ventricular interdependence, which can lead to decreased cardiac output and 

therefore insufficient capacity to meet the increased hemodynamic demands of 

pregnancy. However, right ventricular dysfunction can lead to increased central venous 

pressure and subsequent venous congestion. Gyselaers et al. postulated that venous 

hemodynamic dysfunction (i.e. increased venular pressure) may lead to increased 

pressure in the intervillous space, causing damage to the trophoblast and resulting 

in defective trophoblastic remodeling of the spiral arteries.40 Especially the second 

wave of trophoblastic invasion of the spiral arteries, occurring when intervillous space 

circulation is established, may be hampered. This may explain the finding of more 

early diastolic notching at 20 and 32 weeks of gestation and increased resistance in 

the uterine artery waveforms at 32 weeks in ToF patients. Both hypotheses might 

be essential parts of the explanation as to why ventricular function parameters are 

increasingly being found to be associated with altered uteroplacental Doppler flow 
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indices. Further experimental and clinical research with histological examination of 

the placenta is warranted to explore this association.

Strengths and limitations
This is the first study that investigates uteroplacental circulation during pregnancy 

in women with ToF and compares pregnancy outcome in these women with that in 

healthy controls. In addition, the prospective nature of the study makes the results 

more valuable. Because of the study design, prepregnancy data were collected 

retrospectively and therefore missing data were inevitable.

In addition, the study population was relatively small. As a consequence, multivariate 

linear regression analysis of the uteroplacental flow indices was not feasible and 

some of the observed differences in obstetric and neonatal outcomes between 

women with ToF and controls might not have reached statistical significance. A formal 

power analysis was not performed since the current study concerns a secondary 

analysis. Despite a standardized protocol for echocardiograms, availability of cardiac 

output data was insufficient to incorporate these in the regression analyses. These 

limitations should be borne in mind and the results interpreted with caution
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Conclusion
Most women with surgically corrected ToF tolerate pregnancy well. However, 

cardiovascular complications, mainly arrhythmia, are common, and neonatal 

complications are more frequently observed in women with ToF compared with 

healthy controls. EDN of the uterine artery waveform occurs more often in women 

with ToF, which is indicative of disturbed placentation. In addition, umbilical artery PI is 

higher at 32 weeks’ gestation in these women. Right ventricular function parameters, 

prepregnancy and during pregnancy, are negatively associated with resistance in 

the uteroplacental circulation. The findings of this study add to the evidence that 

cardiac dysfunction might play an important role in the placentation process and 

the occurrence of placenta-related complications in women with CHD. Further 

fundamental research is required for a better understanding of the underlying 

pathophysiological mechanism.

Funding
The ZAHARA II study was supported by a grant from The Netherlands Heart 

foundation (2007B75); the ZAHARA III study was supported by a grant from ZonMW 

(91210050).

Competing interest
None declared.



 Chapter 2

38

References
1. Bashore TM. Adult congenital heart 

disease: right ventricular outflow tract 
lesions. Circulation 2007; 115: 1933–
1947.

2. Cuypers JA, Menting ME, Konings EE, Opic 
P, Utens EM, Helbing WA, Witsenburg 
M, van den Bosch AE, Ouhlous M, van 
Domburg RT, Rizopoulos D, Meijboom FJ, 
Boersma E, Bogers AJ, Roos-Hesselink JW. 
Unnatural history of tetralogy of Fallot: 
prospective follow-up of 40 years after 
surgical correction. Circulation 2014; 130: 
1944–1953.

3. Balci A, Drenthen W, Mulder BJ, Roos-
Hesselink JW, Voors AA, Vliegen HW, 
Moons P, Sollie KM, van Dijk AP, van 
Veldhuisen DJ, Pieper PG. Pregnancy in 
women with corrected tetralogy of Fallot: 
Occurrence and predictors of adverse 
events. Am Heart J 2011; 161: 307–313.

4. Khairy P, Ouyang DW, Fernandes SM, 
Lee-Parritz A, Economy KE, Landzberg 
MJ. Pregnancy outcomes in women with 
congenital heart disease. Circulation 
2006; 113: 517–524.

5. Veldtman GR, Connolly HM, Grogan M, 
Ammash NM, Warnes CA. Outcomes 
of pregnancy in women with tetralogy 
of Fallot. J Am Coll Cardiol 2004; 44: 
174–180.

6. Brosens I, Pijnenborg R, Vercruysse 
L, Romero R. The ‘‘Great Obstetrical 
Syndromes’’ are associated with 
disorders of deep placentation. Am J 
Obstet Gynecol 2011; 204: 193–201.

7. Drenthen W, Boersma E, Balci A, Moons 
P, Roos-Hesselink JW, Mulder BJ, Vliegen 
HW, van Dijk AP, Voors AA, Yap SC, 
van Veldhuisen DJ, Pieper PG; ZAHARA 
Investigators. Predictors of pregnancy 
complications in women with congenital 
heart disease. Eur Heart J 2010; 31: 
2124–2132. 

8. 8. Siu SC, Sermer M, Colman JM, Alvarez 
AN, Mercier LA, Morton BC, Kells CM, 
Bergin ML, Kiess MC, Marcotte F, Taylor 
DA, Gordon EP, Spears JC, Tam JW, 
Amankwah KS, Smallhorn JF, Farine 
D, Sorensen S; Cardiac Disease in 
Pregnancy (CARPREG) Investigators. 
Prospective multicenter study of 
pregnancy outcomes in women with 
heart disease. Circulation 2001; 104: 
515–521.

9. Balci A, Sollie KM, Mulder BJ, de Laat MW, 
Roos-Hesselink JW, van Dijk AP, Wajon 
EM, Vliegen HW, Drenthen W, Hillege HL, 
Aarnoudse JG, van Veldhuisen DJ, Pieper 
PG. Associations between cardiovascular 
parameters and uteroplacental 
Doppler (blood) flow patterns during 
pregnancy in women with congenital 
heart disease: Rationale and design 
of the Zwangerschap bij Aangeboren 
Hartafwijking (ZAHARA) II study. Am Heart 
J 2011; 161: 269–275.e1.

10. Pieper PG, Balci A, Aarnoudse JG, 
Kampman MA, Sollie KM, Groen H, 
Mulder BJ, Oudijk MA, Roos-Hesselink JW, 
Cornette J, van Dijk AP, Spaanderman ME, 
Drenthen W, van Veldhuisen DJ; ZAHARA 
II investigators. Uteroplacental blood 
flow, cardiac function, and pregnancy 
outcome in women with congenital 
heart disease. Circulation 2013; 128: 
2478–2487.

11. Kampman MA, Balci A, van Veldhuisen 
DJ, van Dijk AP, Roos-Hesselink JW, 
Sollie-Szarynska KM, Ludwig-Ruitenberg 
M, van Melle JP, Mulder BJ, Pieper PG; 
ZAHARA II investigators. N-terminal 
pro-B-type natriuretic peptide predicts 
cardiovascular complications in pregnant 
women with congenital heart disease. Eur 
Heart J 2014; 35: 708–715. 
 



Uteroplacental Doppler flow and pregnancy outcome in women with Tetralogy of Fallot

2

39   

12. Kampman MA, Balci A, Groen H, van 
Dijk AP, Roos-Hesselink JW, van Melle JP, 
Sollie-Szarynska KM, Wajon EM, Mulder 
BJ, van Veldhuisen DJ, Pieper PG; ZAHARA 
II investigators. Cardiac function and 
cardiac events 1-year postpartum in 
women with congenital heart disease. Am 
Heart J 2015; 169: 298–304.

13. Balci A, Sollie-Szarynska KM, van der Bijl 
AG, Ruys TP, Mulder BJ, Roos-Hesselink 
JW, van Dijk AP, Wajon EM, Vliegen HW, 
Drenthen W, Hillege HL, Aarnoudse JG, 
van Veldhuisen DJ, Pieper PG; ZAHARA-
II investigators. Prospective validation 
and assessment of cardiovascular and 
offspring risk models for pregnant 
women with congenital heart disease. 
Heart 2014; 100: 1373–1381

14. European Society of Gynecology, 
Association for European Paediatric 
Cardiology, German Society for Gender 
Medicine, Authors/Task Force Members, 
Regitz-Zagrosek V, Blomstrom Lundqvist 
C, Borghi C, Cifkova R, Ferreira R, 
Foidart JM, Gibbs JS, Gohlke-Baerwolf C, 
Gorenek B, Iung B, Kirby M, Maas AH, 
Morais J, Nihoyannopoulos P, Pieper 
PG, Presbitero P, Roos-Hesselink JW, 
Schaufelberger M, Seeland U, Torracca L, 
ESC Committee for Practice Guidelines, 
Bax J, Auricchio A, Baumgartner H, 
Ceconi C, Dean V, Deaton C, Fagard R, 
Funck-Brentano C, Hasdai D, Hoes A, 
Knuuti J, Kolh P, McDonagh T, Moulin 
C, Poldermans D, Popescu BA, Reiner 
Z, Sechtem U, Sirnes PA, Torbicki A, 
Vahanian A, Windecker S, Document 
Reviewers, Baumgartner H, Deaton C, 
Aguiar C, Al-Attar N, Garcia AA, Antoniou 
A, Coman I, Elkayam U, Gomez-Sanchez 
MA, Gotcheva N, Hilfiker-Kleiner D, Kiss 
RG, Kitsiou A, Konings KT, Lip GY, Manolis 
A, Mebaaza A, Mintale I, Morice MC, 
Mulder BJ, Pasquet A, Price S, Priori SG, 
Salvador MJ, Shotan A, Silversides CK, 
Skouby SO, Stein JI, Tornos P, Vejlstrup 
N, Walker F, Warnes C. ESC Guidelines 

on the management of cardiovascular 
diseases during pregnancy: the 
Task Force on the Management 
of Cardiovascular Diseases during 
Pregnancy of the European Society of 
Cardiology (ESC). Eur Heart J 2011; 32: 
3147–3197.

15. 15. McMurray JJ, Adamopoulos S, Anker 
SD, Auricchio A, Bohm M, Dickstein K, 
Falk V, Filippatos G, Fonseca C, Gomez-
Sanchez MA, Jaarsma T, Kober L, Lip GY, 
Maggioni AP, Parkhomenko A, Pieske 
BM, Popescu BA, Ronnevik PK, Rutten 
FH, Schwitter J, Seferovic P, Stepinska 
J, Trindade PT, Voors AA, Zannad F, 
Zeiher A, ESC Committee for Practice 
Guidelines. ESC Guidelines for the 
diagnosis and treatment of acute and 
chronic heart failure 2012: The Task 
Force for the Diagnosis and Treatment 
of Acute and Chronic Heart Failure 2012 
of the European Society of Cardiology. 
Developed in collaboration with the 
Heart Failure Association (HFA) of the 
ESC. Eur Heart J 2012; 33: 1787–1847.

16. 16. ACOG Committee on Practice 
Bulletins--Obstetrics. ACOG practice 
bulletin. Diagnosis and management of 
preeclampsia and eclampsia. Number 33, 
January 2002. Obstet Gynecol 2002; 99: 
159–167.

17. Papile LA, Burstein J, Burstein R, 
KofflerH. Incidence and evolution of 
subependymal and intraventricular 
hemorrhage: a study of infants with birth 
weights less than 1,500 gm. J Pediatr 
1978; 92: 529–534.

18. Gomez O, Figueras F, Fernandez S, 
Bennasar M, Martinez JM, Puerto B, 
Gratacos E. Reference ranges for uterine 
artery mean pulsatility index at 11–41 
weeks of gestation. Ultrasound Obstet 
Gynecol 2008; 32: 128–132.

19. Acharya G, Wilsgaard T, Berntsen GK, 
Maltau JM, Kiserud T. Reference ranges 
for serial measurements of umbilical 



 Chapter 2

40

artery Doppler indices in the second half 
of pregnancy. Am J Obstet Gynecol 2005; 
192: 937–944.

20. Aggarwal N, Suri V, Kaur H, Chopra S, 
Rohila M, Vijayvergiya R. Retrospective 
analysis of outcome of pregnancy in 
women with congenital heart disease: 
single-centre experience from North 
India. Aust N Z J Obstet Gynaecol 2009; 
49: 376–381.

21. Egidy Assenza G, Cassater D, Landzberg 
M, Geva T, Schreier J, Graham D, Volpe 
M, Barker N, Economy K, Valente AM. The 
effects of pregnancy on right ventricular 
remodeling in women with repaired 
tetralogy of Fallot. Int J Cardiol 2013; 168: 
1847–1852.

22. Daliento L, Dal Bianco L, Bagato F, 
Secco E, Sarubbi B, Mazzotti E, Bauce B, 
Rizzoli G. Gender differences and role of 
pregnancy in the history of post-surgical 
women affected by tetralogy of Fallot. 
PLoS One 2012; 7: e49729.

23. Gelson E, Gatzoulis M, Steer PJ, Lupton M, 
Johnson M. Tetralogy of Fallot: maternal 
and neonatal outcomes. BJOG 2008; 115: 
398–402.

24. Hidaka Y, Akagi T, Himeno W, Ishii M, 
Matsuishi T. Left ventricular performance 
during pregnancy in patients with 
repaired tetralogy of Fallot: prospective 
evaluation using the Tei index. Circ J 
2003; 67: 682–686.

25. Kamiya CA, Iwamiya T, Neki R, Katsuragi 
S, Kawasaki K, Miyoshi T, Sasaki Y, Osato 
K, Murohara T, Ikeda T. Outcome of 
pregnancy and effects on the right heart 
in women with repaired tetralogy of fallot. 
Circ J 2012; 76: 957–963.

26. Niwa K, Tateno S, Akagi T, Himeno W, 
Kawasoe Y, Tatebe S, Matsuo K, Gatzoulis 
MA, Nakazawa M. Arrhythmia and 
reduced heart rate variability during 
pregnancy in women with congenital 
heart disease and previous reparative 
surgery. Int J Cardiol 2007; 122: 143–148.

27. Pedersen LM, Pedersen TA, Ravn HB, 
Hjortdal VE. Outcomes of pregnancy in 
women with tetralogy of Fallot. Cardiol 
Young 2008; 18: 423–429.

28. Singh H, Bolton PJ, Oakley CM. Pregnancy 
after surgical correction of tetralogy of 
Fallot. Br Med J (Clin Res Ed) 1982; 285: 
168–170.

29. Uebing A, Arvanitis P, Li W, Diller GP, 
Babu-Narayan SV, Okonko D, Koltsida E, 
Papadopoulos M, Johnson MR, Lupton 
MG, Yentis SM, Steer PJ, Gatzoulis MA. 
Effect of pregnancy on clinical status and 
ventricular function in women with heart 
disease. Int J Cardiol 2010; 139: 50–59.

30. Zuber M, Gautschi N, Oechslin E, 
Widmer V, Kiowski W, Jenni R. Outcome 
of pregnancy in women with congenital 
shunt lesions. Heart 1999; 81: 271–275.

31. Kampman MA, Bilardo CM, Mulder 
BJ, Aarnoudse JG, Ris-Stalpers C, van 
Veldhuisen DJ, Pieper PG. Maternal 
cardiac function, uteroplacental Doppler 
flow parameters and pregnancy 
outcome: a systematic review. Ultrasound 
Obstet Gynecol 2015; 46: 21–28.

32. Wald RM, Silversides CK, Kingdom J, Toi 
A, Lau CS, Mason J, Colman JM, Sermer 
M, Siu SC. Maternal cardiac output and 
fetal doppler predict adverse neonatal 
outcomes in pregnant women with 
heart disease. J Am Heart Assoc 2015; 4: 
e002414.

33. Melchiorre K, Sutherland GR, Watt-Coote 
I, Liberati M, Thilaganathan B. Severe 
myocardial impairment and chamber 
dysfunction in preterm preeclampsia. 
Hypertens Pregnancy 2012; 31: 454–471.

34. Melchiorre K, Sutherland GR, Liberati M, 
Bhide A, Thilaganathan B. Prevalence of 
maternal cardiac defects in women with 
high-resistance uterine artery Doppler 
indices. Ultrasound Obstet Gynecol 2011; 
37: 310–316.



Uteroplacental Doppler flow and pregnancy outcome in women with Tetralogy of Fallot

2

41   

35. van Deursen VM, Damman K, Hillege HL, 
van Beek AP, van Veldhuisen DJ, Voors 
AA. Abnormal liver function in relation 
to hemodynamic profile in heart failure 
patients. J Card Fail 2010; 16: 84–90.

36. Damman K, van Deursen VM, Navis G, 
Voors AA, van Veldhuisen DJ, Hillege HL. 
Increased central venous pressure is 
associated with impaired renal function 
and mortality in a broad spectrum of 
patients with cardiovascular disease. J 
Am Coll Cardiol 2009; 53: 582–588.

37. Aardema MW, Oosterhof H, 
Timmer A, van Rooy I, Aarnoudse 
JG. Uterine artery Doppler flow and 
uteroplacental vascular pathology in 
normal pregnancies and pregnancies 
complicated by pre-eclampsia and small 
for gestational age fetuses. Placenta 
2001; 22: 405–411.

38. Pijnenborg R, Anthony J, Davey DA, Rees 
A, Tiltman A, Vercruysse L, van Assche 
A. Placental bed spiral arteries in the 
hypertensive disorders of pregnancy. Br 
J Obstet Gynaecol 1991; 98: 648–655.

39. Verlohren S, Melchiorre K, Khalil A, 
Thilaganathan B. Uterine artery Doppler, 
birth weight and timing of onset of 
pre-eclampsia: providing insights into 
the dual etiology of late-onset pre-
eclampsia. Ultrasound Obstet Gynecol 
2014; 44: 293–298.

40. GyselaersW, Peeters L. Physiological 
implications of arteriovenous 
anastomoses and venous hemodynamic 
dysfunction in early gestational uterine 
circulation: a review. J Matern Fetal 
Neonatal Med 2013; 26: 841–846.




	Chapter 2



