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ABSTRACT
Objective Patients with tetralogy of Fallot (TOF) have high 
survival rates 30 years after surgical repair. Many patients 
experience pregnancy; however, the effects of pregnancy 
on the long- term cardiovascular outcome are not well 
known. We investigated the association of pregnancy and 
cardiac function with occurrence of ventricular arrhythmia 
(VA) in women with TOF.
Methods We recruited 80 women with repaired 
TOF from the national database. Holter monitoring or 
implanted devices detected VA, defined as non- sustained 
or sustained ventricular tachycardia or aborted cardiac 
arrest. All patients underwent echocardiography. Blood 
tests included NT- proBNP (N- terminal pro- brain natriuretic 
peptide).
Results 55 (69%) women had experienced pregnancy. 
Mean age was lower in nulliparous compared with those 
with children (30±9 vs 40±9, p<0.01).
VA had occurred in 17 (21%) women. Prevalence of VA 
was higher in women who had experienced pregnancy 
(n=16, 94%) compared with nulliparous (n=1, 6%) 
(p=0.02), also when adjusted for age (OR 12.9 (95% CI 1.5 
to 113.2), p=0.02).
Right ventricular mechanical dispersion was more 
pronounced in patients with VA (50±8 ms vs 39±14 ms, 
p=0.01, age- adjusted OR 2.1 (95% CI 1.3 to 7.5), p=0.01). 
NT- proBNP was also a marker of VA (211 ng/L (127 to 836) 
vs 139 ng/L (30 to 465), p=0.007). NT- proBNP >321 ng/L 
(normal values <170 ng/L) detected women with VA 
(p=0.019), also independent of age (OR 7.2 (95% CI 1.7 to 
30.1), p=0.007).
Conclusion Pregnancy was associated with higher 
prevalence of VA among women with TOF. Right ventricular 
mechanical dispersion and NT- proBNP were age- 
independent markers of VA. These may have importance 
for pregnancy counselling and risk stratification.

INTRODUCTION
Tetralogy of Fallot (TOF) is one the most 
common cyanotic congenital heart diseases. 
In the present era of cardiac surgery, patients 
with TOF enjoy a satisfactory quality of life 
and a survival rate of about 93% 20 years 
after corrective surgery, 80% 30 years after 
repair1 2 and 72% after 40 years.3 The most 

common cause of death in patients with 
surgically corrected TOF is sudden cardiac 
death (49%), heart failure (27%) and coro-
nary artery disease (6%).3 4

The high risk of arrhythmias in patients 
with TOF is well known and documented in 
previous large studies.3 4 The risk stratifica-
tion is currently mostly based on 12- lead ECG 
with QRS duration >180 ms and QRS rate 

Key questions

What is already known about this subject?
 ► Previous studies showed a higher risk of arrhyth-
mias in patients operated on for tetralogy of Fallot, 
with 12- lead ECG as the main tool used for risk 
stratification.

 ► Other studies that investigated the short- term out-
come of pregnancy in women operated on for te-
tralogy of Fallot indicated a higher prevalence of 
ventricular and supraventricular arrhythmias, heart 
failure and right ventricular dilation.

What does this study add?
 ► This study provides an insight on the influence of 
pregnancy on the long- term outcome in women cor-
rected for tetralogy of Fallot.

 ► Our investigation showed that pregnancy was asso-
ciated with higher prevalence of ventricular arrhyth-
mias in women operated on for tetralogy of Fallot, 
independently of age.

 ► Furthermore, our study showed that higher values 
of right ventricular mechanical dispersion and N- 
terminal pro- brain natriuretic peptide (NT- proBNP) 
were age- independent risk markers of ventricular 
arrhythmias.

How might this impact on clinical practice?
 ► The knowledge about association between preg-
nancy and higher risk of ventricular arrhythmias 
might become important in preconceptional coun-
selling of those patients.

 ► NT- proBNP and right ventricle mechanical disper-
sion might become parameters to consider in risk 
stratification in patients operated on for tetralogy of 
Fallot.
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change as risk markers of sudden cardiac death; pulmo-
nary regurgitation and older age at repair are associated 
with adverse cardiac events.4 However, risk stratification 
is insufficient and better methods are warranted. Myocar-
dial deformation indices have recently shown to be useful 
in risk stratification in patients with TOF.5

Most of the patients with TOF reach adulthood, and 
consequently many female patients want to give child-
birth. During normal pregnancy, the cardiovascular 
system adapts to the metabolic needs of mother and 
fetus in order to adequately perfuse tissues with oxygen-
ated blood by increasing cardiac output by 30%–50%, 
increasing heart rate by 10–20 beats per minute and 
decreasing peripheral vascular resistance by 30%.6 
Myocardial contractility in normal pregnancy has been 
found altered in some studies but not in other.7 8 The 
impact of these haemodynamic and myocardial changes 
during pregnancy in women operated on for TOF are 
still not well known.

Several studies have focused on short- term outcome of 
pregnancy in women with TOF and indicated a higher 
rate of cardiovascular events, including ventricular and 
supraventricular arrhythmias,9 heart failure and progres-
sive right ventricular (RV) dilation.10 However, it is not 
known if the pregnancy- induced cardiovascular alter-
ations influence long- term cardiovascular outcome. 
Importantly, no previous studies have investigated the 
association of pregnancy in the general risk stratification, 
in particular on the occurrence of ventricular arrhyth-
mias (VAs).

The aim of our study was to investigate the influence 
of one or more pregnancies on cardiac function and 
occurrence of VA in women corrected for TOF. We 
hypothesised that the prolonged haemodynamic stress of 
pregnancy is associated with adverse outcome in patients 
with TOF, including VA and heart failure.

METHODS
Study population
We included patients diagnosed for TOF recruited 
from our centre’s patient GUCH registry. This database 
included all patients followed at Oslo University Hospital, 
Rikshospitalet, Norway from 1953 to 2017.

We selected female patients >18 years of age who had 
been previously corrected for TOF; 80 patients were 
contacted with an information letter. We recruited 
patients with all forms of surgical repair, including those 
who had undergone a palliative operation as Waterstone 
or Blalock- Taussig shunt some months or years prior to 
surgical correction. Patients with history of pregnancy 
were recruited only if delivery had occurred at least 
1 year prior to inclusion. Patients unable to give informed 
consent and patients with delivery occurred <1 year of 
time were excluded.

All patients approached to be involved in the study 
agreed to participate. Most patients agreed to the direct 
inclusion and underwent a structured study protocol, 

while the remaining subjects who chose not to participate 
to the active recruitment consented to the use of registry 
data within 3 years (2015–2017). All participants gave 
written informed consent. Medical records and echo-
cardiographic exams available in the hospital electronic 
medical record system were reviewed. The study complied 
with the Declaration of Helsinki and was approved by the 
Regional Committees for Medical Research Ethics (refer-
ence number 2017/383).

This research was conducted without patient involve-
ment in the study design, interpretation of results 
and writing this manuscript. The research project was 
presented to the Norwegian Association of Adults with 
Congenital Heart Diseases (VMH, Voksne med medfødt 
hjertefeil) prior to the initiation.

Electrocardiography and arrhythmias
An ECG and 24- hour Holter monitoring was obtained in 
all participants at the same visit as the echocardiographic 
examination. The history of VA was assessed from ECG, 
24- hour Holter registration and implantable cardioverter- 
defibrillator (ICD) monitoring.

We considered clinically relevant VA as non- sustained 
ventricular tachycardia (NSVT), defined as consecutive 
runs of ≥3 ventricular beats >100 beats/min for <30 s; 
sustained ventricular tachycardia (SVT), defined as runs 
of consecutive ventricular beats >100 beats for >30 s,11; 
ventricular fibrillation (VF), appropriate therapy from an 
ICD; and aborted cardiac arrest (CA). We recorded age at 
first documented arrhythmic event.

Cardiopulmonary exercise test
All patients included in the study had undergone a 
cardiopulmonary exercise test, either during the active 
recruitment or during their annual follow- up at GUCH 
outpatient clinic. The exercise stress test was performed 
on a bicycle ergometer using Bruce protocol.12 Oxygen 
saturation, heart rate and 12- lead ECG were continuously 
recorded, and cuff blood pressure was measured every 
second minute.

Echocardiographic study
The echocardiographic study was performed on a Vivid 
E95 (GE Healthcare, Horten, Norway) and data were 
analysed off- line (EchoPAC V.201; GE Healthcare).

From 2D echocardiography, we assessed proximal 
right ventricular outflow tract (RVOT) diameter in the 
parasternal short axis view, and right ventricular (RV) 
basal diameter and right ventricular fractional area 
change (RVFAC) in the RV focused four- chamber view.13 
Regional RV akinesia and/or dyskinesia were detected in 
parasternal long- axis or short- axis view and RV focused 
four- chamber view.

Left ventricular (LV) ejection fraction was calculated 
by the modified Simpson’s biplane method.14 Myocar-
dial function was further assessed by global longitudinal 
strain (GLS) using speckle tracking technique,15 at frame 
rates between 80 and 100/s. RV longitudinal strain was 
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defined as an average peak negative systolic longitudinal 
strain from six RV segments.16 17 LV global longitudinal 
strain was defined as the average of peak systolic negative 
longitudinal deformation/strain from a 16- segment LV 
model.15

Mechanical dispersion, which is defined as the SD of 
the time interval from onset of the Q/R wave in the ECG 
to the peak negative longitudinal strain in 6 RV and 16 
LV segments, was calculated as a measure of contraction 
heterogeneity.17

Pulmonary valve stenosis and pulmonary valve regurgi-
tation of moderate to severe grade were also assessed and 
considered.

Biochemistry
Blood tests included N- terminal pro- brain natriuretic 
peptide (NT- proBNP) measurement, with reference 
values <170 ng/L. NT- proBNP concentration in plasma 

were assayed on a Modular platform (Roche Diagnostics, 
Basel, Switzerland).

Statistical analysis
Statistical analysis was performed by using IBM SPSS V.25. 
Data are presented as mean±SD or median with range, 
as appropriate. Comparisons of continuous data were 
performed by the unpaired Student’s t- test or Mann- 
Whitney U test, or by the ANOVA F- test and the Bonfer-
roni post hoc correction when more than two groups 
were compared. Categorical variables were compared by 
the χ2 test or Fisher’s exact test as appropriate. The odd 
of VA in patients with previous pregnancy versus those 
without pregnancy was assessed by logistic regression, 
and the effect of increasing number of pregnancies was 
analysed separately. Multivariable logistical regression was 
performed retaining covariates of interest from univari-
able analyses, after controlling for multicollinearity. We 

Table 1 Clinical characteristics and echocardiographic parameters in female patients corrected for TOF grouped by parity

TOF
n=80

TOF without children
(n=25)

TOF with children
(n=55) P value

OR
(95% CI) P value

Age, years 37±10 30±9 40±9 <0.01

Height, cm 165±7 165±7 165±7 0.96

Weight, kg 68±13 67±11 69±13 0.53

HR, bpm 69±13 73±10 67±13 0.07

Transannular patch (%) 30 (37) 11 (44) 19 (36) 0.53

SBP, mm Hg 116±11 115±9 117±12 0.59

DBP, mm Hg 71±10 72±8 70±11 0.50

QTc duration, ms 460±31 460±29 460±32 0.96

Exercise capacity, W 131±27 127±24 132±28 0.53

NYHA class 1 (1–3) 1 (1–3) 1 (1–3) 0.11

NT- ProBNP, ng/L 174 (30–836) 110 (30–372) 198 (49–836) 0.11

QRS duration, ms 132 (82–174) 124 (86–162) 134 (82–174) 0.62

RV EDV, mL 21.7±4.6 20.5±4.8 21.9±4.0 0.18

RV ESV, mL 11.3±2.9 10.8±2.9 11.3±2.7 0.52

RV FAC, % 47.8±7.2 47.1±7.4 48.1±7.3 0.58

RV D3, cm 7.3±0.7 7.1±0.7 7.4±0.7 0.03 2.1 (1.1 to 4.3) 0.04

PV vel, m/s 1.9±0.6 1.9±0.7 1.9±0.5 0.91

Mod- sev PV reg 14 (17%) 5 (22%) 9 (16%) 0.48

LV MD, ms 43.3±14 41.4±10 45.3±10 0.4

LV GLS, % −18.9±3.3 −19.2±3.1 −17.5±3.6 0.1

RV MD, ms 42±13 38±12 43±14 0.1

RV GLS, % −19.1±4.1 −19.7±4.1 −18.3±4.1 0.28

RVOT, cm 2.9±0.5 2.9±0.4 3.1±0.6 0.31

LVEF, % 55±8 56±8 54±8 0.39

Data are presented as mean±SD or median with range, as appropriate; p value from Student’s t- test, Mann- Whitney U or χ2 test as 
appropriate, and multivariable logistic regression adjusted for age.
DBP, diastolic blood pressure; EDV, end- diastolic volume; ESS, end- systolic strain; ESV, end- systolic volume; GLS, global longitudinal 
strain; HR, heart rate; LV, left ventricular; LVEF, left ventricular ejection fraction; MD, mechanical dispersion; NT- proBNP, N- terminal 
pro- brain natriuretic peptide; NYHA, New York Heart Association classification; PV, pulmonary valve; RV, right ventricular; RV D3, right 
ventricular longitudinal diameter; RV FAC, right ventricular fractional area change; RVOT, right ventricular outflow tract; SBP, systolic 
blood pressure; TOF, tetralogy of Fallot; VA, ventricular arrhythmia.
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adjusted for age using logistic regression, having preg-
nancy and age at arrhythmic event used as covariates in 
the logistic regression analysis. We used Akaike’s informa-
tion criterion (AIC) to assess overfitting by the tradeoff 
of added complexity and precision in the regression 
models, and increasing values suggested inferior models. 
The optimal threshold of NT- proBNP to detect VA was 
assessed using a single threshold regression (STATA SE 
V.15.1; StataCorp, Texas, USA). By Kaplan- Meier curves, 
we showed the incidence of VA according to this. P values 
≤0.05 were considered statistically significant.

RESULTS
Clinical characteristics
We included 80 female patients corrected for TOF 
recruited from our centre’s patient GUCH registry, of 
which 55 participated in active recruitment and 25 gave 
consent to the use of registry data.

In all, 55 (69%) women had experienced pregnancy 
(age 40±9 years, median parity 1, range 1–4), while 25 
(31%) were nulliparous. Mean age was lower in nullip-
arous women compared with those with children (31±9 
years vs 40±9 years, p<0.01). Nineteen mothers had 1 
child, 28 had 2 children and 8 had >2 children.

Use of transannular RVOT reconstruction with patch as 
corrective surgery was registered in 30 patients, of which 
11 (44% of 25 patients) were nulliparous and 19 (36% 
of 55 patients) had experienced pregnancy (p=0.53, 
table 1). Information on type of surgery was not available 
for three patients.

Electrocardiography, exercise capacity and arrhythmias
VA had occurred in 17 (21%) women, and was more 
prevalent in women who had experienced pregnancy 
compared with nulliparous (n=16 (94%) vs n=1 (6%), 
p=0.02).

Of the 17 women with VA, 9 had NSVT detected at 
24- hour Holter monitoring, while 8 had clinical events as 
consequence of VT or VF/CA. Among the nine patients 
with NSVT, in three of them the presence of inducible 
VT was confirmed by electrophysiological study; those 
patients underwent subsequently ICD implantation.

Due to suspected confounding, we adjusted for age at 
event using logistic regression. Importantly, VA was more 
prevalent in women with children also when adjusted for 
age at arrhythmic event (OR 12.9 (95% CI 1.5 to 113.2), 
p=0.02) (table 1, figure 1). All arrhythmic events occurred 
after pregnancy, with the exception of one patient who 
received ICD implantation in her mid- twenties due to 
symptomatic sustained ventricular tachycardia. About 
5 years after ICD implantation, this patient became 
pregnant and delivered without any reported complica-
tions. The prevalence remained statistically significant 
also when this patient was excluded from the statistical 
analysis (p=0.01, OR 11.3 (95% CI 1.3 to 99.5), p=0.02 
adjusted for age at the arrhythmic event).

There was a trend of increasing odds of VA for every 
additional pregnancy, but this model had signs of overfit-
ting (OR 1.6 (95% CI 0.9 to 2.7), p=0.06, AIC increased 
from 79 to 83) (table 2).

Mean age was similar between patients with and without 
VA (40±9 years vs 36±9 years, p=0.08, table 3).

ECG QRS width did not differ between nulliparous and 
women with children (table 1) and was not associated 
with VA (table 3). There were no differences in exercise 
capacity (127±24 W in nulliparous vs 132±28 W in women 
with children, p=0.53).

RV and LV function and morphology
We did not observe any difference in RV end- diastolic 
and end- systolic volumes, fractional area change and the 
RV outflow tract dimension, as well as in pulmonary valve 
stenosis and regurgitation grade and in LV parameters, 
including strain and mechanical dispersion, in women 
who had experienced pregnancy (table 1) compared 
with nulliparous women. The longitudinal diameter of 
the RV (D3) was, however, greater in women who had 
been pregnant (p=0.03, table 1).

RV mechanical dispersion was significantly higher in 
patients with VA (0.050±0.008 s vs 0.039±0.014 s, p=0.009), 
also when adjusted for age at VA (OR 2.1 (95% CI 1.3 to 
7.5), p=0.01) and age at echocardiography (OR 5.7 (95% 
CI 3.5 to 9.2), p=0.03) (table 3). Other parameters of left 
and right ventricular function or diameters did not differ 
between women with and without VA.

NT- proBNP and RV mechanical dispersion had a very 
weak correlation (p=0.02, with R2 0.082). NT- proBNP 
was higher and above reference value in patients with VA 
(211 ng/L (127 to 836) vs 139 ng/L (30 to 465), p=0.007), 
and remained as a significant marker of VA when adjusted 
for age (adjusted OR 1.4 (95% CI 1.1 to 1.7) by 50- unit 
increments, p=0.009). Threshold regression suggested an 
optimal differentiation level of NT- proBNP of 321 ng/L. 
Kaplan- Meier survival analyses showed better freedom 

Figure 1 Pregnancy and risk of ventricular arrhythmias. 
Prevalence of VA was higher in female patients corrected for 
TOF with history of pregnancy, also when adjusted for age at 
arrhythmic event. The red coloured segments of two columns 
show that VA was significantly more represented in women 
who had experienced pregnancy compared with nulliparous. 
TOF, tetralogy of Fallot; VA, ventricular arrhythmia.
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from VA in those with NT- proBNP below the value 
321 ng/L (figure 2).

DISCUSSION
This is the first larger study exploring the relationship 
between pregnancy and outcome in women corrected 
for TOF. We showed that pregnancy was associated with 
adverse long- term outcome, with higher prevalence of 
VA in patients who had experienced pregnancy inde-
pendently of age. Importantly, our study showed that 
also a heterogeneous RV contraction pattern and higher 
values of NT- proBNP were associated with VA.

Pregnancy and ventricular arrhythmia
Our findings indicated that pregnancy relate to a 
higher incidence of VA. One of the main concerns and 

complication that occurs during adult life of patients 
with TOF is the incidence of VA, which is often the main 
cause behind sudden cardiac death.3 4 Several previous 
studies investigate the short- term outcome of pregnancy 
in women with TOF, showing a higher incidence of cardi-
ovascular events during pregnancies, including mainly 
(supra) VA,9 heart failure and progressive RV dilatation.10 
Predictors of complications were the use of cardiac medi-
cation before pregnancy,9 LV dysfunction, severe pulmo-
nary hypertension and severe pulmonic regurgitation 
with RV dysfunction.10 Occurrence of NSVT with hypo-
tension and sinus bradycardia of pregnant woman with 
repaired TOF has also been described.18 LV dysfunction 
and pulmonic valve stenosis and/or regurgitation were 
not associated with higher prevalence of arrhythmias in 
our study.

Table 2 Clinical characteristics and echocardiographic parameters in female patients corrected for TOF grouped by number 
of pregnancies

0
pregnancy n=25 
(31%)

1
pregnancy n=19 
(24%)

>1
pregnancy n=36 
(45%) P value

OR
(95% CI) P value

Age, years 29±10 38±11 40±7 <0.01

Height, cm 165±7 166±4 165±7 0.55

Weight, kg 67±11 63±6 69±15 0.55

HR, bpm 73±10 63±13 67±13 0.23

SBP, mm Hg 115±9 111±14 117±10 0.84

DBP, mm Hg 71±7 65±10 71±11 0.39

QTc duration, ms 460±30 458±30 462±33 0.83

Exercise capacity, W 127±24 131±25 133±29 0.82

NYHA class 1 (1–3) 1 (1–2) 1 (1–3) 0.53

NT- ProBNP, ng/L 109 (30–372) 177 (110–836) 126 (49–558) 0.50

QRS duration, ms 124 (86–162) 148 (94–174) 134 (82–172) 0.69

TOF with VA (n=17) 1 (4%) 6 (31%) 10 (28%) 0.04 2.4 (1.1 to 5.4) 0.03

RV EDV, mL 20.5±4.8 22.8±4.8 21.7±4.1 0.25

RV ESV, mL 10.8±2.9 12.1±3.7 11±2.1 0.33

RV FAC, % 47±7 46±8 49±6 0.46

RV D3, cm 7.0±0.7 7.6±0.9 7.3±0.6 0.05

PV vel, m/s 1.9±0.7 2.0±0.5 1.8±0.5 0.65

Mod- sev PV reg 5 (22%) 3 (15%) 9 (25%) 0.76

LV MD, ms 41±10 45±11 45±16 0.59

LV GLS, % −19.0±3.0 −18.8±3.6 −18.7±3.2 0.95

RV MD, ms 38±12 43±16 43±13 0.41

RV GLS, % −19.2±5.0 −18.1±3.8 −19.4±3.2 0.54

RVOT, cm 2.9±0.3 3.2±0.5 2.8±0.5 0.07

LVEF, % 57±7 56±9 54±8 0.39

Data are presented as mean±SD or median with range, as appropriate; p value from Student’s t- test, Mann- Whitney U, χ2 test or 
ANOVA as appropriate, and multivariable logistic regression adjusted for age.
DBP, diastolic blood pressure; EDV, end- diastolic volume; ESS, end- systolic strain; ESV, end- systolic volume; GLS, global longitudinal 
strain; HR, heart rate; LV, left ventricular; LVEF, left ventricular ejection fraction; MD, mechanical dispersion; NT- proBNP, N- terminal 
pro- brain natriuretic peptide; NYHA, New York Heart Association classification; PV, pulmonary valve; RV, right ventricular; RV D3, right 
ventricular longitudinal diameter; RV FAC, right ventricular fractional area change; RVOT, right ventricular outflow tract; SBP, systolic 
blood pressure; TOF, tetralogy of Fallot; VA, ventricular arrhythmia.
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A recent study showed no deleterious effects of preg-
nancy on RV volumes and aortic dimensions using 
cardiovascular magnetic resonance (CMR) measured 
before and at least 6 months after pregnancy in women 
with repaired TOF.19 In contrast, another study observed 
an accelerated rate of RV remodelling with an increase 
in RV end- diastolic volume measured by CMR after preg-
nancy, without deterioration of the RV systolic function.20 
Echocardiography in our study did not detect any clear 
change in the dimension of the RV after pregnancy; with 
all the limitations connected to the use of echocardiog-
raphy compared with CMR, which is currently the gold 
standard for volumetric measurements, our findings 
suggest that pregnancy has no significant effects on RV 

function and dimensions that are easily detectable with 
echocardiography.

Risk markers of VA
TOF is so far been perceived to be predominantly RV 
disease. In our study, none of the measures of LV were 
associated with VA. Mechanical dispersion in the LV 
has been shown to be a powerful marker of ventricular 
arrhythmias in previous studies.21 22

In our study, a longer QRS duration did not relate to VA 
in patients corrected for TOF, as previously showed in other 
studies, where a QRS duration >180 ms was a risk marker of 
cardiac event.4 In a similar way, pulmonary regurgitation 
was not associated with VA. Only a low percentage of our 

Table 3 Comparisons of female patients corrected for TOF without and with history of VA, and markers for VA adjusted for 
age

TOF without VA n=63 
(79%)

TOF with VA n=17 
(21%) P value

OR
(95% CI) P value

Age, years 36±9 40±9 0.08

Height, cm 165±7 166±9 0.81

Weight, kg 68±13 63±10 0.25

History of pregnancy, n (%) 39 (61) 16 (94) 0.02 13 (1.5 to 113.2) 0.02*

HR, bpm 68±11 62±8 0.13

SBP, mm Hg 115±11 115±13 0.98

DBP, mm Hg 68±9 71±12 0.44

QTc duration, ms 458±31 450±27 0.52

Exercise capacity, W 125±25 140±26 0.13

NYHA class 1 (1–3) 1 (1–2) 0.66

NT- proBNP, ng/L 139 (30–465) 211 (127–836) 0.007 1.4 (1.1 to 1.7) 0.017*

QRS duration, ms 135 (82–174) 133 (86–152) 0.45

RV EDV, mL 21.1±4.1 22.7±3.6 0.16

RV ESV, mL 11.1±2.6 11.8±2.5 0.33

RV FAC, % 47±7 47±8 0.93

RV D3, cm 7.3±0.7 7.4±0.7 0.54

PV vel, m/s 1.9±0.6 1.8±0.4 0.39

Mod- sev PV reg 12 (19%) 2 (12%) 0.47

LV MD, ms 43±13 48±16 0.24

LV GLS, % −19.2±3.1 −17.5±3.6 0.10

RV MD, ms 39±14 50±8 0.009
0.016

2.1 (1.3 to 7.5)
5.7 (3.5 to 9.2)

0.01*
0.03†

RV GLS, % −19.7±4.1 −18.3±4.1 0.28

RVOT, cm 2.9±0.4 3.1±0.6 0.31

LVEF, % 56±9 54±8 0.39

Data are presented as mean±SD or median with range, as appropriate; p value from Student’s t- test or Mann- Whitney U test as appropriate, 
and multivariable logistic regression.
*Adjusted for age at VA.
†Adjusted for age at echocardiography.
DBP, diastolic blood pressure; EDV, end- diastolic volume; ESS, end- systolic strain; ESV, end- systolic volume; GLS, global longitudinal 
strain; HR, heart rate; LV, left ventricular; LVEF, left ventricular ejection fraction; MD, mechanical dispersion; NT- proBNP, N- terminal pro- brain 
natriuretic peptide; NYHA, New York Heart Association classification; PV, pulmonary valve; RV, right ventricular; RV D3, right ventricular 
longitudinal diameter; RV FAC, right ventricular fractional area change; RVOT, right ventricular outflow tract; SBP, systolic blood pressure; 
TOF, tetralogy of Fallot; VA, ventricular arrhythmia.
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patients had moderate to severe pulmonary regurgitation 
(table 3); the longest QRS duration measured in our cohort 
was 172 ms, which was lower than the cut- off value previously 
showed.4 Differences between patient populations might be 
due to a relatively young and healthy population in our study 
and may explain the different results.

Greater longitudinal diameter of the RV (D3) was the 
only conventional echocardiographic parameter that was 
significantly higher in mothers compared with nullipa-
rous. This result was not confirmed by further analysis 
comparing nulliparous women with women with only 
one pregnancy, indicating no obvious remodelling of the 
RV during pregnancy. Our results partially support the 
results from a previous study,19 using CMR as the main 
diagnostic method and showing that pregnancy was not 
associated with a significant deterioration in RV volume.

RV mechanical dispersion was associated with VA, also 
when adjusted for age at VA event and age at echocardi-
ography. RV mechanical dispersion was associated with 
VA, also when adjusted for age at VA event and age at 
echocardiography. RV mechanical dispersion has not 
previously been reported as a marker of VA in patients 
with TOF, but has been reported in other cardiac diseases 
affecting the RV such as arrhythmogenic right ventric-
ular cardiomyopathy.17 23 A variable grade of electrome-
chanical dyssynchrony is expected after surgical repair in 
TOF, manifesting as prolonged QRS duration and right 
bundle branch block at EKG.24 Furthermore, higher RV 
mechanical dispersion values have been reported in TOF 
after surgical repair, reflecting electromechanical dyssyn-
chrony severity and the underlying pathophysiology.25 
Our study and the previous ones concur in showing that 
surgical repair is followed by a more severe grade of elec-
tromechanical dyssynchrony, manifesting with higher RV 
strain and mechanical dispersion, and giving higher risk 
of VA. These finding is also in line with previous reports 
showing RV mechanical dispersion, possibly reflecting 
myocardial fibrosis as a marker of VA in patients with 
arrhythmogenic right ventricular cardiomyopathy.23 26

NT- proBNP was a marker of VA independent of age. In 
particular, values of NT- proBNP >321 ng/L (upper limit of 
170 ng/L) related to a higher odds of VA, and every 50- unit 
increment of NT- proBNP increased the odds of VA by 40%. 
A systematic review of 49 other studies showed that BNP 
levels were elevated and correlated significantly with RV end- 
diastolic dimensions and severity of pulmonary valve regur-
gitation in patients corrected for TOF.27 Our study supports 
the relation between NT- proBNP levels and incidence of 
arrhythmias, which may indicate that this parameter can be 
helpful in future evaluation of patients corrected for TOF.

Clinical implications
Importantly, this study suggests that number of pregnan-
cies was associated with risk of VA in patients corrected 
for TOF. This information should be validated in future 
studies since this is of uppermost importance in precon-
ception counselling of these patients.

Assessment of NT- proBNP together with RV mechanical 
dispersion might become useful parameters to consider 
in the VA risk stratification of patients operated for TOF.

Study limitations
This was a cross- sectional study with retrospective adjudi-
cation of outcome with associated limitations. We cannot 
derive causal inference. The patient population included 
in our study consists of a limited number of cases at a rela-
tively young age. Among all patients, only one of them 
had severe ventricular arrhythmias without previously 
experiencing pregnancy. For this reason, there was a wide 
CI for the OR. The effect size should be interpreted with 
caution, and the test merely suggests that the odds for 
adverse outcome increased. In the same way, assessment 
of the impact of number of pregnancies was less robust 
than analysis grouping all women with previous preg-
nancy. Nulliparous women were significantly younger 
than mothers. A possible cause for the lower prevalence 
of VA registered in nulliparous women operated for TOF 
could be that cardiac remodelling and consequently risk 
of arrhythmias is progressive and it might increases with 
age. Importantly, age and pregnancy are closely related 
to each other, as parity inevitably follows age. Although 
we adjusted our statistical analyses for the differences 
in age, it is impossible to separate those two characteris-
tics completely. Patients with more pronounced cardiac 
disease in the present study were more likely to have 
implantable cardiac devices, and many of these were not 
eligible for cardiac MRI. Therefore, the subgroup eligible 
for MRI represented a non- representative selection that 
was not included in the present analysis. This study was 
not designed to include CMR data, as only a subset of 
patients had CMR data due to contraindications or to 
personal reasons. Future studies should include CMR 
providing the most robust RV data in patients with TOF.

CONCLUSIONS
History of pregnancy was associated with higher preva-
lence of VA among women with surgically corrected TOF. 

Figure 2 NT- proBNP and risk of ventricular arrhythmias. 
Kaplan- Meier plot shows that NT- proBNP values >321 ng/L 
(normal values <170 ng/L) help with discrimination of female 
patients corrected for TOF with significantly higher risk of 
presenting VA, also when adjusted for age at arrhythmic 
event. NT- proBNP, N- terminal pro- brain natriuretic peptide; 
TOF, tetralogy of Fallot; VA, ventricular arrhythmia.
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The higher prevalence of severe ventricular arrhythmias in 
women, particularly after experienced pregnancy, may be of 
clinical importance despite the limited number of patients in 
this study. RV mechanical dispersion and NT- proBNP were 
also age- independent markers of VA. Larger and prospective 
studies are needed before we can advise against pregnancy in 
these patients. However, these important findings should be 
considered in risk stratification and pregnancy counselling of 
women operated on for TOF.
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GRAPHICAL ABSTRACT: Impact of pregnancy in tetralogy of Fallot (TOF).  

In a population of 80 surgically corrected TOF women, 55 had experienced pregnancy. Most 

of VA cases were found among TOF women with history of pregnancy, which was 

associated with higher prevalence of VA, independently of age at arrhythmic event. NT-

proBNP value >321 ng/L was also an age independent risk marker of VA. NT-proBNP=N-

terminal pro-brain natriuretic peptide; TOF=tetralogy of Fallot; VA=ventricular arrhythmias. 
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