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Abstract

Objectives: Pregnancy-related physiological adaptations result in increased heart rate as well as
electrocardiographic changes such as ameanQTc prolongation of 27ms. Pregnant womenwith
CHD are at increased risk for cardiovascular complications. The aim of this study was to
identify risk factors for abnormally prolonged QTc interval—a risk factor for ventricular
arrhythmias—in pregnant women with CHD.Material andmethod: Retrospective longitudinal
single-centre study. Pre-pregnancy demographic and electrocardiographic risk factors for
abnormal QTc duration during pregnancy of (a) > 460 ms and (b) >27 ms increase were
analyzed. Results: Eighty-three pregnancies in 63 women were included, of which three had
documented arrhythmias. All five Modified World Health Organization Classification of
Maternal Cardiovascular Risk (mWHO) classes were represented, with 15 pregnancies (18.1%)
in mWHO class I, 26 (31.3%) in mWHO II, 28 (33.7%) in mWHO II-III, 11 (13.3%) in mWHO
III, and three pregnancies (3.6%) in mWHO class IV. Heart rate and QTc interval increased,
while QRS duration and PR interval shortened during pregnancy. QTc duration of > 460 ms
was associated with increased pre-pregnancy QTc interval, QRS duration, and weight, as well as
body mass index. QTc increase of > 27 ms was associated with increased heart rate prior to
pregnancy. No significant associations of electrocardiographic changes with mWHO class or
CHD type were identified. Conclusion: Increased QTc in pregnant women with CHD was
associated with being overweight or having higher heart rate, QRS, or QTc duration prior to
pregnancy. These patients should be monitored closely for arrhythmias during pregnancy.

Advances in medical and surgical treatment of children with CHD have led to increased survival
into adulthood over the last decades.1 As a result, the population of adults with CHD has been
growing worldwide.2 Today, CHD is themost prevalent cause ofmaternal cardiac disease during
pregnancy.3 CHD is a heterogenous group with a wide variation of complexity and severity.2,3

Consequently, many forms of CHD allow a pregnancy with small to minimal risk for themother
and child, while women with other forms are at increased risk—sometimes even at prohibitively
high risk for the mother and unborn child.2–5 Cardiac risk prediction models for pregnant
women with heart disease in general have been developed.5–7 The Modified World Health
Organization Classification of Maternal Cardiovascular Risk (mWHO)model, which is thought
to be the most reliable, diagnoses are classified into five groups with risk predictions of
pregnancy ranging from low (2–5%) risk of maternal cardiac events to high (40–100%).5,8

Increased susceptibility to arrhythmias during pregnancy is thought to be a consequence of
altered ion channel conductance, as well as altered expression of sex hormones during
pregnancy.4,9–13 Although arrhythmias on 24-hour electrocardiographic Holter monitoring are
rare and generally benign in pregnant women without previous cardiac disease.13,14 Studies have
reported that cardiac arrhythmias account for about 0.17% of hospital admissions during
pregnancy.13 In spite of this, arrhythmias may be an important complication during pregnancy
of women with pre-existing cardiac disease and/or an already increased risk of arrhythmias.10

Patients with CHD are generally at increased risk for tachyarrhythmias.2 This can be caused
by factors such as scarring, altered myocardial structure, and ventricular dilation following
pressure/volume overload.10 Some may have additional risk factors for arrhythmias during
pregnancy, such as pre-existing heart failure, arrhythmias, transient ischaemic attack or
stroke.5,15–17 Additionally, some medications prolong the QT interval and thus elevate the risk
for ventricular arrhythmias.18 This makes arrhythmias a relevant complication for pregnant
women with CHD.10

As a result of increased metabolic demands and sympathetic activity during pregnancy, heart
rate increases in normal pregnancy by 15–25% starting early and peaking in the third
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trimester.19 Accordingly, the PR- and QT intervals as well as QRS
duration decrease, but remain within the normal range during a
normal pregnancy.14,20 As the QT interval decreases with increasing
heart rate, the reportedQT interval is usually reported as a function of
heart rate, the so-calledQTc.18 TheQTc is commonly calculated using
the Bazett’s formula [QTc=QT/RR0,5].18 Prolongation of the QTc is
associated with ventricular arrhythmogenesis and can predispose to
potentially fatal ventricular tachycardia.18 The upper limit of normal
for women is 460 ms.21 Interestingly, in women with long QT-
syndrome, pregnancy is associated with a decreased risk of cardiac
events. However, there is an increased risk for cardiac events during
the postpartum period.22

Previous studies have shown that QTc increases during
pregnancy without previous cardiac disease although remain within
the normal range.8,14,19,20 A study comparing QT and QTc intervals
between 40 pregnant and 40 non-pregnant women without previous
heart disease found a mean difference of 27 ms between QTc in the
two cohorts.8 In this study, the mean QTc in the pregnant group was
430ms compared to 403 in the non-pregnant group.8 A study on twin
pregnancy compared to single pregnancy reveals that QTc intervals
are longer andQTc prolongation ismore prevalent inwomenwho are
delivering twins.23

The aim of the study was to evaluate electrocardiographic
changes in pregnant women with CHD longitudinally (i.e. before,
during, and after pregnancy) in order to identify risk factors for
abnormally prolonged QTc, which is a risk factor for ventricular
arrhythmias. Our primary hypothesis was that women with CHD
have similar electrocardiographic changes during pregnancy as
what has been described for women without CHD. Our secondary
hypothesis was that QTc prolongation during pregnancy can be
predicted based on pre-pregnancy demographic and electrocar-
diographic factors.

Materials and methods

For this retrospective longitudinal cohort study, the study group
consisted of women with CHD who were pregnant and delivered
their babies at the maternity ward at Skånes Universitetssjukhus in
Lund between 2009 and 2021. The total cohort consisted of 162
pregnancies of 114 women. Inclusion criteria were an existing pre-
pregnancy electrocardiogram from the age of 18 years or older, as
well as at least one electrocardiogram during pregnancy. Patients
with a ventricular pacemaker were excluded. The final cohort
fulfilling the inclusion criteria consisted of 83 pregnancies. There
was no control group of patients without CHD. Demographic and
clinical data were collected retrospectively from the patients’
medical records.

The electrocardiograms analysed for the purpose of this study
were: 1. Themost recent electrocardiogram prior to pregnancy and
after the age of 18 (pre-pregnancy), 2. the last electrocardiogram of
each trimester during pregnancy and 3. the first electrocardiogram
within 4 weeks of delivery (post-pregnancy). Values for heart rate,
PR time, QRS duration, QT-time and QTc using the Bazett’s
formula were collected from the values obtained from the
automated electrocardiogram machine readings and checked
manually if abnormal. As electrocardiograms were recorded at
variable frequencies and intervals during pregnancy, the param-
eters chosen for analysis were the maximal recorded heart rate and
QTc and the minimal recorded PR interval and QRS duration—as
the former are known to increase and the latter are known to
decrease during pregnancy.

Statistical analyses were performed using IBM SPSS Statistics,
version 27 (IBM Corp, Armonk, New York, USA). Continuous
variables are presented as mean (standard deviation) and categorical
variables as number (per cent). Groups were compared using the
student t-test for independent samples, and changes during
pregnancy were analysed using t-test for paired samples.
Categorical variables were compared using the Chi square or
Fisher exact test as appropriate. If p for potential risk factors
was < 0.1, logistic regression was performed for that variable. In
addition, Pearson correlation analyses were carried out. P < 0.05
was the cut-off value for statistical significance.

This retrospective study was approved by the national Swedish
ethics committee (EPN #2021-01636). The need for informed
consent was waived.

Results

The study cohort consisted of 83 pregnancies in 63 patients who
met the inclusion criteria of having at least one available
electrocardiogram prior to pregnancy and one during pregnancy.
The baseline characteristics were mean age at delivery was
30.1 ± 5.0 years and the mean body mass index prior to pregnancy
was 23.9 ± 4.2kg/m2. All five mWHO classes were represented,
with 15 pregnancies (18.1%) in mWHO class I, 26 (31.3%) in
mWHO II, 28 (33.7%) in mWHO II-III, 11 (13.3%) in mWHO III,
and three pregnancies (3.6%) in mWHO class IV. The subsequent
study cohort included pregnancies with twenty-eight (34.1%)
simple shunt lesions, and 23 (28.0%) left-sided defects such as
mitral valve defects, aortic valve defects, and aortopathy. The study
included sixteen pregnancies (19.5%) with right-sided lesions such
as tetralogy of Fallot and pulmonary valve defects and fifteen
pregnancies (18.3%) with complex CHD (double outlet right
ventricle, transposition after mustard/senning repair, transposi-
tion after arterial switch repair, single ventricle, and coronary
artery anomaly). Thirteen (15.7%) were treated with medications
that have an antiarrhythmic effect during pregnancy, of which five
(6.0%) had no antiarrhythmic medication prior to pregnancy. One
woman was treated with only beta blockade and this woman had
arrhythmias during the pregnancy (see below). Another two
women had arrhythmias (see below) during pregnancy and were
both prescribed beta blockers, although one of these women also
was on Digoxin, Verapamil, or Flecainide at different times
throughout the pregnancy. The remaining 10 (12.1%) women were
treated with beta blockers for indications other than arrhythmias.
During the pregnancy, 17 (20.7%) experienced palpitations as a
symptom of possible arrhythmias, three (3.6%) had documented
arrhythmias, and two (2.4%) had pre syncope. There were no
deaths. Of the 83 study participants, 75 (90.2%) had normal left
ventricular function and seven (8.4%) had depressed systolic left
ventricular function defined as a systemic ventricular ejection
fraction of 50% or less at the first echocardiography during
pregnancy. These women had the following diagnoses: repaired
Tetralogy of Fallot with pulmonary insufficiency and peripheral
pulmonary artery stenosis, double-chambered right ventricle with
pulmonary stenosis, transposition of the great arteries following
Mustard/Senning procedures (n= 3), and mitral insufficiency due
to cleft or prolapse of the mitral valve (n= 2).

Eectrocardiographic changes during pregnancy

In 83 pregnancies, we had an available electrocardiogram prior to
pregnancy, 28 had an electrocardiogram during the first trimester
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of pregnancy, 66 during the second trimester, 54 during the third
trimester, and 75 patients post-pregnancy. Electrocardiogram
from all five occasions were available for only 14 pregnancies.
Of the 28 who had an electrocardiogram during the first trimester,
only seven had no other electrocardiogram during pregnancy.

There was a statistically significant increase in heart rate and
QTc as well as a decrease in PR-interval and QRS duration during

pregnancy (all p< 0.001) (Table 1). Post-partum, heart rate, QRS
duration, and QTc returned close to pre-pregnancy values, while
PR interval was significantly higher compared to pre-conception
(Figs. 1 and 2, Table 1). Similarly, the JTc (defined as the
QTc –ORS duration) increased during pregnancy (pre-conception
326.6 ± 27.1ms, pregnancy 340.9 ± 27.3ms, p< 0.001) and
returned to near baseline post-partum (330.8 ± 25.2ms, p= 0.152).

Figure 1. A and B: heart rate and QTc duration prior to, maximal during and post-pregnancy in women with CHD presented as mean with 95% CI. T-test for paired samples
comparing values during pregnancy with pre-pregnancy and post-pregnancy. * p values denoted statistical significance. Bpm = beats per minute.

Figure 2. Examples of a patient’s electrocardiographic (lead II). A and B: Electrocardiographic tracings taken pre-conception, during the third trimester of pregnancy, and
following pregnancy. Heart rate, as well as QT and QTc are shown below. C: Electrocardiographic tracing from a patient with an irregularly irregular rhythm due to atrial fibrillation
at a ventricular rate of 191 beats per minute.
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Risk factors for arrhythmias during pregnancy

The three women who experienced documented arrhythmias
during pregnancy had asymptomatic supraventricular tachycardia,
and atrial fibrillation or flutter, respectively (Fig. 2b). The
underlying diagnoses were a history of a shunting lesion (n= 2)
and double outlet right ventricle (n= 1). Logistic regression of
demographic and electrocardiogram parameters from the three
patients with confirmed arrhythmic events during pregnancy
revealed that increasing age (OR 1.76, CI:1.03–3.00, p= 0.037) as
well as maximal heart rate (OR:1.09, CI:1.00–1.18, p= 0.047) and
maximal QTc duration (OR:1.03, CI:1.00–1.05, p= 0.036) during
pregnancy were associated with documented arrhythmias. There
was no statistically significant association between documented
arrhythmias and weight, body mass index, or other electrocar-
diogram parameters. Given the low number of documented
arrhythmias in our cohort, these results need to be viewed with
caution.

Risk factors for QTc prolongation prior to pregnancy

On the last electrocardiogram prior to pregnancy, 12 (14%) had a
QTc > 460 ms and 71 (86%) did not. Logistic regression analyses
revealed that QTc prolongation > 460 ms prior to pregnancy was
associated with higher weight, body mass index, and QRS duration
(Table 2). Other demographic (including diagnosis and mWHO-
group, NYHA stage > 1 and reduced EF) and electrocardiographic

parameters were not associated with QTc prolongation over 460
ms at a statistically significant level (all p> 0.1, data not shown). Of
note, NYHA classification of 22 pregnancies was missing or
indeterminate due to comorbidities.

Risk factors for QTc prolongation > 460 ms during pregnancy

Next, pre-pregnancy predictors of QTc prolongation > 460 ms
during pregnancy were investigated (Table 3). The 17 (20%) who
had QTc > 460 ms during pregnancy had significantly longer QRS
duration as well as QTc prior to pregnancy. Amongst the patients
with QTc prolongation over 460 ms during pregnancy, 41.2% had
QTc prolongation over 460ms before pregnancy as well. There was
no statistically significant association of QTc > 460 ms during
pregnancy with CHD type, mWHO class, or maternal symptoms
during pregnancy (p > 0.1, data not shown). Women who had a
documented QTc during pregnancy had the following diagnoses:
Tetralogy of Fallot (n= 6), septal defect (n= 4), transposition of
the great arteries following arterial switch operation (n= 2),
double outlet right ventricle (n= 2), aortic valve disease (n= 2),
and atrioventricular septal defect (n= 1).

Logistic regression analyses confirmed that weight, body mass
index, pre-pregnancy QRS duration, and QTc were positively
associated with QTc of > 460 ms during pregnancy (Table 4).
Lastly, correlation analyses revealed strong positive correlations of
maximal pregnancy QTc with pre-pregnancy QRS and QTc
durations and moderate correlations with pre-pregnancy weight
and body mass index (Table 5).

Risk factors for more than average QTc prolongation during
pregnancy

Next, differences between the 49 (59%) women who experienced a
more than average QTc increase (defined as 27 ms) during
pregnancy and the 34 (41%) who did not were evaluated. Only pre-
pregnancy heart rate was higher in women who had a QTc increase
of> 27ms compared to pre-pregnancy QTc. In addition, there was
a trend towards higher weight. Again, there was no statistically
significant association with CHD type, mWHO class, or maternal
symptoms during pregnancy (p > 0.1).

Logistic regression analyses confirmed that heart rate pre-
pregnancy was positively associated with QTc increase > 27 ms
during pregnancy and that there was a trend towards an effect of
pre-pregnancy weight (Table 5). Lastly, correlation analyses
revealed a strong correlation between absolute QTc increase
during pregnancy and pre-pregnancy heart rate, and a trend

Table 1. Electrocardiographic changes during pregnancy in womenwith congenital disease. T-test for paired samples comparing pre-pregnancy electrocardiographic
parameters to those obtained during pregnancy and to those obtained following delivery. If multiple electrocardiograms were available during pregnancy, the
maximal values for heart rate and QTc and the minimum values for PR and QRS were used

Pre-pregnancy
Mean ± SD

Pregnant
Mean ± SD P Post-partum P

HR (bpm) 69.7 ± 10.4 83.5 ± 14.2 <0.001 71.4 ± 11.9 0.365

PR interval (ms) 150.3 ± 28.9 141.2 ± 22.5 <0.001 155.4 ± 31.2 0.016

QRS duration (ms) 105.4 ± 23.2 101.2 ± 22.5 <0.001 107.0 ± 23.8 0.224

QTc (ms) 432 ± 27.1 442.1 ± 33.0 0.001 437.8 ± 30.7 0.088

Bpm = beats per minute.

Table 2. Risk factors for QTc prolongation over 460 ms prior to pregnancy in
women with congenital disease evaluated with logistic regression

QTc pre-pregnancy>460 ms

OR (95% CI) P

Age at delivery (years) 0.96 (0.85–1.08) 0.477

Weight (kg) 1.08 (1.02–1.14) 0.007

BMI (kg/m2) 1.19 (1.05–1.36) 0.009

HR pre (bpm) 1.03 (0.97–1.10) 0.27

PR interval pre (ms) 1.00 (0.98–1.02) 0.690

QRS duration pre (ms) 1.06 (1.03–1.09) <0.001

Bundle branch block (QRS>120ms) 8.14 (2.14–30.94) 0.002

Weight = weight at enrolment in maternal health care in the beginning of the pregnancy;
BMI= body mass index; Pre = prior to pregnancy, Bpm = beats per minute.

Cardiology in the Young 1517

https://doi.org/10.1017/S1047951124000374 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951124000374


towards a weak-moderate correlation with weight and body mass
index (Table 5).

Subgroup analyses

Of the 83 pregnancies reported herein, 13 women had multiple
documented pregnancies. When including only the first documented
pregnancy, the results were unchanged (data not shown). We then
proceeded with a subgroup analysis of the 13 women with more than
one documented pregnancy, comparing the first and most recent

documented pregnancy with available electrocardiograms. None
of the electrocardiographic variables prior to, during and post-
pregnancy showed significant changes between pregnancies. As the
number of patients included is very small, the chance of a type 2 error
is high.

Discussion

Pregnant women with CHD have similar electrocardiographic
changes during pregnancy as previously reported for healthy
women. However, they may be more prone to develop abnormally
prolonged QTc during pregnancy, which constitutes a potential
risk for serious arrhythmias. The risk factors of having an increased
QTc during pregnancy in our cohort were increased body mass
index prior to pregnancy as well as having a higher QRS duration
or abnormal QTc on pre-conception electrocardiogram. In
addition, women with higher baseline heart rates appear to have
a higher QTc increase during pregnancy.

Importantly, the present study shows that increased body mass
index is a risk factor for QTc prolongation over 460 ms prior to
as well as during pregnancy. Previous studies comparing QTc
prolongation between obese versus non-obese women found
significantly longer QTc duration in obese women supporting the
present study’s finding of increased QTc duration in women with
higher pre-conception body mass index.24,25 As a consequence,
overweight women with CHD who are pregnant may be at
increased risk for arrhythmias. This adds to the overall increased

Table 3. Risk factors for QTc prolongation over 460 ms respectively QTc increase during pregnancy compared to prior to pregnancy over 27 ms in women with CHD

QTc > 460ms
Mean ± SD

or n(%) (n= 17)

QTc≤ 460ms
Mean ± SD

or n(%) (n= 66) P

QTc increase > 27ms
Mean ± SD or n(%)

(n= 49)

QTc increase ≤ 27ms
Mean ± SD or n(%)

(n= 34) P

Age at delivery (years) 28.4 ± 5.8 30.5 ± 4.8 0.122 30.4 ± 5.0 29.7 ± 5.1 0.514

BMI (kg/m2) 26.2 ± 5.9 23.4 ± 3.6 0.096 24.5 ± 5.0 23.3 ± 2.9 0.164

HR pre (bpm) 73.9 ± 10.0 68.6 ± 10.3 0.061 75.0 ± 9,0 62.0 ± 8.0 <0.001*

PR pre (ms) 156.5 ± 41.8 148.7 ± 24.6 0.324 149.5 ± 31.8 151.4 ± 24.5 0.767

QRS pre (ms) 126.4 ± 28.0 100.0 ± 18.5 0.002* 107.2 ± 24.8 102.8 ± 20.7 0.403

QTc pre (ms) 460.9 ± 30.1 424.5 ± 20.8 <0.001* 434.8 ± 29.3 427.9 ± 23.5 0.260

QTc pre>460ms 7 (41.2%) 5 (7.6%) 0.002* 7 (14.3%) 5 (14.7%) 1

BMI= body mass index; Pre = prior to pregnancy; Bpm = beats per minute.
*p values denote statistical significance.

Table 4. Odds ratio for risk factors for QTc > 460 ms or QTc increase > 27 ms during pregnancy in women with CHD evaluated with logistic regression

QTc preg max > 460ms QTc increase > 27ms

OR (95% CI) P OR (95% CI) P

Weight (kg) 1.06 (1.01-1.11) 0.026 1.04 (0.99-1.09) 0.087

BMI (kg/m2) 1.14 (1.01-1.29) 0.032 1.09 (0.96-1.23) 0.171

HR pre (bpm) 1.05 (1.00-1.11) 0.066 1.21 (1.11-1.33) <0.001*

QRS duration pre (ms) 1.05 (1.02-1.08) <0.001* 1.01 (0.99-1.03) 0.399

QTc pre (ms) 1.07 (1.03-1.11) <0.001* 1.01 (0.99-1.03) 0.260

Weight = weight at enrolment in maternal health care in the beginning of the pregnancy; BMI = body mass index; Pre = prior to pregnancy; bpm = beats per minute.
*p values denote statistical significance.

Table 5. Correlation analysis of the significant risk factors for QTc prolongation
from Table 3

QTc max during
pregnancy QTc Increase

R P R P

Weight (kg) 0.328 0.003* 0.198 0.081

BMI (kg/m2) 0.313 0.005* 0.195 0.087

HR pre (bpm) 0.166 0.133 0.667 <0.001*

QRS duration pre (ms) 0.602 <0.001 0.173* 0.118

QTc pre (ms) 0.589 <0.001* 0.111 0.319

R = Pearson correlation coefficient; Weight = weight at enrolment in maternal health care in
the beginning of the pregnancy; BMI = body mass index; Pre = prior to pregnancy; bpm =
beats per minute.
*p values denote statistical significance.
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risk for adverse pregnancy-related outcome of overweight and
obese women including miscarriage, intrapartum obstetrical
complications, prolonged labour, caesarean postpartum thrombo-
embolism, and future cardiometabolic diseases resulting from
weight retention after pregnancy among other things.26 Thus, we
propose that overweight or obese pregnant women with CHD
should be monitored carefully for perhaps asymptomatic but
potentially life-threatening arrhythmias.

The finding of a statistically significant increase in heart rate in
pregnant women with CHD is consistent with previous studies
showing elevated heart rate in healthy pregnancies as well as
pregnancies with maternal CHD in order to compensate for
increased oxygen demand.4,14 Previous studies have described that
heart rate elevation in pregnancy is due to sympathetic activation
as well as altered activity of ion channels controlling cardiac
pacemaker cells.14 With increased heart rate, the absolute QT
decreases in general as well as during normal pregnancies.13 Our
findings are consistent with this. In spite of this, an increase in QTc
during pregnancy even for women without cardiac disease has
been reported by studies that found a mean QTc difference of 27
ms in pregnant women compared to non-pregnant women.8

Nonetheless, QTc remains within the normal range in healthy
pregnant women.8 By contrast, the present study found QTc
prolongation above 460 ms during pregnancy in 17 (20.5%)
patients, which demonstrates that pregnant women with CHD
may be at increased risk for QTc prolongation above 460 ms. This
could predispose them to arrhythmic events.

The mean QTc prior to pregnancy was 432 ms in the present
study, compared to 403 ms in a study of healthy women.8

Therefore, a possible explanation for the higher maximal QTc in
pregnancy of women with CHD compared to healthy women
might be increased baseline QTc. A substantial number (n= 19,
22.9%) of women in our CHD cohort had a bundle branch block
pattern with a widened QRS complex (>120 ms) at baseline, which
contributed to an increased QTc (R= 0.60, p< 0.001) during
pregnancy, as expected based on the fact that the QRS complex is
part of the QT interval. However, QRS duration did not correlate
with absolute QTc increase during pregnancy (R= 0.17,
p= 0.118), arguing against a significant role of QRS duration as
an effect-modulating factor for additional QTc prolongation
during pregnancy. By contrast, the finding of a positive correlation
between heart rate prior to pregnancy and absolute QTc increase
(R= 0.67, p< 0.001) during pregnancy suggests that heart rate
prior to pregnancy might have an effect-modulating influence on
QTc increase during pregnancy.

Previous studies found reduced PR interval in pregnant women
without cardiac disease.27,28 This may be a consequence of
accelerated AV-node conduction due to factors such as increased
sympathetic tone and increased heart rate during pregnancy Our
findings were consistent with that.

Furthermore, previous studies have found an association
between mWHO classification and diagnosis group and cardiac
complications in general, including arrhythmias.5–7 The present
study was not able to replicate this, however, the previous studies
did not study QTc duration and were not specific for patients with
CHD or risk for arrhythmias.5–7 The low number of patients within
a specific diagnosis group or mWHO class (only three patients in
mWHO IV) in the present study may have resulted in a type II
error that could be a plausible explanation for the insignificant
results.

Only three women experienced clinically documented arrhyth-
mias in the present study. However, as shown in Table 2, 13 women

were treated with antiarrhythmic medication during pregnancy,
whereas five of these women had no antiarrhythmic treatment prior
to pregnancy. The medications used were Digoxin and beta blockers,
which bothmay have been added for reasons other than arrhythmias.
Nonetheless, the fact that antiarrhythmicmedicationswere added in a
few patients during pregnancy may have reduced the observed risk of
arrhythmic events in the study cohort.

Limitations

This is a retrospective study that is based on medical record data.
Holter monitoring was done only in selected cases to confirm
suspected arrhythmias, which may have led to a falsely low rate of
arrhythmias. The low number of patients in mWHO class III and
IV might contribute to selection bias resulting from under-
representation of patients with high risk for maternal cardiac
events. To overcome these limitations, larger prospective studies
are needed.

Conclusion

In conclusion, this study found that electrocardiographic changes
in pregnant women with CHD differ from those previously
reported during pregnancies in healthy women. Our results suggest
that CHD patients with long QRS duration or long QTc interval,
high weight, and/or body mass index, or high heart rate prior to
pregnancy may harbour electrocardiographic changes that may
put them at increased risk for ventricular arrhythmias during
pregnancy. Thus, patients at risk should bemonitoredmore closely
for arrhythmias during pregnancy, regardless of mWHO classi-
fication and diagnosis group. Recognising risk for arrhythmias
early could help prevent potentially life-threatening cardiac
arrhythmias in pregnant patients with CHD.
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