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Orientation of the electrical heart axis in mid-
term pregnancy§

Dear Editors,

Introduction

The unique fetal shunting system causes an increased cardiac
muscle mass in the right ventricle [1]. Cardiac currents initiating
each contraction are measured from the outside as the electrocar-
diogram (ECG), the main direction of propagation is referred to as
the electrical heart axis. Ventricular depolarization involves the
largest cell mass, yielding the largest ECG signal. Therefore, the QRS
segment amplitude mainly defines the electrical heart axis. Due to
the increased right ventricular mass in fetuses, the electrical heart
axis is expected to point toward the right. This has been confirmed
in term fetuses during labor and in neonates directly postpartum
[2,3]. In contrast, the electrical heart axis of adults points toward
the left [4]. However, it is well-known that in both adults and
newborns the orientation of the electrical heart axis can vary
widely from person to person [2].

For term fetuses during labor, the orientation of the electrical
heart axis has been described by Larks et al. in the 1960s
[3]. Their recording techniques are outdated, and they did not
take the fetal orientation into account. Despite these short-
comings, they already acknowledged the possibilities of the
electrical heart axis to contribute in distinguishing between
normal intra-uterine development, congenital heart disease and
fetal distress.

The orientation of the fetal electrical heart axis during gestation
has never been described. The relevance of the electrical heart axis
increased, since fetal ECG is used to study fetal well-being more
often. The aim of this study is to determine the direction of the fetal
electrical heart axis in mid-term pregnancy.

Materials & methods

We performed a post-hoc analysis on data of two (prospective)
studies, both approved by the ethical commission of the Máxima
Medical Center [5]. Informed consent was obtained in both studies.
Women between 18 and 29 weeks of pregnancy, carrying a
singleton fetus were included. Exclusion criteria were maternal
age below 18 years, multiple pregnancy, any known fetal
congenital anomaly, intra-uterine growth restriction (birth weight
<p10 for gestational age) and women receiving medication known
to have any cardiac side effects. The absence of severe cardiac

malformations was confirmed after birth by review of medical
charts.

We conducted a single fetal ECG recording of approximately
30 min with eight adhesive electrodes on the maternal abdo-
men, placed in a fixed configuration (Fig. 1). Recordings were
performed using a fetal ECG data acquisition system (Nemo
Healthcare BV, The Netherlands) operating at a sampling
frequency of 1 kHz. The fetal ECG was obtained and analyzed
from the abdominal recordings to yield a vectorcardiogram that
is normalized for the fetal orientation via a series of signal
processing methods, as depicted in Fig. 2 and previously
described in other studies [6–10].

From this normalized fetal vectorcardiogram we obtained the
orientation of the electrical heart axis, expressed as degrees
ranging from �180 to +180, as the direction in which the
vectorcardiogram has its maximum amplitude. This direction
was defined as the average direction of dominant vectors in the
QRS complex. These dominant vectors were selected from the
point where the R-wave exceeded 70% of its maximum value for
the first time until the point where the R-wave fell below the 70%
again [11]. Per fetus, a mean value of the orientation of the
electrical heart axis was calculated from the time period of 50 s
prior to and 50 s following the ultrasound localization of the fetus
in case of good signal quality (at least 80 fetal ECG complexes).

To enable statistical analysis of our results, we categorized the
orientations of the electrical heart axis. Both in the frontal and left-

[(Fig._1)TD$FIG]

Fig. 1. Configuration of the electrodes on the maternal abdomen.§ The study was conducted in Veldhoven, The Netherlands.
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sagittal plane we defined 12 categories of possible orientations, the
first ranging from 0 to 308, the second from 30 to 608, and so on. The
mean orientation of the electrical heart axis per fetus is displayed
in a histogram. Matlab (The Mathworks, Natick, MA) was used to
perform the statistical analysis. Kolmogorov–Smirnov test was
used to test whether the distribution of scores was significantly
different from a normal distribution. A p-value �0.05 was
considered to be statistically significant.

Results

We included a total of 25 pregnant women between 18 + 1 and
28 + 1 weeks of gestation. Patient characteristics and neonatal
outcome are summarized in Table 1. There were no cases of
asphyxia or perinatal death. Three pregnancies ended in very

preterm labor. Two, at 27 + 2 and 28 + 6 weeks respectively,
because of vaginal blood loss due to placenta praevia, and one at
31 + 3 weeks due to spontaneous preterm labor. The interval
between the fetal ECG recording and the preterm birth was more
than three weeks in all cases.

Fig. 3 presents the observed orientation of the fetal electrical
heart axis, which shows a considerable amount of variation. In
the frontal view, the heart axis points toward the right in
most cases. In the left-sagittal view, the heart axis points toward
the back in most cases. The orientation of the electrical heart
axis in the frontal view varied significantly from a normal
distribution; p = 0.016, Kolmogorov–Smirnov test. In the sagittal
view, the orientation of the electrical heart axis did not differ
significantly from a normal distribution (p = 0.22, Kolmogorov–
Smirnov test).

[(Fig._2)TD$FIG]

Fig. 2. Signal processing steps.

From top left, via a clockwise rotation to bottom left;

1. The signal is recorded by the electrodes on the maternal abdomen. Note that the large peaks are maternal QRS complexes, the small peaks that occur approximately twice as

frequentas the maternal QRS are the fetal QRS complexes.

2. The signal obtained after filtering the maternal ECG and other interferences. First, interferences such as powerline and (uterine) muscle activity were suppressed by

bandpass filtering the recorded signals between 1 and 70 Hz and applying a notch filter that was centered around the powerline frequency. Second, the maternal ECG was

suppressed using a technique that dynamically generates a template of the maternal ECG [8] and subsequently subtracts this template from the recorded data.Third, we

detected the individual fetal ECG complexes by firstly spatially combining the various recorded channels [9] and subsequently detecting the fetal QRS complexes using a low-

complexity R-peak detection method [7].

3. The fetal ECG is enhanced by averaging the ECG across multiple heartbeats, where the number of heartbeats is dynamically varied by an adaptive Kalman filter and depends

on the quality and stationarity of the ECG signal [6]. For every electrode an average ECG signal is determined.

4. Using knowledge on the placement of the electrodes, we calculated the fetal vectorcardiogram by spatial combination of multi-channel fetal ECGs [10]. In case the fetus

would change its orientation in the uterus, the vectorcardiogram would rotate with the fetus.

5. Rotated version of the fetal vectorcardiogram. To determine the vectorcardiogram in the fetal frame of reference, similarly as an adult vectorcardiogram would be

determined, we performed an ultrasound examination to determine the fetal orientation simultaneously with the ECG measurements. The rotated fetal vectorcardiogram

represents a standardized view of the fetal vectorcardiogram (i.e. as if it was recorded with electrodes placed directly on the fetal body). From the standardized view, the fetal

electrical heart axis is calculated.

Abbreviations: ECG, electrocardiogram; VCG, vectorcardiogram

Table 1
Characteristics of the study population.

Variable n

Maternal age (years) 30�4.5 25

BMI (kg/m2) 24.7�4.7 25

Nulliparous (n) 18 (72%) 25

GA at measurement (weeks) 24.1 (22.3–24.5) 25

GA at delivery (weeks) 39.3 (37.6–40.9) 25

Birthweight (g) 3285 (2950–3730) 25

Sex (n male) 16 (64%) 25

Apgar score at 1 min 9 (9–9) 25

Apgar score at 5 min 10 (10–10) 25

Cord artery pH 7.27 (7.21–7.29) 23

Cord vene pH 7.33�0.07 17

Metabolic acidosis (n) 0 (0%) 25

Data is presented as mean with standard deviation (�), median with interquartile range (Q1–Q3), or number with percentage (%).

Abbreviations: BMI, Body Mass Index; GA, Gestational Age; n, number.
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Comment

Although our study population is relatively small, the results
are in line with our hypothesis that the fetal heart axis points
toward the right due to the increased mass of the right ventricle. In
term fetuses during labor, the main direction of the fetal heart axis
is to the right (between +100 and +1608) [12]. In neonates directly
postpartum, the QRS-axis in the frontal view varies between +60
and +1608 and the vectorcardiogram points mainly to the right-
inferior-anterior direction [2,13,14]. As the mass of the left
ventricle increases with age, the orientation of the electrical heart
axis gradually deviates toward the left. At the age of one year, the
electrical heart axis points to the left (between +10 and +1008)
[13]. Normal values in adults vary between �30 and +908 [4]. This
all indicates that there is a shifting continuum between the
orientation of the electrical heart axis in fetal, neonatal and adult
life.

In addition, the distribution of orientations of the electrical
heart axis in Fig. 3 shows that during mid-term pregnancy this
orientation varies as much as it does in newborns and in adults.
Because the electrical heart axis determines the fetal ECG
waveform, it is extremely important for fetal ECG interpretation
that the electrical heart axis is taken into account. Alternative
direction of the main fetal electrical heart axis has direct
consequences for the fetal ECG.
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Veldhoven, The Netherlands

Pieter F.F. Wijn
Department of Clinical Physics, Máxima Medical Center, Veldhoven,

The Netherlands

[(Fig._3)TD$FIG]

Fig. 3. Histograms of the orientation of the electrical heart axis in 25 healthy fetuses.

For every fetus, the orientation of the electrical heart axis was determined in both the frontal plane (left histogram) and left-sagittal plane (right histogram). This orientation

was subsequently scored in the corresponding histogram, which were defined by dividing all possible orientations, which range between �180 and +1808, in 12 bins of each

308 width. The number of counts per bin are displayed by means of the grey areas in the histogram plots.
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