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Fetal i+D Medicine Research Center,BCNatal-Barcelona Center for Maternal-Fetal and Neonatal
Medicine(Hospital Clı́nic and Hospital Sant Joan de Deu); IDIBAPS, University of Barcelona,
(CIBER-ER)
3
Pontificia Universidad Javeriana seccional Cali, Colombia
4
Aragón Institute of Engineering Research (I3A), University of Zaragoza, Spain
5
CIBER-BBN, Spain
6
Fetal Medicine Unit, Department of Obstetrics and Gynecology, Hospital Clinico Universidad de
Chile

2

Abstract
Numerous studies associate intrauterine growth restriction (IUGR) and premature birth with higher risk for cardiovascular diseases throughout adulthood. This study
aims to describe changes at the surface ECG and observe
if the results corroborate those correspondences found in
previous studies of pre-adolescents who were born with
low birthweight. 87 adults conformed the study population. There were 2 subgroups to study: term birth with adequate weight for gestational age (control group, 33 subjects), and those who had IUGR at birth (54 subjects).
Once QRS and T-wave loops were obtained from the averaged vectorcardiogram, the angle between the depolarization and repolarization dominant vectors in the threedimensional space and the absolute and relative angles
between the dominant vectors and the three orthogonal
planes were studied. The angle between the dominant vectors of the QRS loop and the T-wave loop in the XY-plane
(i.e. the frontal plane) showed statistically significant
larger values for controls (13.49±13.65) than for adults
who were born with IUGR (9.26±8.47). This narrowing
can be hypothesised to be a biomarker for IUGR cardiovascular risk. The results are in accordance with those obtained for pre-adolescent subjects who were preterm, further supporting the findings.

1.

Introduction

One of the main causes of low birth weight is intrauterine growth restriction (IUGR) [1], which is diagnosed
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when the fetus weight and mass are lower than normal with
respect to the number of gestational weeks below the tenth
percentile [2, 3].
Several references have studied and shown the correlation between the presence of low birth weight and cardiovascular pathologies in adulthood, such as coronary disease [4] or ischemic heart disease [5].
Previous studies have shown the heart morphology differences due to premature birth and IUGR on the ECG.
These differences are reflected on several measurements
obtained from the vectorcardiogram of pre-adolescent subjects [6, 7].
In this study we have analysed surface ECG from adult
subjects who presented IUGR when were born with the
aim of observing whether the morphological differences
observed in pre-adolescent subjects still remain during
adulthood.

2.

Materials

The study population is conformed by 87 adult subjects
whose 12-lead ECG has been acquired during 10 seconds
at 1000Hz. 54 adults suffered from IUGR inside the womb
whereas 33 adults did not (control group). Table 1 shows
the distribution of the cohort of subjects for which the
study has been conducted.
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Table 1. Sex and age distribution of subjects included in
the study.
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3.

Methods

3.1.

Dominant vectors of QRS and T loops
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Figure 1. Depolarization (QRS) and repolarization (T)
average loops of an adult subject of control group.
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First, ECG is delineated using wavelet transform, so that
the onset and ofset of the individual waves (corresponding
to QRS complexes and T waves) are detected [8]. Then,
baseline wander is reduced. Next, the vectorcardiogram
of length K samples is obtained by means of the inverse
Dower matrix [9], from which we can extract the corresponding depolarization and repolarization loops.
Both depolarization and repolarization loops are aligned
with respect to the first available loops, respectively. For
those alignments, the method presented in [10] is used, in
order to also remove the influence of respiratory cycles.
Thus, loop alignment consists of three transforms: scaling (for loop expansion or compression), rotation (due to
rotational changes of the heart), and shifts (to obtain time
synchronization). Alignment can be described by equation
1, where Z and ZR are the 3 × K and 3 × K + 2∆ matrices
containing the loops and the aligned loops, respectively; α
is the scaling parameter; Q is the 3 × 3 rotation matrix, and
Jτ is the shifting matrix corresponding to a τ shift. For a
fully detailed explanation of the alignment process please
see [10].
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Once alignment has been done, the average loop is obtained for each depolarization and repolarization set of
loops. Finally, the dominant vectors of each average loop
are obtained, which will indicate the dominant direction
of the electric front during the QRS complexes and the T
waves. Figures 1 and 2 show two examples of the obtained
averaged loops for a control group subject and an IUGR
group subject, respectively.

(ΦR−P and ΦT −P , where P is each one of the three planes
XZ, ZY and YZ), and the differences between them.

3.2.

4.

Angle estimation

Once we have obtained the dominant vectors for each
average depolarization and repolarization loops, a set of
angle measurements between them is obtained, such as
the angle between the projections of these vectors on the
frontal plane XY (θRT −XY ), the angles between the dominant vectors and each one of the three orthogonal planes

X

Figure 2. Depolarization (QRS) and repolarization (T)
average loops of an adult subject of IUGR group.

Results and discussion

Table 2 shows the results of each one of the angles for
the 87 adults included in the study. In addition, it also
shows the p-values obtained by means of the Student’s ttest. Statistical significant differences are considered if pvalue < 0.05.
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Table 2. Obtained results for angles measured in degrees
(mean± standard deviation) for control and IUGR groups.
Statistically significant differences are indicated by * (if
p-value<0.05) or ** (if p-value<0.01).
Angle
θRT −XY
ΦR−XZ
ΦR−XY
ΦR−Y Z
ΦT −XZ
ΦT −XY
ΦT −Y Z
ΦR−XZ − ΦT −XZ
ΦR−XY − ΦT −XY
ΦR−Y Z − ΦT −Y Z

Control group
13.49±13.65
32.85±9.08
29.47±13.02
40.72±12.05
29.39±10.61
14.42±8.68
54.83±9.52
3.45±9.61
15.05±14.14
-14.11±13.99

IUGR group
9.26±8.47**
35.68±6.12*
22.07±11.80**
44.17±9.81
33.15±10.67*
14.48±9.41
51.52±12.13
2.54±8.43
7.59±14.58**
-7.35±13.96**

We can observe that the angle between the dominant
vector of QRS complex and the dominant vector of T-wave
projected on the frontal plane XY is significantly smaller
(about 4o ) for adults who had IUGR when they were born
than for adults from the control group.
We can also observe that the angle between the dominant vector of the QRS loop and the XY-plane is also significantly smaller for IUGR group, whereas the angle between that vector and the XZ-plane is slightly larger for the
control group.
It can be observed that the difference between the angles
of the depolarization and repolarization vectors and XYand YZ- planes are larger (about 7o ) for the control group
as well.
On the other hand, when comparing these results (over
an adult cohort) with the previously obtained over a cohort
of pre-adolescents (presented in [6] and [7]), we can see
that the frontal angle (i.e. the angle between the dominant
vectors of QRS loops and T-waves projected on the frontal
plane XY) was also statistically significantly larger for the
control group. Thus, this angle could be a parameter of
interest to be jointly studied with the rest of angles.
It would be necessary to do an extensive study on adults
in order to obtain more details on these features of the surface electrocardiogram.

5.

from the vectorcardiogram.
We have found statistically significant differences
(about 4o degrees smaller values for the angle between the
dominant vector of the QRS loop and the dominant vector
of the T-wav loop in the frontal plane), which would define
cardiovascular risk markers in adults who were born with
IUGR.
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