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Abstract 

Pre-adolescents who had suffered from intrauterine 
growth restriction (IVGR) during their mothers' preg
nancy usually present more spherical hearts (smaller re
lation between base to apex measure and basal diameter), 
measured using echocardiograms, which has been associ
ated with long-term cardiac disfunction. The present work 
aims to analyse these heart morphology changes by means 
of the surface EeG so as to have an early diagnostic tool 
of this pathology The dataset is conformed by 148 pre
adolescents with either pre term or term births, and with or 
without IVGR. Once QRS and T-wave loops were obtained 
from the vectorcardiogram, the angles between the domi
nant vector of the QRS loop and -XYor -YZ planes (iflR_xy, 
iflR_yZ) and the difference between iflR_xy and the angle be
tween the dominant vector of T-wave loop (iflT_xy) and the 
XY-plane showed different values for pre-adolescents who 
suffered from premature birth and IVGR than for control 
subjects (p < 0.05). These characteristics can open the 
door for a much easier diagnosis and follow-up of candi
dates for these disfunctions. 

1. Introduction 

Pretenn birth refers to those fetuses who are born before 

37 completed weeks of pregnancy. Besides preterm birth, 

intrauterine growth restriction (IUGR) is one of the main 

causes of low birth weight [1]. IUGR is diagnosed when a 

fetus presents poor growth in their mother's womb during 

pregnancy (i.e. he does not develop the whole growth po

tential). It is characterized by weight and mass lower than 
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normal with respect to the number of gestational weeks be

low the tenth percentile [2,3]. Due to its high prevalence, 

it is a major cause of perinatal morbidity and mortality [4] 

and complicates about 8% of pregnancies. 

Numerous studies have shown a clear correlation be

tween low birth weight and presence of cardiovascular dis

eases in adulthood [5,6], even including cardiovascular 

mortality [7]. As cardiovascular diseases usually undergo 

a long subclinical period before the first clinical symptoms, 

it is of paramount importance to detect their risk as early 

as possible. 

Recent studies have shown the effects of IUGR in the 

long-tenn (along postnatal life), which include heart re

modeling and vascular disfunction and increased blood 

pressure [8]. In particular, more globular hearts, re

duced longitudinal motion and impaired relaxation were 

observed on cohorts of fetuses and children who suffered 

from IUGR in their mothers' womb [9, 10]. 

In this paper we have studied if these characteristics can 

be observed in the surface electrocardiogram. Our objec

tive is to identify features that could report differences in 

premature birth or IUGR along adolescence, which may be 

due to their more spherical hearts. 

2. Materials and Methods 

2.1. Materials 

The study population is conformed by 148 pre

adolescents, whose surface 12-lead ECG was recorded at 

a sampling rate of 1000 Hz in a tertiary centre. 56 pre

adolescents suffered from IUGR inside the womb whereas 
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92 pre-adolescents did not. On the other hand, 65 of the 

148 pre-adolescents had a premature birth whereas the rest 

were born after a full-term pregnancy. Control group has 

been defined as subjects who had term birth and were ade

quate for gestational age (AGA), i.e. did not present IUGR. 

Below Table 1 shows the distribution of the cohort of sub

jects for which the study has been conducted. 

Table 1. Subgroups distribution of the 148 subjects in

cluded in the study. 

Term Preterm 

Male Female Male Female 

AGA 32 28 13 19 

IUGR 11 12 12 21 

2.2. Feature extraction 

Dominant vectors of QRS and T loops 

First, ECG is delineated using wavelet transform, so that 

each peak of the individual waves (QRS complex and T 

wave) as well as their onset and end are detected [11]. 

Then, once baseline wander is reduced on the original ECG 

signal, the vectorcardiogram of length K samples is ob

tained by means of the inverse Dower matrix [12]. 

Next, both depolarization and repolarization loops are 

aligned with respect to the first available loops, respec

tively. For those alignments, the method presented in [13] 

is used, so that the influence of the respiratory cycles is 

also removed. 

Thus, three different transformations are considered for 

the above-mentioned alignment: scaling (for loop expan

sion or contraction), rotation (due to rotational changes of 

the heart because of, for example, respiration), and shifts 

(to obtain time synchronization). The equation that sum

marizes this process can be described by 

(1) 

where Z and Z R refer to the 3 x K matrices of the 

aligned and the reference loops, respectively; ex is the 

positive-valued parameter that allows scaling; Q is the 

3 x 3 rotation matrix, and JT is the shift matrix defined 
by the integer time shift T. For a fully detailed explanation 

of the alignment process (see [13]). 

Once alignment has been done, for each vectorcardio

gram it is obtained an average loop for each depolarization 

and repolarization set of loops. Figure 1 depicts an exam

ple of the average depolarization and repolarization loops 

for a pre-adolescent who suffered from IUGR, whereas 

Figure 2 depicts same features for a pre-adolescent used 

as control (had term birth and was AGA). 
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Then, we finally estimate the dominant vectors for both 

the average depolarization and repolarization loops of each 

recording by averaging the set of vectors composing each 

loop, which describe the dominant direction of the electri

cal wavefront during the QRS complex and the T-wave. 
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Figure 1. Average depolarization (QRS) and repolariza

tion (T) loops for a female subject included in the study, 

who suffered from IUGR inside her mother's womb, and 

the respective dominant vectors. 
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Figure 2. Average depolarization (QRS) and repolariza

tion (T) loops and the respective dominant vectors for a 

female subject included in the study who had birth term 

and was AGA. 

Angles estimation 

Once we have obtained the dominant vectors for each 

average loop (denoted by vQRS and VT for the depolariza

tion and repolarization loops, respectively) we proceeded 

to obtain some features in order to characterize and dif-



ferentiate recordings corresponding to premature birth and 

IUGR pre-adolescents from control subjects. 

First, we have estimated the angle between repolar

ization and depolarization dominant vectors in the three

dimensional space (BRT). This is the angle between the 

QRS and T axis in the plane that they fonn, which com

monly differs from the angle of the projections of QRS 

and T axes in the frontal plane. 

In addition, we have also estimated the absolute angles 

between the above-mentioned dominant vectors vQRS and 

VT and the three orthogonal planes P E {X Z, XY, Y Z}, 
denoted by <PR-p, <PT-p, as well as the difference between 

these angles within the same plane. 

Results obtained for each parameter are detailed in the 

following section. 

Table 2. Results for the 148 subjects included in 

the study, differentiating among control subjects (term-

AGA), and subjects who belong to subgroups that present 

tenn/preterm and AGA/IUGR characteristics. Boldface in-

dicates significant differences, please see text. 

Feature 
Term Tenn Preterm Preterm 

AGA IUGR AGA IUGR 
<PR_XZ 35.38 35.21 32.00 34.21 

Male 34.32 36.97 31.24 34.50 

Female 36.59 33.60 32.52 34.05 
<PR_xy 19.17 22.55 24.63 25.55 

Male 19.12 19.81 28.61 29.82 
Female 19.23 25.06 21.91 23.11 

<PR_YZ 46.09 44.65 45.86 43.07 

Male 46.99 44.46 44.28 39.46 
Female 45.05 44.83 46.94 45.12 

<PT_XZ 35.l3 33.41 33.78 33.88 

Male 35.79 36.47 32.11 36.10 

Female 34.38 30.61 34.76 32.60 
<PT_xy 19.54 21.89 22.01 18.78 

Male 22.l4 22.84 25.25 19.75 

Female 16.58 21.02 19.79 18.22 
<PT_YZ 46.57 46.85 46.37 48.96 

Male 44.26 43.64 45.53 45.70 

Female 49.20 49.79 46.94 50.82 
<PR_XZ - <PT_XZ 0.24 -2.20 -1.68 0.34 

Male -1.48 0.82 -2.24 -1.60 

Female 2.66 -4.97 -0.86 1.45 
<PR_xy - <PT_xy -0.37 0.66 2.62 6.77 

Male -3.02 -3.02 2.12 10.07 
Female 2.66 4.05 3.36 4.88 

<PR_YZ - <PT_YZ -0.48 -0.49 -0.51 -5.89 
Male 2.73 1.58 -1.24 -6.23 
Female -4.15 -2.47 -0.01 -5.70 

799 

3. Results and Discussion 

In Table 2 we can observe results for the several an

gles measured using the dominant vectors of the depolar

ization and repolarization loops for each subgroup, con

sidering as control group those subject who were born at 

term and were adequate for gestational age. In Table 3 we 

can observe the Student's t-test p-values for each subgroup 

compared to the control group. Both tables remark in bold 

those results which are statistically significant. We have 

not included detailed results for feature BRT due to the fact 

that, for our particular study, this feature does not offer sig

nificant differences. 

In Tables 2 and 3 we can observe that <PR_xy is statisti

cally significant to differentiate those pre-adolescents who 

had premature birth from the control ones, whereas and 
<PR_xy - <PT_xy is also significant to distinguish those subjects 

Table 3. Student's t-test p-values for the different features 

for each subgroup under study in comparison with control 

subjects (i.e. tenn-AGA). Boldface indicates significant 

differences, please see text. 

Feature 
Term Preterm Preterm 

IUGR AGA IUGR 
<PR_XZ 0.937 0.060 0.529 

Male 0.371 0.272 0.951 

Female 0.306 0.089 0.308 
<PR_xy 0.233 0.035 0.013 

Male 0.869 0.011 0.009 
Female 0.131 0.467 0.248 

<PR_YZ 0.511 0.911 0.133 

Male 0.406 0.323 0.021 
Female 0.943 0.537 0.979 

<PT_XZ 0.383 0.421 0.447 

Male 0.821 0.258 0.921 

Female 0.l38 0.842 0.308 
<PT_xy 0.379 0.290 0.731 

Male 0.854 0.361 0.525 

Female 0.227 0.304 0.535 
<PT_YZ 0.909 0.925 0.259 

Male 0.857 0.712 0.679 

Female 0.861 0.370 0.528 
<PR_XZ - <PT_XZ 0.495 0.328 0.964 

Male 0.559 0.856 0.972 

Female 0.798 0.053 0.748 
<PR_xy - <PT_xy 0.780 0.330 0.017 

Male 0.999 0.144 0.008 
Female 0.772 0.903 0.557 

<PR_YZ - <PT_YZ 0.549 0.989 0.027 
Male 0.641 0.289 0.038 
Female 0.829 0.141 0.569 



who were preterm and had IUGR. In both cases, subjects 

show larger angle values when they had premature births. 

On the contrary, it is much more difficult to distinguish 

dissimilarities when analysing the case of term-IUGR pre

adolescents versus the control ones. 

Regarding the results for term-IUGR subjects, it is 

more difficult to establish clear differences between pre

adolescents who suffered from IUGR inside the womb but 

the pregnancy was considered at term from control sub

jects. 

It is of paramount importance to remark those results ob

tained on the male subgroups, since features behave better 

in this case, obtaining even smaller p-values. This should 

be studied in detail as future work, since previous refer

ences have pointed out that despite the similar increase 

in general death rate for men and women who suffered 

from IUGR, which was inversely related to their lower 

birth weight, only men developed cardiovascular diseases 

in adult life [14]. 

Indeed, it will be interesting to enlarge of the dataset 

included in the study and consider possible trends in the 

results. 

4. Conclusions 

In this paper we have presented a study that points to the 

measure of the absolute and relative angles formed by the 

depolarization and repolarization loops with the orthog

onal axis as features to distinguish between control pre

adolescent subjects and those who had a premature birth 

or suffered from IUGR inside the womb, which could be 

reflected in electrical remodeling. 

Presented results show statistically significant differ

ences in the case of premature births, and point out for 

future work to the analysis of the influence of the onset of 

IUGR (differentiating between early -before the 34th week 

of pregnancy- or late onset -after the 34th week-) when 

characterising those subjects. 
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