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Abstract – The aim of this work was to record the modifications of the form and amplitude of the electrocardiographic tracings during growth using the Dubois system and to study its sensibility to these
physiological changes. This work was carried out on 179 healthy, young and adult Spanish-bred
horses (98 females and 81 males). One electrocardiogram (ECG) was obtained from each horse
using the Dubois leads system. The bifid shape deflection of the P wave was generally more frequent than the simple one in animals at 4 months of age or older. Amplitudes of the P2 component and
of the simple positive wave presented significant differences (p < 0.01) between the age groups
studied: animals up to 3 months in age and older than 2 years of age (highest amplitudes), and the rest
of the animals (lowest amplitudes). Significant variations (p < 0.05) were found for the QS amplitude
between animals of 1 month of age, and all the other groups. The multiple range analysis did not define
a clear distribution of age groups for the amplitude of the T wave. It may therefore be concluded, that
in the Spanish-bred horse up to 1 month of age, the form and amplitude of the QRS complex in the
Dubois leads system differ from those of older animals. Thus, this study shows the sensibility of
the Dubois leads system for detecting the electrocardiographic changes related to the growing process in the Spanish-bred horse. In addition, it provides standard values of electrocardiographic parameters in the Spanish-bred horse at different stages of growth.
Dubois leads / electrocardiogram / horse / Spanish-bred

* Correspondence and reprints
Tel.: (34) 968 367070; fax: (34) 968 364147; e-mail: iayape@fcu.um.es

348

I. Ayala et al.

Résumé – Morphologie et valeurs d’amplitude de l’électrocardiogramme chez les chevaux de
race espagnole de différents âges en utilisant le système de dérivations de Dubois. Le but de ce
travail est d’enregistrer les modifications de la forme et de l’amplitude des tracés électrocardiographiques au cours de la croissance, en utilisant le système de Dubois. Nous tentons de vérifier la
sensibilité du système des dérivations de Dubois pour détecter des changements physiologiques.
L’étude a été réalisée sur 179 chevaux de race espagnole jeunes et adultes (98 femelles et 81 mâles)
exempts d’anomalie. Un électrocardiogramme a été réalisé chez chaque cheval, en employant le
système des dérivations de Dubois. La forme bifide de l’onde P a été généralement plus fréquente que
la forme simple chez les chevaux âgés de 4 mois ou plus. Les amplitudes de la partie P2 et de l’onde P
simple positive ont présenté des différences significatives (p < 0,01) parmi les groupes : les animaux d’âge inférieur à 3 mois et ceux âgés de plus de 2 ans (les plus grandes amplitudes) et le reste
des animaux (les plus basses amplitudes). Des différences significatives (p < 0,05) de l’amplitude
d’onde QS ont été montrées entre les animaux d’1 mois et les autres groupes d’âge. L’analyse statistique n’a pas révélé une distribution des groupes d’âge pour l’amplitude d’onde T. En conséquence,
on peut conclure, que chez le cheval de race espagnole, la forme et l’amplitude du complexe QRS dans
le système des dérivations de Dubois chez les animaux âgés de moins d’1 mois sont différentes de celles
des animaux plus âgés. Ce travail montre ainsi la sensibilité du système des dérivations de Dubois pour
détecter les changements électrocardiographiques associés à la croissance chez le cheval de race
espagnole. De plus, il fournit des valeurs électrocardiographiques qui peuvent être utilisées comme
référence chez le cheval de race espagnole en rapport avec les différentes étapes de la croissance.
dérivations de Dubois / électrocardiogramme / cheval espagnol

1. INTRODUCTION
Many different lead systems for recording electrocardiograms in the horse have
been studied by several authors [2, 4, 7, 11,
12, 13]. Some authors consider the diagnostic value of Einthoven leads in the horse
as not very great because the amplitudes of
the electrocardiograms obtained with this
technique show a wide variation: Dubois
[4], Hilwig [10, 11], Holmes and Else [13],
Lescure [16].
In France, the Dubois leads system has
been used as an alternative method
[4, 16]. For these authors, the Einthoven
technique is not adequate in the horse
because of the influence of the position of
the limbs on the ECG tracings and also the
inadequacy of the leads position on the horse
in relation to the position of the heart in the
thorax.
The aim of this work was to study the
modifications of the form and amplitude of
the electrocardiographic tracings during
growth, using the Dubois system, in order to
verify its sensibility in detecting the elec-

trocardiographic changes related to the
growing process. In fact, using the
Einthoven leads, changes in form and amplitude of the QRS complex and the direction
of its main vector have been related to the
changes in size and position of the heart in
the thorax during growth, as a result of physical maturation [1, 3]. We verified the sensibility of the Dubois lead system to these
physiological changes as an indirect method
in determining its diagnostic value for pathological alterations.
In addition, limited information exists
about electrocardiographic changes in the
horse during growth [17, 18]. However, only
certain breeds, mainly Thoroughbreds were
used in these studies. Electrocardiographic
changes during growth have not been completely studied in the Spanish-bred horse.
Some authors [10, 15] have emphasized the
importance of obtaining values for every
specific breed. Thus, standard values of electrocardiographic parameters in the Spanishbred horse at different stages of growth are
needed. This investigation was undertaken
to determine these values.
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2. MATERIALS AND METHODS
This study was carried out on 179
healthy, young and adult Spanish-bred
horses (98 females and 81 males). These
horses were reared under ordinary management on the military stud of Jerez de la Frontera (Cádiz, Spain). The horses were
between one month and 17 years of age.
Table I shows the distribution of these age
groups.
One ECG was obtained from each horse
using a portable Cardioline ETA 340
3-channel electrocardiograph, with a paper
speed of 25 mm.sec–1 and a sensitivity of
10 mm·mV–1. The Dubois leads (I, II, III)
were used [4]. Alligator clips fixed to the
electrocardiographic leads were attached
directly to the skin after vigorous application
of an electrode paste. The electrodes were
placed on the shoulders (middle point
between the withers and the point of the
shoulder) and on the xiphoid process of the
sternum [4, 16]. All recordings were taken
with the horse standing in the stable. The
forelimbs were kept parallel to each other
and perpendicular to the long axis of the
body. The animals were insulated from the
ground by means of a rubber mat. Before
each recording, we waited a short period for
the horses to calm down.
Measurements of the wave amplitudes
were made manually on three cardiac cycles
of lead II, and only in those registers in
which outlines were acceptable for their
measurement. The values were calculated
from the mean of these measurements. Mean
and standard error of mean were calculated
for each ECG value. The mean electrical
axis of the QRS complex on the horizontal
plane, as derived from the ventral aspect of
the animal, was calculated from the algebraic sum of the deflections in the QRS
complexes. An analysis of variance was
made to examine the effect of sex for each
age group. A similar analysis was made to
examine changes in the values obtained
among age groups. A multiple range analysis was carried out to determine whether or
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Table I. Distribution of the 179 horses in the
different groups according to age and sex. N
refers to the total number of individuals in each
group.
Groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Months

Males

Females

N

1
2
3
4
5
6
7
8
9
10
11
12-24
25-36
37-48
> 48a

5
4
4
4
1
4
3
6
0
1
0
12
12
14
11

9
4
2
2
4
2
4
1
10
4
5
14
16
12
9

14
8
6
6
5
6
7
7
10
5
5
26
28
26
20

a Ages ranged from 4 to 17 years with a mean value of
7 years.

not changes were significant at any particular time. It was considered that p < 0.05
was significant.

3. RESULTS
The electrocardiograms recorded showed
P waves of different configurations. Bifid
(+ / +), simple positive and biphasic (- / +)
shapes were observed in the various age
groups. The bifid shape deflection of the
P wave was generally more frequent than
the simple one in animals over 4 months of
age (Tab. II). The biphasic shape was
observed in several age groups. The biphasic deflections were always of the negative
/ positive type.
The first component of the bifid P-waves
(P 1 ) did not vary significantly with an
advance in age or with sex, showing a mean
value of 0.147 mV. The amplitude of the
P2 (second component of the bifid P-waves)
presented significant differences between
the age groups studied (Tab. III). The
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Table II. Percentages of the several forms of P-waves, QRS complex and T-waves (lead II).
P-Waves

QRS complex

T-Waves

Groups

P+

P +/+

P -/+

rS

QS

RS

others

T-

T+

T -/+

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

55.6
50
60
30
41.7
16.7
20
5.6
9.5
18.2
19.2
14.3
27.9
25

44.4
50
40
60
58.3
75
70
88.9
90.5
63.6
100
80.8
82.1
66.3
70

10
8.3
10
5.5
18.2
3.6
5.8
5

55.5
40
90
100
83.3
66.7
80
66.7
61.9
90.9
72.7
65.4
67.8
73.1
60

27.8
10
25
10
22.2
23.8
9.1
18.2
23.1
21.5
19.2
25

30
16.7
8.3
10
11.1
14.3
9.1
11.5
10.7
7.7
15

16.7
30
-

16.7
50
30
20
50
25
10
22.2
14.3
27.3
18.2
23.1
3.6
4.5
5

55.5
20
10
10
8.3
8.3
3.6
20.2
45

27.8
30
60
70
41.7
66.7
90
77.8
85.7
72.7
81.8
76.9
92.8
75.3
50

Table III. Mean (standard error of mean) of P-Wave amplitudes in mV (lead II).
Bifid P
Groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
P

Simple P

Biphasic P

P1

P2

P+

P-

P+

0.15 (0.02)
0.18 (0.03)
0.13 (0.02)
0.14 (0.01)
0.13 (0.01)
0.13 (0.01)
0.15 (0.01)
0.12 (0.01)
0.14 (0.01)
0.17 (0.01)
0.13 (0.01)
0.15 (0.01)
0.16 (0.01)
0.15 (0.01)
0.12 (0.01)
n. s.

0.28 (0.01)
0.24 (0.02)
0.26 (0.03)
0.20 (0.01)
0.21 (0.01)
0.22 (0.01)
0.24 (0.01)
0.22 (0.01)
0.21 (0.01)
0.25 (0.02)
0.20 (0.02)
0.24 (0.01)
0.28 (0.01)
0.26 (0.02)
0.23 (0.01)
0.006

0.33 (0.02)
0.29 (0.02)
0.22 (0.03)
0.25 (0.02)
0.25 (0.02)
0.30 (0)
0.26 (0.03)
0.30 (0)
0.26 (0.05)
0.31 (0.01)
0.30 (0)
0.28 (0.03)
0.27 (0.02)
0.32 (0.04)
0.005

0.10 (0)
0.05 (0)
0.05 (0)
0.07 (0.02)
0.05 (0)
0.10 (0)
-

0.20 (0)
0.25 (0)
0.22 (0)
0.10 (0)
0.21 (0)
0.20 (0)
-

multiple range analysis showed the highest
P2 amplitudes in animals up to 3 months old
and over 3 years of age (Tab. III). Mean values of P 2 amplitudes were significantly
higher (p < 0.05) in males (0.260 mV) than
in females (0.229 mV).

The changes of the simple positive P
amplitude with growth were similar to the
changes of P2 (higher P amplitudes were
found in animals up to 2 months and over
2 years of age).
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The biphasic deflections of horses in the
different age groups showed mean values
between –0.05 and –0.10 mV for the first
component (negative) and between 0.10 and
0.25 mV for the second component (positive).
During growth, the QRS complex of the
equine ECG appears in several forms in the
Dubois system: rS, QS and RS configurations were the most frequent (Tab. II; Figs. 1
and 2). These negative configurations were
found in all the age groups.
The Q-wave was only found in certain
groups with values between 0.05 and
0.13 mV. The QS configuration (a simple
negative one) presented significant variations for the mean amplitude values between
the different age groups (Tab. IV). The highest one was found in foals of 1 month of
age. No significant differences were found
for the amplitudes of the R-wave and
S-wave among the several age groups nor
between sexes. The multiple range analysis defined the homogeneity of all the age
groups, with a mean total value of 0.29 mV
for the R-wave and –0.95 mV for the
S-wave.
The results of the analysis of the T-wave
are shown in Tables II and V, where the various configurations are indicated. Several
configurations of the T-wave were observed
in the different age groups. The younger
animals (1 month old) generally presented a
positive shape. The biphasic (-/+) pattern
became more frequent in the rest of the animals (with the exception of groups 2 and 5)
(Tab. II).
No significant differences according to
age were found for the amplitude values of
the simple positive and negative T-waves.
Significant differences were found for both
negative and positive components of the
biphasic T-waves but the multiple range
analysis did not define a clear distribution of
age groups. However, the multiple range
analysis showed a tendency towards higher
amplitudes with older animals than with the
younger ones.

Figure 1. ECG tracing with lead II of group 1
(1-month-old animals): simple positive P, QRS
complex -type QS- and positive T.

Figure 2. ECG tracing with lead II of group 15
(adults): bifid P, QRS complex -type rS- and
biphasic T.

4. DISCUSSION
The electrocardiograms recorded in Spanish-bred horses showed P waves with different configurations (bifid, simple and
biphasic waves), which is in agreement with
the results of several authors [4, 16]. The
bifid shape deflection of the P wave was
generally more frequent than the simple one
in animals at 4 months of age or older, probably due to the lower heart rate values in
these animals. It shows a relationship
between high heart rate and fusion of the
two components of the bifid P-wave (P1 and
P2) into only one, forming a simple positive shape. On the contrary, variations in
the autonomic nervous system activity as
seen with excitation or exercise appear to
be responsible for changes in the P wave
form [6, 8]. Therefore, the increased frequency of the bifid morphology at 4 months
of age or older could be due to a decrease in
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Table IV. Mean (standard error of mean) of QRS complex amplitudes in mV (lead II).
Groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
p

Q

QS

R

S

0.13 (0.03)
0.10 (0)
0.05 (0)
-

1.68 (0.22)
0.80 (0)
1 (0)
1.15 (0.12)
1.20 (0)
0.85 (0.18)
0.95 (0.09)
1 (0)
0.95 (0.24)
1.13 (0.08)
1.20 (0.14)
0.99 (0.05)
1.26 (0.14)
0.04

0.36 (0.04)
0.42 (0.06)
0.23 (0.04)
0.32 (0.05)
0.35 (0.04)
0.20 (0.06)
0.22 (0.04)
0.23 (0.03)
0.27 (0.04)
0.20 (0.03)
0.29 (0.03)
0.30 (0.04)
0.30 (0.04)
0.31 (0.03)
0.26 (0.04)
n. s.

1.08 (0.04)
0.81 (0.09)
1 (0.05)
0.86 (0.05)
0.80 (0.03)
0.96 (0.06)
1.03 (0.05)
0.93 (0.04)
0.96 (0.05)
1.01 (0.11)
0.85 (0.09)
0.97 (0.05)
0.99 (0.04)
0.94 (0.05)
0.97 (0.07)
n. s.

Table V. Mean (standard error of mean) of T-Wave amplitudes in mV (lead II).
Biphasic T
Groups
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
p

Simple T

T-

T+

T-

T+

0.10 (0)
0.28 (0.07)
0.24 (0.03)
0.28 (0.02)
0.31 (0.05)
0.25 (0.04)
0.26 (0.03)
0.40 (0.04)
0.34 (0.03)
0.41 (0.04)
0.31 (0.03)
0.42 (0.04)
0.37 (0.02)
0.26 (0.03)
0.24 (0.03)
0.002

0.16 (0.02)
0.10 (0)
0.15 (0.01)
0.15 (0.01)
0.10 (0)
0.18 (0.02)
0.19 (0.02)
0.17 (0.01)
0.17 (0.01)
0.16 (0.02)
0.13 (0.03)
0.17 (0.01)
0.24 (0.01)
0.23 (0.01)
0.24 (0.03)
0.006

0.41 (0.07)
0.47 (0.06)
0.40 (0.05)
0.41 (0.01)
0.65 (0.07)
0.55 (0.13)
0.40 (0)
0.53 (0.03)
0.53 (0.03)
0.56 (0.14)
0.40 (0.10)
0.73 (0.08)
0.90 (0)
0.70 (0)
0.40 (0)
n. s.

0.41 (0.04)
0.32 (0.07)
0.25 (0)
0.25 (0)
0.35 (0)
0.40 (0)
0.50 (0)
0.40 (0.05)
0.52 (0.08)
-

heart rate with age and the influence of the
vagal tone.
There was no significant difference in
amplitude of P 1 with increasing age. P 1
showed values which were within the range
of those obtained by Lescure [16] in adult
animals.

The amplitudes of the P2 component and
simple positive waves presented significant
differences between the age groups studied.
A multiple range analysis defined two separate groups: one comprising animals up to
3 months of age and older than 2 years of
age (highest amplitudes), and another made
up of the rest of the animals (lowest ampli-
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tudes). The highest values found in animals
up to 3 months of age could be caused by
stress during the electrocardiographic examinations, since the animals were young and
not used to the experimental conditions [5].
On the contrary, the highest amplitudes of P2
and simple positive P wave observed in animals over 2 years of age were probably
caused by different factors. Deegen and
Matthiesen [3] observed changes in the cardiac muscle: mass relationship in foals during the first year of life. Hanak [9] found a
rotation of the electric cardiac axis up to the
age of 13 to 15 months. Thus, morphologic
changes of the heart, associated to growth,
could be responsible for the higher values of
amplitude in Spanish-bred horses over
2 years old.
The variability in the QRS morphology
(percentages of the several forms of the QRS
complex) found in this study (Tab. II) agrees
with the results of other authors who used
the Dubois leads [4, 16]. All the groups of
age presented predominantly negative
shapes (rS, QS and RS), which were due to
the situation of the electrodes on the animal
used in the Dubois system.
Significant variations were observed for
the QS amplitude between animals of
1 month of age and all the other groups. No
significant difference was found for the
amplitude of Q, R and S waves and the
direction of the QRS vector on the horizontal plane among the several age groups nor
between sexes. These findings differ from
those obtained using the Einthoven leads
system (significant differences for the amplitude of the Q wave) [1], but show the sensibility of the Dubois leads system in detecting the electrocardiographic changes related
to the variations in size and position of the
heart in the thorax during growth, as a result
of physical maturation.
Differences in the T-wave were observed
between the different age groups. The
youngest animals (1 month old) generally
had a positive T-wave. The rest of the animals frequently presented a biphasic pat-
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tern (-/+). Significant differences were found
for both negative and positive components
of the biphasic T-waves but the multiple
range analysis did not define a clear distribution of age groups. These findings could
be explained by the differences in the ventricular repolarisation process, which is
affected by numerous factors. In fact, the
T-wave, which is associated with the ventricular repolarisation, is the most variable
waveform in the electrocardiogram. It seems
likely that the repolarisation process in the
ventricular myocardium may be affected by
the duration of diastole and other factors
(training, fear, vagal activity, etc.), which
affect the length of the diastole including
the effects of the autonomic nervous system and metabolic effects on the myocardial fibres influenced by coronary flow [14].
It may therefore be concluded, that in the
Spanish-bred horse up to 1 month of age,
the form and amplitude of the QRS complex in the Dubois leads system differ from
those of older animals. The changes in form
and amplitude of the QRS complex could
be related to the changes in size and position
of the heart in the thorax during growth, as
a result of physical maturation. Thus, this
study has shown the sensibility of the
Dubois leads system for detecting the electrocardiographic changes related to the
growing process in the Spanish-bred horse.
In addition, it provides standard values of
electrocardiographic parameters in the Spanish-bred horse at different stages of growth.
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