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Abstract

Handik J.: Angle of the Electrical Cardiac Axis and Magnitude of the Ventricular
Vector in Thoroughbred Foals. Acta vet. Brno, 50, 1981: 207 —212,

In 60 thoroughbred foals the vector changes of the ventricular complex were
investigated in three time intervals from weaning (6 months) until their transfer
to a training centre (about 20 months). The vector changes were studied in the ho-
rizontal, transversal and in three sagittal planes.

The results indicate that in growing foals a significant rotation of the electric
cardiac axis occurs to the right and in caudohorizontal direction up to the age of 13 to
15 months. At this age also a significant increase in the magnitude of the ventri-
cular vector occurs. From the age of 13 to 15 months the angle of the electrical
cardiac axis remains stabilized. A further increase in magnitude of the ventricular
vector in planes T and Sl depends upon bilateral hypertrophy of ventricular walls.

Age, heart, hypertophy, training.

Horses have lost their original significance in agriculture. Instead they have become important
sporting animals. Therefore the Ministry of Agriculture of Czech and of Slovak Socialist Republic
proposed a conception of horse breeding until 1990 aimed not only at an increace in number of
horses but also at a substantial improvement in bteeding and performance of race horses.

Under these new conditions a variety of problems have arised for veterinary diagnostics with
special emphasis on pursuit of health in young and race horses in which the state of cardiovascular
system seems to be a limiting factor of performance.

The heart makes ca 0.7 % of body mass in horses (Brody 1945). In thoroughbred horses, for
centuries selected for high speed, the heart mass percentage is higher than in other breeds. It was
found to be 0.7—1.04 % of body mass; there was a positive correlation between heart mass and
age of the horse (Herrmann 1929). The increase in heart mass is in these horses due to the so-
-called training hypertrophy (Kubo et al. 1974).

With ventricular hypertrophy and heart size the angle of the electrical cardiac axis is closely
connected. A morphological and ECG-study of the size of heart ventricles and the angle of elec-
trical cardiac axis in young foals was made by Matthiesen and Deegen (1977) and Deegen
and Matthiesen (1977). In newborn foals they found a physiological hypertrophy of the right
ventricle characterized by an inclination of the electrical cardiac axis by 46° to the left. In 12-month-
-old foals a physiological growth hypertrophy of the left ventricle occurred with an inclination of
the electrical cardiac axis by 2.5 °. Hypertrophy of various parts of the heart due to heart deffects
affecting the changes in the angle of electrical cardiac axis was described by Holmes and Else
(1972), White and Rhode (1974), Mill and Handk (1978) and others.

The aim of the present work was to study the development of angle of the electrical cardiac
axis and of magnitude of the ventricular vector in growing thoroughbred foals from weaning (6
months) until their transfer to a training centre at the age of about 20 months.
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Materials and Methods

The vector changes (angle of the electrical cardiac axis and magnitude of the ventricular vector)
were investigated in 60 English thoroughbred foals of both sexes. The ECG records in the tetra-
hedron lead system (Handk 1979) were done repeatedly at the age of 5—7 months (weanlings),
13—15 months (foals) and prior to transfer to a training centre at the age of 17—20 months (year-
lings). During the entire experimental period the heart sounds of all animals were clear, well distin-
guished, with no murmurs and no arrhythmias. There were no clinical signs of illness observed,
the horses were fed in a conventional manner, they had abundant movement on pastures.

The ECG records were taken on a STARTEST (Chirana) apparatus with calibration 10 mm =
= 1mV at 25 mm . s speed of the thermosensitive paper. The vector evaluation of the ventri-
cular complex was done by determination of the angle of electrical cardiac axis and magnitude of
the vector on a cross a diagram according to Holzmann (in Perlick and B6hme 1967) in the
horizontal (H), transversal (T), sagittal right (Sr), sagittal left (S1) and sagittal middle (Sm) planes
intersecting the centre of tetrahedron.

The result were graphically evaluated and for statistical analysis the Duncan test and simple
analysis of variance were employed.

Results

The magnitude of angle of the ventricular complex vector or angle of the electri-
cal cardiac axis related to the age of horses is shown in Fig. 1. It is obvious that
the greatest changes in the angle of the electrical cardiac axis occurred in the hori-
zontal plane. In weanlings
aged 5—7 months the axis
rotated from theright tothe
left by 3.1° with a large
standard deviation. With
increasing age, the axis
rotated caudad so that at
the age 17—20 months the
angle was 45.75° left and
caudal. The effect of age
upon changes in the direc-
tion of the electrical cardiac
axis in the horizontal plane
was highly significant
(P < 0.01) between wean-
lings and foals, and bet-
ween weanlings and year-
lings (P < 0.01). However,
no significant differences
were found between foals
and yearlings (P >0.05).

The same statistical
significance was found with
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Fig. 1. Changes in angle of the
electrical cardiac axis related to
the age of the foals (n = 60)
dotted area: 5—7 months
lined area: 13—15 months
empty area: 17—20 months



the effect of age on the
angle of the electrical car-
diac axis in sagittal right
plane (Sr). In weanlings,
the axis rotated caudo-
ventrally by 72.0°. With
ageing, the angle magni-
tude decreased so that in
yearlings the angle was only
49.05° caudoventrally. The
originally vertical position
of the electrical cardiac agis
changed into a semiverti-
cal one in older animals.
In the transversal (T)
and sagittal left (SI) planes
no significant effect of age
upon the angle of electrical
cardiac axis was found. In
the sagittal middle (Sm)
plane the effect of age on
transfer of the vertical
angle of the cardiac axis in
weanlings (70.86°) to se-
mivertical position in foals
(49.05°) was significant
(P < 0.01). In yearlings,
the electrical cardiac axis
tended to return to vertical
position (54.90°), however,
notsignificantly (P > 0.05).
The effect of age on
magnitude of the ventri-
cular vector is shown in
Fig. 2. In all tetrahedron
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Fig. 2. Changes in magnitude of the ventricular complex
vector related to depending the age of the foals (» = 60).

planes an increase in magnitude of the ventricular vector occurred with ageing.
A significant increase in the vector magnitude in all planes was found in yearlings
as compared to weanlings (P < 0.01). A significant difference in sagittal middle
(Sm) plane was observed between weanlings and foals (P << 0.01), and in the trans-
versal plane (T) between foals and yearlings (P < 0.01).

In the remaining planes of tetrahedron (H, T, Sr, Sl) the difference between
weanlings and foals, 1. e. effect of age on increase in the magnitude of the vector
was significant (P < 0.05). Similarly, in the sagittal left plane (SI) there was
a difference between foals and yearlings (P << 0.05). No effect of age on the ven-
tricular vector was found in yearlings as compared to foals in the planes Sr and Sm

(P > 0.05).
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Discussion

The age and growth of foals affect the size and position of the heart (Herrmann
1929; Matthiesen and Deegen 1977). Although the anatomical and electrical
cardiac axes are not identical, changes in the heart size and its position in the tho-
rax affect considerably the direction and magnitude of the ventricular vectors
including the electric cardiac axis (Jonas 1950).

The changes in direction of the electrical cardiac axis dependent on age and
growth of the foals described Deegen and Matthiesen (1977). A significant
effect of age and growth of the foals on rotation of the electrical cardiac axis in
the horizontal plane (rotation to the right and caudad along the vertical axis Z)
and in the sagittal plane (rotation caudohorizontally along the transversal axis X)
(Hanék 1979). .

The present study was aimed at accomplishment of data by Deegen and Matt-
hiesen (1977) and our own results (Handk 1979). It provides information about
more ‘age categories and dynamics of the vector changes in thoroughbred foals
from weaning up to their transfer to the training centre. Besides the horizontal
plane, however, we used further 4 tetrahedron planes to enable a better space
orientation in the changes under study.

In 5—7-month old weanlings the angle of the electrical cardiac axis in the hori-

zontal plane was 3.1° resembling that of 12-month-old foals found by Deegen
and Matthiesen (1977). A this age, however, in our animals an angle of 40.72°
was found. These differences may originate in experimental material since in our
study exclusively thoroughbred foals were employed, the physical development
of which is faster than that of other breeds.
- A significant effect of age on rotation of the electrical cardiac axis in the horizon-
tal plane (rotation to the right and caudad) and sagittal middle plane (caudo-
horizontal rotation) was found. This is in good agreement with our previous
findings (Handk 1979). Further a highly significant rotation in the sagittal
right plane (caudohorizontally) was observed. On the other hand, in the sagittal
left and transversal planes no effect of age was found.

Highly significant changes in angle of the electrical cardiac axis in the H, Sm
and Sr planes were found especially between weaning and 13— 15 months of age.
At this time also the growth rate of foals was found to be most rapid (Green 1969,
1976). During this intensive growth phase also the heart undergoes an intensive
growth period and its position in thorax changes. It can affect the rotation of
cardiac axis until the age of 13— 15 months.

In older animals no substantial changes in angle of the electrical cardiac axis
occurred as indicated by small differences between foals and yearlings. However,
these two groups were rather close as far as their age is concerned. Similarly,
Deegen and Matthiesen (1977) demonstrated a rotation of the electrical axis
in foals until 12 months of age. The authors described a physiological growth
hypertrophy of the left ventricle rotating the whole heart from the left side of
thorax more medially (to the right) and the apex directing caudad as a cause of
the above-mentioned rotation. In our animals the changes in rotation of the electric
cardiac axis in foals up to 13—15 months of age be can ascribed to left ventricle
hypertrophy as well. This explains that the changes in heart position make them-
selves felt in rotation of the electric cardiac axis predominantly in planes H,
Sr and Sm and remain unchaged in Sl and T planes.

In a previous study (Handk 1979) we demonstrated a significant effect of age
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and body growth of foals on increase in magnitude of the ventricular vector
in the horizontal, transversal and sagittal planes. The present study shows the
development of changes in magnitude of the ventricular vector in foals from wean-
ing until 20 months of age.

The results of our study indicate a significant effect of age on the enlargement
of the ventricular vector only in the period between weaning and the age of 13
to 15 months. In older animals no substantial increase in magnitude of the ventri-
cular vector occurred. Any changes in this phenomenon are thus due to rotation of
the electrical cardiac axis.

Only in the T and Sl planes the magnitude of the ventricular vector continued
to significantly increase beyond the age of 13— 15 months. However, this increase
cannot be explained by rotation of the electrical cardiac axis since its angle is in
foals aged 13—15 months already stabilized. There is obviously another factor
involved. This factor does change neither the heart position in thorax nor the angle
of the electric cardiac axis.

According to the vector interpretation of ventricular hypertrophy and dllatatwn
based on the so-called Brody’s effect (blood volume capacity of vetricles related
to thickness of the ventricular walls) by Ishikava et al. (1971), the ventricular
vector decreases in dilated heart and increases in ventricular hypertrophy. If,
according to this theory, a further increase in magnitude of the ventricular vector
in the T and SI planes is due to heart hypertrophy, a bilateral hypertrophy must
be assumed by which no further changes in heart position and other phenomena
occur.

Hypertrophy of the ventricular walls increases the vector in radial direction as
related to electrodes (Ishikava et al. 1971). Closest to this position are the planes
T and Sl as related to direction of the electrical cardiac axis. Therefore in these
planes there was a highly significant enlargement of the ventricular vector from
weaning until the transfer of horses to the training centre. The direction of the
vector from its stabilization at the age of 13— 15 months was no more radial to
planes H, Sr and Sm. This is why the vector enlargement in these planes was
not significant.

It can be concluded that this study has shown a significant effect of age on rota-
tion of the electrical cardiac axis to the right and caudoventrally in foals up to
the age of 13—15 months. At the same time the magnitude of the ventricular
vector increased. Due to a rapid growth rate of animals changes in size and posi-
tion of their heart in the thorax occurred. The vector changes are, for the most
part, due to the so-called growth hypertrophy of the left ventricle.

From the age of 13—15 months onwards the angle of the electrical cardiac
axis was stabilized. A further enlargement of the ventricular vector may only
be due bilateral heart hypertrophy increasing the vectors in a direction radial to
the planes. Bilateral hypertrophy does not affect position and electric cardiac
axis of the heart.

Sklon elektrické osy srde¢ni a velikost komorového vektoru u plnokrev-
nych hiibat

U 60 plnokrevnych hfibat byly studovany vektorové zmény komorového kom-
plexu opakované ve tfech Casovych rozmezich od odstavu (kolem 6 mésict)
do doby odchodu koni na tréninkové ustfedi (kolem 20 mésicu stafi). Vektorové
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zz’?llrfin)trl byly studovany v roviné€ horizontilni, transverzilni a tfech rovinich sagi-
talnich.

Z provedené vektorové studie vyplyvd, Ze u rostoucich hfibat dochazi k signi-
fikantni rotaci elektrické osy srdeéni smérem doprava a kaudohorizontiln& aZ
do stafi 13—15 mésicti. V této dobé& se také signifikantn& zvétiuje velikost komo-
rového vektoru. Od stéfi 13—15 mé&sict je sklon elektrické osy srde¢ni jiz stabili-
zovén, Dalsi zvétSeni komorového vektoru v rovinich T a Sl podminéno bilate-
rarni hypertrofii komorovych stén.

Haxnon snexkrpuueckoii ocw cepana M BeIHUYMHA BEKTOPA JKEJIyHZOYKa CEpRua
: y TOJHOKPOBHBIX KepeGsT

Ha 60 nonHOKpOBHEIX >Kepe6ATax HPOBONMJIMCH H3YUEHHUS BEKTODHBIX H3Me-
HEHH# KOMILIEKCA KEeJyNOYKOB CEpAlla B TPeX HHTepBajaX BpPEMEHH C IEepHOofa
orcanku (okomo 6 MecAnes) MO mepemauu JOmaned TPEHHPOBOYHOMY LIEHTPY
(B Bospacre oxomo 20 MecAuesB). BekropHble M3MeHEHMs M3y4aJHCh Ha TOPHU30H-
TaJBHOM, TPAHCBEPCAJbHOM YDOBHSX CATMTTAJbHBIX.

Ha ocHOBe mpOBEeNEHHOTO BEKTODHOTO H3y4EHHs BHITEKAET, YTO y PACTYIIUX
»KepebAT HabuiomaeTcs 3aMeTHOE BpAaljeHHe SJIEKTPUYECKOH CEepAeuHOH ocu IO
HAaIPaBJIEHUI0 HapaBO ¥ B KayJOTOAM3OHTAJBHOM HAIpaBJEHHH OO BO3pacra
13—15 Mecsaues. B maHHBEIH nepHozn TaK)Xe CyIIECTBEHHO YBEJIMUUBAETCS BEKTOP
xeaymouka cepana. C Bospacra 13—15 Mecsues HaKJIOH 3JEKTPUYECKO cepred-
HOI ocH yke crabmiumsyercsa. JanbHeiiee yBeJIMYeHHME BEKTOpa Ha YpOBHAX T
u Cl ofycroBieHo GuiarepajbHOM THIIEPTPOPHEH CTEHOK >KEJyHOYKOB.
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