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Summary

The aim of this study was to obtain reference values of cardiac dimensions and indices of function in Thoroughbred foals. In total 76
Thoroughbred foals (48 female, 28 male) were used in this study. The M-mode echocardiographic data of foals were obtained from birth until
24 months of age at 4 month intervals Most of the investigated parameters increased constantly with age except some fluctuations. Right
ventricular internal diameter in diastole (RVIDd) was significantly higher in females than in males at the 4th month (P<0.05). On the
other hand RVIDd tended to be higher in males than in females in the previous and next age groups (P<0.10). Left ventricular mass (LVM)
was higher in males than in females at 8th month (P<0.05). In addition, left ventricular free wall thickness in systole (LVFWTs) values
obtained at the 12th month in females and 20th month in males tended to be higher (P<0.10). Heart rate (HR) constantly decreased with
age and tended to be higher in females than in males at the 8th month (P<0.10). As a conclusion the normal limits of echocardiographic
parameters were found to be different in growing foals compared to that of adults and some gender based variations were determined.
Therefore age and gender differences should be taken into account during interpretation of echocardiographic data.
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Tiirkiye'de Yetistirilen Safkan ingiliz Taylarinin Biiyiime
Doneminde Kalp Boyutlarinin ve Fonksiyon indekslerinin M-Mod
Ekokardiyografi ile incelenmesi

Ozet

Bu calismanin amaci safkan ingiliz yans atlaninda kalp boyutlarina ve fonksiyon indekslerine iliskin referans degerlerin elde
edilmesidir. Bu calismada Toplam 76 adet ( 48 disi 28 erkek) safkan ingiliz tayi kullanildi. Dogum sonrasi 24. aya kadar 4 ayda bir
M-mod ekokardiyografik veriler elde edildi. Elde edilen sonuglar bazi dalgalanmalar olmakla birlikte 6l¢lilen cogu parametrede yasa
bagh artis oldugunu gosterdi. Sag ventrikiiliin diastoldeki i¢c capi (RVIDd)'nin 4. ayda disilerde erkeklere gére daha yiiksek oldugu
belirlendi (P<0.05). Ote yandan bir 6nceki ve bir sonraki yas gruplarina ait RVIDd degerlerinin erkeklerde disilere gére daha yiiksek
oldugu yoniinde bir egilim goérilda (P<0.10). Sol ventrikil kitlesi (LVM) 8. ayda erkeklerde disilerden daha yiiksekti. (P<0.05). Ayrica
LVFWTs'nin 12. ayda disilerde 20. ayda erkeklerde daha yiiksek olma egiliminde oldugu goriildii (P<0.10). HR yasa bagh olarak diizenli
olarak azaldigi ve 8. ayda disilerde erkeklere gére daha yiiksek olma egiliminde oldugu goriildii (P<0.10). Sonug olarak ekokardiyografik
parametrelerin normal limitlerinin eriskin atlardan farkh oldugu ve cinsiyete bagli bazi fakliliklar olabilecegi belirlendi. Bu nedenle
ekokardiyografik veriler yorumlanirken yas ve cinsiyet farkhliklar g6z 6ntinde bulundurulmahdir.

Anahtar sozciikler: At, Ekokardiyografi, Kalp boyutlari, Kardiyak fonksiyon indeksleri

INTRODUCTION

Echocardiography has been widely used for the invasive method for evaluation of fitness 2, determination
diagnosis and prognosis of congenital and acquired heart  of poor performance 4 efficiency of training programs °
diseases in equine medicine '. It is also preferred as a non-  or the effect of deconditioning on cardiac dimensions and
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indices of cardiac function in equine athletes °. Because
it is considered that there is a correlation between
morphological features of the heart and race success ’
the echocardiographic examination has been used in pre-
purchase examinations and insurance procedures ®. Echo-
cardiography was introduced into equine cardiology,
measurements of cardiac dimensions were started in
1977 °, but standardization of imaging techniques and
obtaining reference values has been continued until recent
years %", Because echocardiographic values are influenced
by body weight, conformation, gender, breed, age or the
training procedures '?, there is a need for new studies in
equine sport medicine in order to obtain precise reference
values. Despite the fact that there are many published data
about morphological or functional features of heart in the
adult horse >3, there are only a few studies on the growing
foals. In two of these studies '*'%, foals were observed only
until 3 months of age, in the other study '® observations
were continued for one year. It was observed that in these
studies cardiac sizes and cardiac function indices change
with age in growing foals. In addition, echocardiographic
measurement has shown that age is also an important
factor in the young Standardbred horse . To our know-
ledge, there is no research in which entire growing period
of foals was observed.

Echocardiographic examinations not only provide
information about the normality of the development of
the heart in growing foals, but also could reveal future
cardiovascular problems in unraced foals. These could
constitute a selection criterion which also could prevent
horse owners from wrong investment. Moreover it has
been suggested that a relationship may exist between
cardiac dimensions or function indices in growing period
and athletic potential in the pre-race training period in
Thoroughbred foals '®. Hence there is a need for reference
values of cardiac size and function in the developmental
stage of foals.

When examining cardiac problems in the horse it is
necessary to know the reference values of that particular
breed '°. Different thoracic conformation of different
breeds restricts the accuracy when doing comparisons.
In addition the interpretations of echocardiographic data
are more complicated in foals of different age. Moreover
different nutrition and rearing procedures in different
farms contribute to this variation and shows that evaluating
these values could become complex '. Therefore there
is a need for echocardiography values obtained from
Thoroughbred horses raised in Turkey.

The aim of this study was to obtain reference values of
cardiac dimensions and indices of function starting from
birth till pre-race period of twenty four months age, in
Thoroughbred horses in Turkey.

MATERIAL and METHODS

Foals, Care and Raising Conditions

A total of 76 healthy Thoroughbred foals (28 males
and 48 females) were subjected to echocardiographic
examination in this study. The study was conducted at
the facilities belonging to Jockey Club of Turkey located
in Izmit, Istanbul and Karacabey. During the entire study
standard procedures were undertaken in care, nutrition,
housing, education and training. No interventions in these
procedures were carried out in interest of the study.

Echocardiographic Measurements

A clinical examination was carried out prior to echo-
cardiographic measurements, paying special attention
to the cardiorespiratory system. Echocardiographic
examinations were performed without changing their
usual daily program. Age group was taken into
consideration when echocardiographic measurements
were performed. Foals until 4 months old, were examined
next to their mothers in their own boxes, with two grooms
holding the foal at a standing position, without causing
any stress. Weaned foals were examined with the help of
two grooms in the same way before. No sedation was used
in any examination.

For horses younger than 8 months old a frequency of
3.5 Mhz and for older horses a frequency of 2.5 Mhz were
used during the examinations. In the echocardiographic
examinations the right forelimb was positioned slightly
forward of the left forelimb to facilitate scanning in the right
cardiac window '°. The skin of the right cardiac window was
cleaned before examination by ultrasonic coupling gel. The
echocardiographic measurement was carried out by means
of an Esaote Caris Plus’ ultrasound system with a phased-
array multifrequency transducer (Biomedica Geneva Italy).
The transducer was placed on the right hemithorax where
an imaginary horizontal line drawn from the level of the
olecranon intersects the 4" intercostal space. One entire
heart cycle in the longitudinal four-chamber view was
recorded in B-mode. To achieve this, the transducer was
placed in the 4™ intercostal space and rotated slightly in
dorsal plane to one o'clock, with an angle targeting the
left 5*" intercostal space. Subsequently the transducer was
rotated 90 degrees clockwise and a short axis view was
obtained '°, hereafter at least three cycles were recorded
in the simultaneous M-Mode screen view. The recordings
were later analyzed to obtain echocardiographic parameters
with the particular software of the ultrasound machine.

Investigated Echocardiographic Parameters

In order to determine cardiac dimensions and function
indices, echocardiographic measurements were performed
at 4 month intervals until 24" month after birth. The
following parameters were obtained to assess morphological



and functional changes of the heart: Left ventricular
internal diameter in systole and diastole (LVIDs and LVIDd),
right ventricular internal diameter in diastole (RVIDd),
inter-ventricular septum thickness in systole and diastole
(IVSs and IVSd), left ventricular free wall thickness in systole
and diastole (LVFWTs and LVFWTd), left ventricular mass
(LVM), mean wall thickness (MWT), relative wall thickness
(RWT) heart rate (HR), fractional shortening (FS), ejection
fraction (EF) and interventricular septum thickening per-
centage (IVST%).

Statistical Analysis

In order to obtain reference values, minimum, maximum,
means and standard deviation of means were calculated
as descriptive statistic. The differences between males
and females were determined by independent sample T
test. All statements of significance were based on P<0.05
and tendencies were indicated if P value is between 0.05
or 0.10. All statistical analyses were performed using SPSS
13.0 software (SPSS, Tulsa, OK, U.S.A.).

RESULTS

The results of the equine heart chamber dimensions
and interventricular thickness of wall are presented
Table 1. The obtained results from echocardiographic
measurements indicated that LVIDs, LVIDd, RVIDd, IVSs
and IVSd increased constantly in relation with age except
some fluctuations. In addition there were no significant
differences between male and female except RVIDd on
above mentioned parameters. It was observed that RVIDd
was significantly higher in female foals than in males at
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the 4" month (P<0.05). On the other hand RVIDd tended
to be higher in males than females in the previous and
next age groups (P<0.10). The results show that IVSs and
IVSd increased regularly in relation with age and IVSs and
IVSd reached to the maximum level at the 24 and 16 month
respectively.

The Table 2 shows minimum-maximum values,
arithmetic means and standard deviations of LVM,
LVFWTs, LVFWTd, MWT and RWT parameters in growing
Thoroughbred foals until 24 month age. The results
indicated that above mentioned parameters increased in
relation with age except RWT. It was observed that LVM
was higher in male foals than in females at 8" month
(P<0.05). Furthermore, LVM tended to be higher in
males than in females in the 24 month old (P<0.10). Left
ventricular free wall thickness in systole and diastole
generally increased in relation with age. Furthermore, the
LVFWTs values obtained at the 12" month in females and
20t month in males tended to be higher (P<0.10). On the
other hand there was no difference between male and
female on the LVFWTd, MWT and RWT parameters.

The HR, indices of left ventricular function and IVST
measurements are presented in Table 3. The results
showed that HR was approximately 90 bpm in the 1
month old foals. Afterwards it was constantly decreased in
relation with age and reached to 47.4+10.3 and 45.6+8.5
bpm in males and females respectively at the 24" month.
Furthermore there were no differences between male and
female except 8" month. In addition the high standard
deviation was also prominent in HR. There were no
significant differences between male and females on EF,
FS and IVST parameters at the investigated age groups. It

Table 1. M-mod echocardiographic measurements of LVIDs, LVIDd, RVIDd, IVSs and IVSd in growing Thoroughbred foals
Tablo1. Safkan Ingiliz taylarinda LVIDs, LVIDd, RVIDd, IVSs ve IVSd'ye iliskin M-mod ekokardiyografik él¢iimler

LVIDs (cm) LVIDd (cm)

A Sex n
Min Max MeanzSD Min Max Mean+SD Min
M 28 3.04 570 425+0.58 547 7.75 6.40+0.57 091
! F 48 342 593 473+065 479 7.60 6.38+0.58 0.68
M 18 372 578 479+0.62 5.78 7.98 5.78+0.63 0.99
¢ F 26 395 570 467+0.51 578 8.13 7.04£0.57 1.14
M 14 418 578 494+038 6.99 821 7.61+032 0.99
8 F 14 433 524 4.84+024 722 806 7.53+0.21 1.14
M 18 415 6.52 542+0.79 790 9.78 9.01£045 1.78
12 F 13 405 622 505+082 7.71 9.88 8.68+0.67 1.78
M 14 464 682 570+0.60 8.99 1047 9.55+0.40 1.28
16 F 12 429 7.01 562+090 793 11.76 9.34+1.06 1.58
M 13 405 745 583+1.12 8.00 10.87 10.11+0.85 1.88
20 F 13 435 682 559+0.76 872 11.16 9.91+0.74 1.68
M 14 474 745 5911082 9.26 11.70 10.16+0.70 1.98
24 F 17 458 632 525+0.56 9.15 10.87 9.80+0.52 1.81

RVIDd (cm) IVSs (cm) 1VSd (cm)

Max MeanzSD Min Max Mean+SD Min Max Mean+SD
319 1.61£048 220 3.50 2.82+030 1.60 251 2.01+0.23
2.81 1.41+040 1.98 342 271028 1.52 258 1.98+0.26
243 1.69+041 228 3.72 3.05+0.34 2.13 296 2.32+0.21

3.19 2.01x0.57 251 3.65 3.07x032 160 266 2.22+0.25
274 2.16x0.51 3.04 3.72 3.50+0.24 205 296 2.46%0.03
243 1.81+046 258 3.72 3.37+031 205 266 2.28+0.15
3.85 282+0.59 336 449 3.94+041 237 346 2.78+0.27
375 270+0.68 336 4,74 4,07+040 198 3.16 2.66+0.40
4.05 239+0.72 3.56 474 430+037 247 336 2.95+0.23
3.28 236x049 375 494 4.25x037 257 336 292+0.23
405 2771048 356 532 453+040 247 336 2.89+0.29
405 256+0.63 3.56 543 4.38+0.57 237 3.51 291+033
3.19 2504042 436 532 4.70+024 245 336 2.82+0.25
3.19 255+0.50 3.83 5.32 4.74+036 234 330 2.74+0.29

LVIDs: Left ventricular internal dimensions in systole, LVIDd: Left ventricular internal dimensions in diastole, RVIDd: Right ventricular internal dimensions
in systole, IVSs: Interventricular septum thickness in systole, IVSd: Interventricular septum thickness in diastole, A: Age (Month), M: Male, F: Female, Min:

Minimum, Max: Maximum, SD: Standard deviation. *: P<0.05, 1: P<0.10
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Table 2. M-mod echocardiographic measurements of LVM, LVFWTs, LVFWTd, MWT and RWT'in growing Thoroughbred foals
Tablo 2. Safkan ingiliz taylarinda LVM, LVFWTs, LVFWTd, MWT ve RWT'ye iliskin M-mod ekokardiyografik 6lciimler

LVM (g) LVFWTs (cm)

A Sex n
Min Max Mean+SD Min Max Mean+SD Min
M 28 386 933 666+160 1.75 3.27 2.26+0.38 0.84
1 F 48 403 1050 669175 1.09 296 2.24+0.33 0.68
M 18 617 1277 9724178 1.82 296 2.46+0.31 1.06
4 F 26 484 1297 934+197 205 3.27 262+036 1.14
M 14 966 1576 1289+188 243 3.34 296+0.24 1.52
8 F 14 930 1407 1170£119 236 3.27 2.87+0.27 1.29
M 18 1206 2778 1945+309 287 435 3.46+0.38 1.48
12 F 13 1206 2113 1804+241 296 4.64 3.76t0.51 1.48
M 14 1762 2999 2506+393 3.16 4.84 3.81+0.54 1.78
16 F 12 1924 2934 2313+309 326 4.94 3.84+0.60 1.78
M 13 1778 3399 27284453 3.16 6.03 4.41+0.88 1.98
20 F 13 1932 3554 2485+431 3.09 4.74 3.89+0.52 1.68
M 14 2536 3668 3051437 3.75 6.03 4.56+79 1.98
24 F 17 2272 3566 2758+400 3.72 5.75 4.69+0.68 2.23

LVFWTd (cm) MWT (%) RWT (%)
Max Mean+SD Min Max Mean+SD Min Max Mean+SD
1.75 1.29+0.22 133 213 1.64+0.21 038 0.71 0.518+0.09
236 1.28+031 1,22 2,13 1.64+0.22 039 0.71 0.515%0.07
2.05 1.54+024 1.60 236 1.94+0.19 046 0.74 0.557+0.08
190 1.49+0.18 1.41 213 1.85+0.17 041 0.62 0.529+0.05
20 1.82+0.16 1,90 239 2.14+0.20 047 0.64 0.565+0.05
220 1.76£0.29 1,83 2,24 2.03+0.13 047 0.59 0.541+0.03
2,67 1.96+0.38 1.98 3.07 237+0.25 045 0.69 0.528+0.06
267 2.04+036 198 252 235x0.16 043 0.63 0.544%0.06
3.06 232+041 213 3.02 264+0.26 045 0.64 0.552+0.05
2,83 226+035 2.18 3.02 2.59+0.21 037 0.71 0.563%0.09
296 2414037 228 3.03 265+022 045 0.69 0.527+0.07
3.06 2.19+046 232 3.03 255+0.25 045 0.69 0.516+0.06
3.62 2.80+0.53 252 3.25 2.83+0.22 046 0.66 0.558+0.06
3.62 282+043 245 335 275x023 046 0.70 0.568%0.06

LVM: Left ventricular mass,

LVFWTs: Left ventricular free wall thickness in systole, LVFWTd: Left ventricular free wall thickness in diastole,

MWT: Mean wall thickness RWT: Relative wall thickness, A: Age (Month), M: Male, F: Female, Min: Minimum, Max: Maximum, SD: Standard deviation.

*: P<0.05, 1: P<0.10

Table 3. M-mod echocardiographic measurements of the functional indices of the heart in growing Thoroughbred foals

Tablo 3. Safkan Ingiliz Taylarda kalbin fonksiyon indeskslerine iliskin M-mod ekokardiyografik 6lctimler

HR (bpm) EF (%) FS (%) IVST% (cm)
Age Sex n

Min Max Mean=SD Min Max Mean=SD Min Max  Mean=SD Min Max Mean=SD

M 28 67 142 90.9+£17.9 43 81 60.5+8.3 22 50 33.7+6.1 6 100 43.04£22.2

! F 48 61 137 90.8+17.7 42 71 58.5+8.2 21 41 31.94£5.6 88 38.6+20.5
M 18 58 142 74.5+20.2 47 71 57.8+7.0 25 41 31.6+4.7 63 31.8+£16.7

4 F 26 50 113 74.0£14.9 47 73 60.8+6.9 24 43 33.7£5.1 12 100 39.5£19.8
M 14 42 77 55.9+7.5 54 70 62.7+5.7 29 40 35.5+4.2 23 81 44.4+20.3

8 F 14 42 89 63.2+13.0 53 71 63.6+5.5 28 41 36.0+4.1 13 81 48.1£20.1
M 18 45 64 52.4+7.0 54 80 67.7+8.9 29 51 39.8+7.5 20 80 42.0£20.1

12 B 13 45 75 54.2+8.8 50 83 69.5+9.4 27 53 41.3+£7.7 17 105 59.5+30.1
M 14 42 64 52.9+6.1 58 80 69.8+7.5 32 51 41.7£6.3 15 80 50.9£21.0

16 F 12 42 64 53.9+6.2 57 78 67.5£7.3 32 48 39.7£5.8 15 85 46.6+20.7
M 13 42 69 51.1£10.5 63 83 74.0+6.4 36 55 45.5+59 31 88 60.7£18.4

20 F 13 42 52 47.6+2.8 49 85 68.3+£11.6 26 56 40.949.6 24 88 55.0+24.2
M 14 33 69 47.4410.3 63 83 70.8+6.9 36 55 42.7+6.3 38 91 69.8+18.1

2 F 17 32 69 45.6+8.5 62 83 74.8+7.1 35 55 46.2+6.5 40 114 74.7+22.8

HR: Heart rate, EF: Ejection fraction, FS: Fractional shortening, IVST%: Interventricular septum thickening percentage, A: Age (Month), M: Male, F: Female,

Min: minimum, Max: maximum, SD: Standard deviation, 1: P<0.10

was indicated that the minimum and maximum values of
IVST shown huge variation in growing foals. Furthermore,
the standard deviation of means was also high comparing
to other parameters.

DISCUSSION

Since echocardiography is a non-invasive technique, it
might be used efficiently in diagnosis of the cardiovascular
system diseases and also monitoring the development of

the heart 'S. The 2-year developmental period following
birth is important especially in race horses. Detection
of cardiovascular system problems in this period will
protect the breeders from uneconomical investments.
Clinical reference values are required for comparison with
values. However, reference values regarding echocardio-
graphic measurements of the above mentioned 2-year
developmental period following birth is limited. In the
current study morphological and functional characteristics
of the heart were investigated by echocardiography in
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Fig 2. B-mod and M-mod echocardiogram obtained
from the right parasternal cardiac window using a
frequency of 2.5 Mhzin 20 months old thoroughbred
foal

Sekil 2. Yirmi aylik safkan ingiliz tayinda sag hemi-
torakstaki kardiyak pencereden 2.5 Mhz frekansta
alinan B-mod ve M-mod ekokardiyogram

Thoroughbred foals during the 2-year developmental
period following birth.

Internal diameter of left ventricle during systole and
diastole are widely used parameters in echocardiographic
examinations. These parameters are used to determine
the eccentric hypertrophies in sportsmen 2. It has been
reported that these parameters might increase in young
racing horses due to training 2! or due to some pathological
reasons such as aortic insufficiency %. Furthermore, these
parameters are important for the detection of overload
of the left ventricle in valvular insufficiencies, mitral and
aortic regurgitations or myocardial diseases '. In the
current study it was found that LVIDs and LVIDd increased
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Fig 1. B-mod and M-mod echocardiogram obtained
from the right parasternal cardiac window using a
frequency of 3.5 Mhz in 1 month old thoroughbred
foal

Sekil 1. Bir aylik safkan ingiliz tayinda sag hemi-
torakstaki kardiyak pencereden 3.5 Mhz frekansta
alinan B-mod ve M-mod ekokardiyogram

with age, but gender was not a significant factor for these
parameters. LVIDs and LVIDd determined in 24-month
old foals in the current study were lower than those
determined in adult horses & On the other hand, our results
are comparable to the results obtained from Spanish foals
investigated during a 1-year period following birth .

Generally the left ventricle is preferred in echocardio-
graphic examinations since measurement of RVID is known
to be less repeatable than left ventricular measurement
in horse 2. Echocardiographic examination of the right
ventricle is also suggested in horses because of the effects
of tricuspid valve insufficiencies, which is common in
horses. Since we could not find any research reporting
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normal reference values of RVIDd for foals younger than
2-year old, we could not compare our results. However,
RVIDd values determined in the current study were lower
than those of adult horses ?°. Stewart et al.” reported
an increase in RVIDd with age, although they did not
investigate the difference between adult horses and
growing foals. Therefore, being higher the values reported
for adult horses than those obtained from foals in the
current study was interpreted as a normal result. In the
current study, RVIDd determined in 4-month foals was
higher in females than in males; however it was higher
in males than in females both in the previous and the
next age groups. Any research reporting whether there is
a difference or not between males and females could not
be found. However, it has been reported that, there is not
a difference between males and females for dogs .
Conflicting results obtained from 3 different age groups
in the current study might be related with limited
reproducibility of the measurements 2.

Interventricular septum thickness is one of the echo-
cardiographic parameters used to investigate the effect
of exercise in race horses. It has been reported that #, in
race horses, IVSd is higher at the end of the racing season
than that of determined in the beginning of the racing
season. Furthermore, IVS has been found to be higher in
endurance- trained horses than strength-trained horses %.
Although the foals investigated in the current study
were in growing period, it has been reported that some
pathological situations might affect interventricular septum
thickness ?°. Therefore, IVSs and IVSd might be required
to be checked during echocardiographic examination of
the heart in growing foals. In the current study, IVSs and
IVSd determined in 24-mont old foals were comparable
with those reported previously *.1VSsand IVSd determined
in other age groups could not be evaluated since any
reported data including the 2-year period following birth
could not be found. On the other hand, any significant
difference in respect of IVSs and IVSd was not found
between males and females.

Left ventricular mass is one of the parameters providing
information about the whole of left ventricle since it
is calculated from free wall thickness of left ventricle,
interventricular septum thickness and internal diameter
of left ventricle ®'. It is used for evaluation of cardiac
hypertrophiesin human 32 and race horses *. In the present
study, it was found that LVM increased regularly with
age. It is obvious that this is a natural outcome of normal
physiologic growing *'. LVM values determined in 24-
month old foals in the current study are quite similar with
the LVM values determined in 2-year old Standardbred
horses . In the current study, LVM values determined in
Thoroughbred foals during the first 24-month period were
generally higher in males than females. Moreover, the
differences between males and females were statistically
significant on months 8 and 24. Similarly, higher LVM

values in males than in females were reported for adult
Thoroughbreds *.

Free wall thickness of left ventricle during systole or
diastole is one of the echocardiographic parameters that
are used to investigate the effects of training on heart in
race horses. It has been reported that while LVFWTs
increases, on the contrary LVFWTd decreases during
deconditioning period after training in race horses °.
However these two parameters are not only used for
investigating the training related adaptations, but also
detection of valve regurgitation, myocardial diseases such
as patent ductus arteriosus, septal defect, anemia or aortic
regurgitation and left ventricular overload '. Therefore
these parameters can be used for both adult racing horses
and also for foals and yearlings. In this study LVFWTd
linearly increased with age and after 12t month, it reached
to the values that measured on 3-4 years old standardbred
geldings 5. Such an increase may be explained by
increased free left ventricle wall contractility to exceed age
dependently increased peripheral resistance. Moreover
differences between males and females may be the result
of the same reason.

Mean wall thickness is arithmetic average of free wall
thickness of left ventricle and interventricular septum
during diastole. It represents the ventricle thickness. It
is also one of the parameters used for determination of
adaptation to training '°. It has been reported that mean
heart wall thickness increases with training in human 3.
MWT increase has been also reported in flat race horses
under traditional training programs °. Furthermore it has
been indicated that MWT increases with age in Standard-
bred race horses examined by echocardiography at 6
months intervals and it is correlated with body weight .
Similarly, in our study MTW increases with age.

Relative wall thickness is calculated by adding left
ventricle free wall thickness to interventricular septum
thickness and then dividing this to internal diameter of
left ventricle during diastole *. This is one of the para-
meters used for determination of cardiac adaptation
specific to sport branch in human and horses °. It has been
reported that RWT is lower in athletes doing endurance-
related sports; on the contrary it is higher in athletes doing
strength-related sports %. In the present study, left ventricle
associated other parameters increased concomitantly
with the increase in age of the foal or yearling. However
there was not steady increase or decrease in RWT. It was
reported that RWT and body weights are not correlated
in Standardbred horses . This supports our findings
indicated that although body weight increased in growing
foals, RWT did not changed. Furthermore, MWT and RWT
did not differ between males and females until 2 years old
age. Similarly no effect of gender has been reported in
adult horses *.

Heart rate can be changed depending on many



physiological factors. In addition various pathological
situations may affect heart rate **. HR may affect para-
meters associated with heart dimensions and functional
indexes in humans and horses during echocardiographic
measurements '. Because HR is more unstable in foals and
yearlings compared to adult horses, it should be taken into
account during echocardiographic measurements. In the
present study heart rate was 90 in one month old foals,
decreased with age and reached to 45-50 per minute in 2
years old yearlings. HR values measured until 4 month
olds are compatible with the values obtained from Spanish
foals '. Furthermore HR decrease with age has been
reported in previous studies %, although first few months
after parturition have been investigated in these studies.
In the present study decrease in HR continued until 2
years age. The other finding related to HR is there was a
big difference between maximum and minimum values
especially in first few months. In this period standard
deviation of means were also high. Because foals are more
sensitive to environmental stimulants during early ages,
big differences between maximum and minimums were
considered to be inevitable. HR of 8 months old female
foals tended to be higher than that of males. There was
no suitable explanation why this difference occurred
only during this period. This difference may be due to the
sensitivity of female foals to environmental stimulants
during this period or due to the different metabolic and
hormonal activities of females. Nevertheless it is not
possible to explain it fully.

The ejection fraction is the percentage of the left
ventricular volume that is ejected with systole; that is, the
ejection fraction is the ratio of stroke volume to the end-
diastolic volume **. It has been reported that EF and race
success are associated and it can be used as an indicator
of cardiac functions 3°. Furthermore studies that were
associated EF with training programs have reported both
decrease in EF depending on training °, and also some of
them reported no change *. In the present study there was
not linear age dependent decrease or increase in EF, unlike
other parameters. The obtained results are in accordance
with the EF results that were measured by in total of 20,
various bred adult horses *’. Similar to our results, It was
reported that there is no linear correlation between EF and
the age in cats *.

Fractional shortening is the percentage of change in
the left ventricular cavity dimension with systole *. FS is
commonly used clinical measurement of the global LV
systolic function and an indicator of ventricular compliance
and contractibility '. Results of the present study indicated
that FS did not show significant variation except first 4
months same like EF. This could be related to the low
peripheral resistance during first few months . Normal
reference ranges of FS reported to be between 32-45%
and below this levels were associated with pathological
conditions in studies carried out on adult horses. In the
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present study, considering minimum and maximum values
especially during the first months, some horses had values
below the indicated limits, yet there were not found any
cardiovascular problems by clinical examinations. The
lower results obtained from foals compared to that of
adult horses considered to be normal in this study and
explained by lower peripheral resistance in young horses
than that of adults.

Interventricular septum thickening percentage is used
as a functional indicator of left ventricle. It is calculated
using interventricular septum thickness during systole and
diastole *® and used for determining contractile features
of the heart. In the present study, there were significant
differences between maximum and minimum values
especially in younger horses and also SD was considerably
high. It has been reported that similar fluctuation has been
in growing cats and it is quite difficult to set reference
values. Nevertheless IVST values of 24 month old yearlings
in the present study are quite similar to values obtained
from adult horses “°. However there was also a difference
between maximum and minimum values in adult horses
same like youngsters and SD was also considerably high.

The results of this study give useful reference values
of dimensions and indices of cardiac function in growing
Thoroughbreds. Considering investigated parameters,
normal limits of echocardiographic parameters were found
to be different in growing foals compared to that of adults
and some variations were observed between males and
females time to time. Therefore it is concluded that when
interpreting results of echocardiographic examination in a
foal, it would be beneficial to compare these results with
the results of other foals at similar ages.
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