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The veterinary cardiology has growing importance in equine medicine. There are stud-
ies of standardization of electrocardiographic parameters of many races, according to their
stature and ability. However, no studies are in the literature with the American Miniature
Horse. To evaluate the electrocardiogram (ECG) tracing configuration of this breed at rest
and to verify the influence of age and sex on ECG parameters, 203 horses including 143
females and 60 males were divided into four age groups (foals, yearlings, adults and el-
derly). Electrocardiographic parameters were performed by computerized electrocardio-
gram (TEB), and the parameters were evaluated in six leads of frontal plane (Lead I, 11, I1I,
aVR, aVL and aVF) and base-apex (BA). Heart rates (HR) decreased with increasing age
were higher in males than in females. Sinus tachycardia followed by sinus arrhythmia was
dominant in both sexes. The cardiac axis was higher in males and ranged between 120° and
150° for foals, 30° and 60° for yearlings and adults, and 60° and 90° for the elderly. The P
wave was bifid in several animals. The P-wave amplitude and T-wave duration from lead
II and BA were larger in males than in females. The majority of the animals exhibited ST
segment depression and a negative T-wave. The most common QRS complex morphology
was Qr. Differences were observed between the electrocardiographic tracings of males and
females, and age influenced the ECG parameters. Therefore, this study established the ECG
patterns for the American Miniature Horse breed and could be used to determine the influ-
ence of age and sex on several of the studied variables.

INDEX TERMS: Equine, electrocardiogram, ponies, age, sex.

RESUMO.- [Parametros eletrocardiograficos de equi-
nos Mini Horse: influéncia da idade e sexo.] A cardiolo-
gia veterindria possui crescente importancia na medicina
equina. Existem estudos de padronizacdo dos parametros
eletrocardiograficos de muitas ragas, de acordo com sua
estatura e aptiddo. No entanto, ndo ha na literatura traba-
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lhos com os equinos da raga Miniature Horse. Os objetivos
deste trabalho foram avaliar a configuracdo do tragado do
eletrocardiograma (ECG) em repouso, de equinos desta
raca, além de verificar a influéncia do sexo e da idade sobre
os parametros eletrocardiograficos desses animais. Foram
utilizados 203 equinos desta raga, higidos, sendo 143 fé-
meas e 60 machos, classificados em quatro faixas etarias
(potros, sobreanos, adultos e idosos). Os exames eletrocar-
diograficos foram realizados por eletrocardiograma com-
putadorizado (TEB), e os parametros foram avaliados em
seis derivacdes do plano frontal (DI, DII, DIII, aVR, aVL e
aVF) e base-apice (BA). A frequéncia cardiaca (FC) dimi-
nuiu com a progressdo da idade, e foi maior nos machos
do que nas fémeas. O ritmo mais comum em ambos os se-
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xos foi taquicardia sinusal, seguido de arritmia sinusal. O
eixo cardiaco foi maior nos machos do que nas fémeas, e
nos potros ficou entre 120 e 150°, nos sobreano e adultos
permaneceu entre 30 e 60°, e nos idosos entre 60 e 90°. A
amplitude da onda P e a duracdo da onda T foram maiores
nos machos do que nas fémeas na DIl e BA. A maioria dos
animais apresentou segmento ST infradesnivelado e onda
T negativa. A morfologia do complexo QRS mais encontrada
em todos os casos foi Qr. Este estudo permitiu estabelecer
os padroes eletrocardiograficos para a raga Mini Horse e
conseguiu verificar a influéncia da progressdo da idade nas
diversas variaveis estudadas, bem como a diferenca entre
0S SEeX0S.

TERMOS DE INDEXACAO: Eletrocardiograma, equinos, poneis,
faixa etaria, sexo.

INTRODUCTION

In recent decades, the use of veterinary cardiology has
become significant in equine medicine by providing early
diagnosis and treatment of diseases and establishing prog-
noses related to the athletic performance of horses (Diniz
etal. 2011, Pedersen et al. 2013).

In addition to a careful clinical examination of the car-
diovascular system, an electrocardiogram (ECG) is an im-
portant part for a complete cardiac evaluation because it
recognises disorders in the formation and conduction of
cardiac impulses; moreover, ECGs can be used to diagnose
various arrhythmias and evaluate the evolution of certain
cardiac diseases (White and Rhode 1974, Diniz et al. 2008).
An ECG is a complementary, non-invasive, low-cost exam
that is easily performed in the field (Fregin 1982, Lessa et
al. 2012).

According to Hilwig (1977) and Illera et al. (1987), ECG
parameters differ among horse breeds, and thus specific
patterns must be identified for each breed. The orientation,
amplitude and duration of ECG waves depend on several
factors in addition to the specific breed, including age, sex
and the lead being examined (Robertson 1992, Ayala et al.
1995, Fernandes et al. 2004).

Standard ECG patterns and the associations of these
patterns with specific types of athletic activity have been
described for several types of horses, including Mangalarga
Marchador (Diniz et al. 2008), classic riding horses (Diniz
etal. 2011), English Thoroughbred (Fernandes et al. 2004),
Lusitano (Melchert et al. 2012), Andaluz (Ayala et al. 1995,
Ayala et al. 1998, Ayala et al. 2000), Quarter Horses (Manto-
vani etal. 2013, Palma et al. 2013), ponies (Buss etal. 1975,
Lombard et al. 1984, Rezakhani et al. 2010), Arabian (Yon-
ezawa et al. 2009, Dumont et al. 2010, Dumont et al. 2011)
and crossbred polo horses (Bello et al. 2012). However, the
ECG patterns of the American Miniature Horse breed have
not been studied.

American Miniature Horses have the conformation of
a horse in miniature and are proportionally muscular ac-
cording to the Brazilian Association of Breeders of Minia-
ture Horses. American Miniature Horses are used as pets
and for riding and pulling. The major unique features of
this breed include their suitability for housing in small
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spaces, low breeding costs, miniature size, strength, docil-
ity and rusticity. These characteristics have led to increased
popularity and numbers of the breed in Brazil. Although
the American Miniature Horse has the basic conformation
of a horse, differences in the conformation characteris-
tics of this breed compared to large breeds are observed.
Organic adaptations occur over time, and cardiovascular
functioning might vary according to the characteristics and
functions of different breeds. Therefore, this study aimed
to describe the ECG parameters of the American Miniature
Horse breed and verify the hypothesis that age and gender
influence in these parameters.

MATERIALS AND METHODS

Ethical considerations. This project had the approval of the
Ethics Committee on Animal Use - CEUA (n. 094/2012 CEUA), and
the owner of the farm gave informed consent.

Animals.A total of 203 American Miniature Horses were
evaluated, including 143 females (70.45%) and 60 males
(29.55%). The animals were from four different farms in the
Botucatu City region. The horses were between 15 days and 21
years old and weighed between 10 to 190 kg, with an average of
116.95+33.62 kg. All the horses were weighed indirectly with a
weight tape.

The animals were classified by age. There were 17 foals (15
days to 10 months, 11 males and six females), 68 yearlings (1-3
years, 27 males and 41 females), 70 adults (4-9 years, 16 males
and 54 females) and 48 elderly horses (10-21 years, 6 males and
42 females).

Clinical examination. Before beginning the study, the an-
imals were subjected to a clinical examination consisting of a
general physical examination (evaluation of the apparent mu-
cosa, hydration degree, and capillary refill time; lymph node
and arterial pulse palpation; cardiac and respiratory frequency
measurements; intestinal motility and ileocecal valve discharge
evaluation; and rectal temperature measurement) and an animal
history evaluation (current clinical signs and previous diseases).
The exclusion criterion for this study was the presence of altered
cardiac auscultation presenting as a cardiac murmur or arrhyth-
mia.

Electrocardiographic examination. For ECG, a computer-
ised device (ECG Acquisition Module PC-ECG, version 2.0. Tecno-
logia Eletronica Brasileira (TEB), Ltd., Sdo Paulo/SP, Brazil) was
used. The recording was performed with the animals haltered in
an area with floor plates coated in rubber. The animals remained
standing and stationary with their limbs parallel without seda-
tion, tranquilisation or anaesthetisation. The ECG tracing was
performed sequentially on each horse from leads in the frontal
plane (I, II, III, aVR, aVL and aVF), with the electrodes positioned
according to Fig. 1A.

The distribution of electrodes for the bipolar BA lead system
was as described by Patteson (1996) and is illustrated in Figure
1B.

The tests were performed at a speed of 50mm/second, and
the sensitivity was set to 1cm = 1 millivolt (mV) over 1 minute. At
least 10 complexes were analysed on each ECG (Fig.2). The heart
rate, morphology and duration (seconds) of the P, and T waves;
the QRS complex; and the PR and QT intervals were analysed for
each ECG exam recorded. Measurements of the P, R, T and S wave
amplitudes (mV); ST segment (normal, depression and eleva-
tion); and T wave polarity (positive, negative or biphasic) were
obtained from all seven leads. The mean cardiac electrical axis, as
expressed in degrees, was obtained from leads I and III.



Electrocardiographic parameters of the American Miniature Horse: influence of age and sex 553

Fig.1. The placement of electrodes on an American Miniature Horse to record the electrocardiogram from the leads. (A) The placement
of the electrodes to record from the six leads of the frontal plane (I, II, I1I, aVF, aVL, and aVF) for the electrocardiographic exam. The
right and left thoracic electrodes were positioned above the olecranon, and the right and left pelvic electrodes were positioned above
the patellar ligaments in the cranial face of each limb. (B) The placement of electrodes to record from the BA lead for the electro-
cardiographic exam. The yellow electrode was positioned on the left side above the cardiac apex immediately behind the olecranon.
The red electrode was positioned on the right side cranial to the scapula and near the jugular vein, and the ground electrode was

attached to the withers.
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Fig.2. Electrocardiographic tracing of an American Miniature Hor-
se from six leads of the frontal plane.

Statistical analysis. The effects of sex and age on the cardiac
parameters from the seven leads were evaluated. For the statis-
tical analysis, the dependent variables were the cardiac parame-
ters HR; the P and T wave duration; the PR, QT and QRS complex
interval duration in seconds; the P, R, S and T wave amplitude in
millivolts; and the axis in degrees were analysed by analysis of
variance (ANOVA) followed by Tukey-Kramer test using a statis-
tical program (Proc GLM, SAS Institute, Cary, NC). Normality and
homogeneity of variances were checked by Shapiro-Wilk and
Hartley tests, respectively. If necessary, logarithmic transforma-
tion was applied to data to improve normality. The sources of
variation in the model included sex (male and female), age (foal,
yearling, adult and elderly), and first-order interactions. All the ef-
fects were examined, and the animals were classified as a random
effect. In the absence of interaction, only main effect is presented.
The data are reported as untransformed least-squares means and
the standard error. For all the analyses, a significance level of 5%
(p<0.05) was used.

RESULTS

Electrocardiographic parameters

The physical examinations of the animals revealed nor-
mal vital parameters and no signs of cardiac or respiratory
disease.

Although it made the measurement of ECG parameters
in six leads of the frontal plane and the apex base, is detai-
led in the tables the DII information, as is the derivation
recommended for ECG interpretation, it is the most simi-
lar to the axis of heart depolarization. But the other leads
must be made to determine the cardiac axis. The BA provi-
des basis for determining the largest complex waves, which
facilitates the display, despite being reversed. In this work
were expressed both derivations because there was no bre-
ed standard.

Table 1 shows the HR and cardiac axis from lead I and
HR in the BA for the different age groups and sexes.

A positive bifid P-wave was detected in 5.4% (11/203)
of the animals analysed from lead II, whereas the others
presented a single, positive P wave.

Fourteen types of QRS complexes were observed in the
ECG examinations of the 203 American Miniature Horses
studied from lead II. In foals, the predominant morphology
was qR, followed by QS and R. In yearlings, most of the com-
plexes were type Qr, followed by qr and gR. In adults, the
predominant morphology types were Qr, QRS, qR and QS.
In the elderly horses, the predominant type was Qr, follo-
wed by qr and gqR. Other types, such as qrs, Rs, rs, gs, r5,
QRS, QRS and r, were rare in the four analysed age groups.
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One foal, three yearlings, three adults and one elderly
horse of the 203 (3.94%) horses exhibited a depression in
their ST segment from lead II. The extent of the unevenness
remained between 0.05 and 0.1 mV.

Effects of age and sex on electrocardiographic parame-
ters

The predominant cardiac rhythm in both sexes was si-
nus tachycardia, which was observed in 43.33% (26/60)
of males and 62.94% (90/143) of females. Sinus arrhyth-
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mia was observed in 35% (13/60) of males and 11.19%
(16/143) of females. Sinus rhythm was present in 21.67%
(21/60) of males and 23.08% (33/143) of females. Sinus
bradycardia was observed in 2.80% (4/143) of the females.
Two female yearlings (13 months) presented with sinus
arrhythmia with a wandering sinus pacemaker. A yearling
male (18 months) exhibited sinus arrhythmia and the pre-
sence of “sinus arrest”.

Table 2 describes the amplitude and Table 3 the dura-
tion of the waves, intervals and QRS complexes detected in

Table 1. Heart rate (HR) in beats per minute (bpm) and cardiac electrical axis
(degrees) in horses of the American Miniature Horse breed, according to age and sex

in leads Il and BA
Leads Sex HR (bpm) Axis (degree)
Mean+SE ~ Minimum- Confidence Mean+SE ~ Minimum- Confidence
Maximum Interval Maximum Interval
11 Female 67.3+1.9 25-121 59.4-64.7 79.8+12.1 -180-181 51.1-84.7
Male 68.1+2.4 28-145 61.3-73.8 74.1+15.3 -158-176  39.8-90.6
p-value 0.81 0.7709
Age
Foal 92.7+4.0° 56-145 82.7-105.5 128.3+25.0° -150-180 86.4-161.9
Yearling 66.1+2.12 25-108 61.7-70.3 54.6+13.0° -169-180 24.3-80.8
Adult 58.0+£2.0° 28-101 56.5-62.9 56.9+12.7° -173-181  50.6-90.0
Elderly 54.1+3.8° 35-85 50.3-59.0 67.8+23.8* -180-180 20.3-91.3
p-value <0.0001 0.0521
Sex
BA Female 62.2+1.7 25-121 59.4-64.7 - -180-181  51.1-84.7
Male 64.1+2.1 28-145 61.3-73.8 - -158-176  39.8-90.6
p-value 0.50
Age
Foal 80.0+£3.5¢ 56-145 82.7-105.5 - -150-180 86.4-161.9
Yearling 62.4+1.8% 25-108 61.7-70.3 - -169-180  24.3-80.8
Adult 56.7+1.7° 28-101 56.5-62.9 - -173-181  50.6-90.0
Elderly 53.3+3.4° 35-85 50.3-59.0 - -150-180  20.3-91.3
p-value <0.0001 -

a,b,c Different superscripts within the same column represent significant differences (p<0.05).

Table 2. Amplitude (millivolts) of the waves (P and T) of the electrocardiographic
exams of horses of the American Miniature Horse breed, according to age and sex in

leads Il and BA
Leads Sex P (mV) T (mV)
Mean+SE ~ Minimum- Confidence Mean+SE ~ Minimum-  Confidence
Maximum Interval Maximum Interval
11 Female 0.166+0.005* 0.09-0.28 0.16-0.17  -0.683+0.36 -42.00-0.51 -1.17 -(-0.02)
Male 0.198+0.006* 0.11-0.38 0.17-0.20  -0.245+0.46 -1.06-0.98 -0.40 - (-0.18)
p-value 0.0002 0.45
Age
Foal 0.167+£0.010* 0.10-0.26 0.15-0.20  -0.404+0.75 -0.77-0.38 -0.61-(-0.21)
Yearling  0.175+0.005* 0.09-0.28 0.16-0.18  -0.335%+0.39 -1.18-0.57 -0.43-(-0.24)
Adult 0.175+£0.005* 0.09-0.27 0.16-0.17  -0.278+0.38 -1.05-0.98 -0.36-(-0.21)
Elderly 0.211+£0.010* 0.12-0.38 0.17-0.21  -0.838+0.72 -42.0-0.52  -3.94-1.06
p-value 0.0124 0.92
Sex
BA Female 0.241+0.007* 0.12-0.45 0.23-0.25  0.223+0.06*° -1.06-1.20 0.18-0.33
Male 0.276+0.009° 0.13-0.48 0.24-0.28 -0.236+0.08" -1.45-1.27 -0.39- (-0.04)
p-value 0.0050 <0.0001
Age
Foal 0.230+0.015* 0.17-0.31 0.21-0.25 -0.031+0.137 -1.06-0.89  -0.40-0.26
Yearling  0.246+0.008* 0.12-0.42 0.23-0.26 -0.038+0.071 -1.18-1.27  -0.16-0.19
Adult 0.262+0.007* 0.15-0.45 0.24-0.27 -0.072%+0.067 -1.45-1.02 0.08-0.31
Elderly 0.295+0.014* 0.15-0.48 0.25-0.30 -0.029+0.130 -0.82-0.81 0.05-0.34
p-value 0.0083 0.68

a b,c Different superscripts within the same column represent significant differences (p<0.05).
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the ECG assessments from lead Il and the BA of the equines
of the American Miniature Horse breed according to sex
and age (foal, yearling, adult and elderly).

For the interaction of sex in each age group and its effect
on ECG parameters, significant differences were observed
in the PR and QT intervals and the R-wave amplitude from
lead II. In the BA, there were significant differences in the
amplitudes of the R and S waves.

The PR interval from lead II was higher in the female
yearlings than the male yearlings (p=0.0194) and male fo-
als (p<0.0001). In the females, the PR interval was similar
for all age groups. The PR interval was higher in the adult
males (p=0.0403) and elderly males (p=0.0021) than in the
yearling males. The PR interval was higher in the yearling
males (p=0.0085) and adult males (p<0.0001) than the foal
males. The PR interval values were lower in the yearling
males than the adult females (p=0.0264) and females ove-
rall (p=0.0014). The PR interval in the adult females was hi-
gher than that of the foal males (p<0.0001) and lower than
that of the elderly males (p=0.0319). The PR interval was
lower in the foal males than the elderly females (p<0.0001)
and foal females (p=0.0454), which had lower values than
the elderly males.

The elderly males had higher values of the R-wave
amplitude than the foal males (p=0.0047) and fema-
les (p=0.0006), yearling males (p<0.0001) and fema-
les (p<0.0001), adult males (p=0.0006) and females
(p<0.0001), and elderly females (p<0.0001). The elderly
females had lower values than the adult males (p=0.0205)
and foals (p=0.0115).

The QT interval of the female yearlings was lower
than that of the adult males (p=0.0189), elderly males
(p=0.0174) and elderly females (p=0.0316). The QT in-
terval of the foal females was higher than that of the foal
males (p=0.0469) and lower than that of the yearling fe-
males (p=0.0232), adult females (p=0.0080), adult males
(p=0.0004), elderly females (p=0.0007) and elderly males
(p=0.0005). The male foals had lower QT intervals than the
yearling females (p<0.0001) and males (p<0.0001), adult
females (p<0.0001) and males (p<0.0001), and elderly fe-
males (p<0.0001) and males (p<0.0001). The yearling ma-
les had lower QT intervals than the adult males (p=0.0011)
and elderly females (p=0.0016) and males (p=0.0027). The
QT intervals of the adult females were higher than those of
the yearling males (p=0.0424) and lower than those of the
adult males (p=0.0343) and elderly males (p=0.0302).

From the BA lead, the R-wave amplitude was greater in
the elderly males than in the yearling females (p=0.0013)
and males (p=0.0101), adult females (p=0.0023), elderly
females (p=0.0018) and foal males (p=0.0047). The adult
males had higher R-wave amplitudes than the yearling fe-
males (p=0.0150), adult males (p=0.0281) and elderly fe-
males (p=0.0235). The amplitude of the S wave was lower
in the adult females than the yearling females (p=0.0404)
and males (p=0.0272), adult males (p=0.0447), elderly ma-
les (p=0.0073) and foal females (p=0.0297). The elderly
males exhibited higher amplitudes of the S wave compared
to the foal females (p=0.0256) and males (p=0.0086), whi-
ch had lower values than the foal females (p=0.0303).

Table 3. Duration (seconds) of the waves (P and T), intervals (PR and QT) and QRS complexes of the electrocardiographic exams of horses of the American Miniature

Horse breed, according to age and sex in leads Il and BA

T (sec)

Min.-

QT(sec)

QRS (sec)

PR (sec)

Min.-

P (sec)

Sex

Leads

Confidence

Mean+SE Min.- Confidence MeantSE Min.- Confidence Mean+SE

Confidence

Confidence Mean+SE

Min.-

Mean+SE

Interval

0.06-0.27 0.15-0.16 0.053+0.002 0.03-0.34 0.05-0.06 0.369+0.04 0.25-0.50 0.36-0.37 0.108+0.005 0.04-0.55 0.09-0.11

0.148-+0.03 0.06-0.22 0.13-0.15 0.052+0.003 0.03-0.10 0.05-0.05

Max.

Interval

Max

Interval

Max.

Interval

Max

Interval

Max.

0.162+0.03

Female 0.070+0.002 0.04-0.16 0.06-0.07

Male
p-value

0.19-0.49 0.33-0.37 0.109+0.006 0.04-0.19 0.10-0.11

0.35+0.06

0.067+0.003 0.04-0.12 0.06-0.07

0.90

0.8193

0.55

Age
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DISCUSSION

The HR variation among the age groups was similar to that
described in studies of ponies, which are smaller than hor-
ses but have a conformation similar to that of American Mi-
niature Horses. In the ECG of 52 adult female ponies, the
mean HR was 43.6+1.2 bpm in the 12 leads examined (Buss
et al. 1975); however, the values in this study for adult and
elderly animals were higher, ranging from 58.0+2.0 and
54.1+3.8 bpm, respectively. This difference is most likely
due to the larger size of ponies compared to American Mi-
niature Horses. No significant differences were observed
between the HR of ponies younger or older than 15 years
(Rezakhani et al. 2010). The average HR obtained by those
authors was lower than that observed in this study, most li-
kely because of the difference in the number of elderly ani-
mals evaluated and the larger size of the ponies compared
to the American Miniature Horse.

A decrease in HR with increased age has been observed
in various horse breeds (Fernandes et al. 2004, Diniz et al.
2008, Palma et al. 2013) because metabolic rate decreases
with corporal growth. Thus, energy metabolism is higher
in smaller animals and generates an increase in the relative
need for oxygen and blood flow to compensate for higher
metabolic rates (Ferasin et al. 2010, Schwarzwald et al.
2012). In addition, other factors influence the increased ac-
celeration of metabolism of young animals, including thy-
roid hormones and cortisol levels (Valentini & Parati 2009,
Lamb et al. 2010). In one study of pony foals from birth un-
til 90 days of age (Lombard et al. 1984), the HR values were
similar to those observed in this study, which included foals
up to 10 months.

The cardiac axis of the American Miniature Horse dif-
fered from the axis of other breeds described in the litera-
ture. In Thoroughbred foals, the cardiac axis was shifted
to the left and averaged 16+67° (Fernandes et al. 2004),
whereas in this study, animals of identical ages exhibited
cardiac axis shifts to the right that averaged 128.3+25°. The
significant differences in variations of the axis between the
age groups in this study reflect a change in the size and
position of the heart in the chest during the growth and
physical maturation of the animal. In contrast to American
Miniature Horses, foals up to two months of age exhibited
predominantly negative values on the cardiac axis (Ayala
etal. 1998).

Numerous researchers have described the susceptibil-
ity of horses to heart rate variations (White and Rhode
1974, Fregin 1982, McGuirk & Muir 1985, Miller 1987).
Many changes have been detected regardless of illness or
functional heart impairment; these changes are attributed
to the high number of variations in the vagal tone at rest
and are considered benign or physiological (McGuirk &
Muir 1985, Miller 1987, Vicenzi et al. 2000a). Pathological
conditions such as atrial fibrillation, third-degree atrio-
ventricular block (AVB) and atrial and ventricular (Hilwig
1977) extrasystoles should be differentiated; however,
these conditions were not observed in this study of 203
American Miniature Horses nor in 52 pony mares in a pre-
vious study (Buss et al. 1975).

Cardiac arrhythmias attributed to the vagal tone (sinus
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arrhythmia, sinoatrial block, “sinus arrest,” sinus brady-
cardia, migratory pacemaker, and first and second-degree
atrioventricular blocks) are observed in healthy horses
(McGuirk & Muir 1985, Robertson 1990). In this study, one
occurrence of “sinus arrest” and two occurrences of a mi-
gratory pacemaker were observed.

The predominant rhythm in this study was sinus tachy-
cardia, possibly due to the restlessness of the animals dur-
ing examination. In a previous study of ponies, arrhythmias
with a regular rhythm were detected with a Holter monitor
(24 hours) in 3 of 24 animals (Rezakhani et al. 2010). In
the remaining 21 animals, the authors observed six types
of arrhythmias, with sinus arrhythmia and second-degree
atrioventricular block being the most common. In one ani-
mal of the group that was older than 15 years, a premature
ventricular complex (PVC) was detected. In this study, no
PVC or other pathological arrhythmias were observed in
any of the evaluated animals.

The P wave in horses has a generally variable morphol-
ogy that hampers its standardisation because it can be in-
fluenced by breed, sex and age (Illera et al. 1987, Melchert
et al. 2012). In Andaluz horses, different morphologies of
P, including bifid P, single P and biphasic P, were observed
(Ayala et al. 1998). In a previous study, the occurrence of
bifid and positive P waves was described in 68.3% of Man-
galarga Marchador horses, whereas the occurrence of the
biphasic P wave was 25% to 6.7% (Diniz et al. 2008). Simi-
larly, the authors reported that the biphasic P-wave mor-
phology was the most frequent and occurred in 58.3% of
the evaluated animals (Melchert et al. 2012). In this study,
a single and positive P wave occurred in 94.6% (192/203)
of the animals. In one study of ponies, a bifid P wave oc-
curred in approximately 50% of the animals from the 12
leads that were studied (Buss et al. 1975). In the present
study, the presence of single P waves was likely the result
of the higher HRs observed in these animals.

The QRS duration from lead II did not differ between
the age groups in this study. These results are not consist-
ent with previous observations in Quarter Horses in which
animals older than 10 years had higher QRS durations than
younger animals (Mantovani et al. 2013).

In equine medicine, unevenness of the ST segment
might indicate myocardial hypoxia or changes in the levels
of potassium and blood pH (Babusci & Lépez 2006). Un-
evenness of the ST segment above 0.3 mV could be indica-
tive of shock, endotoxemia, abdominal pain, or electrolytic
disorders (White & Rhode 1974, Diniz et al. 2011, Dumont
et al. 2011). In this work, a limited number of animals
(3.94%) exhibited an uneven segment that did not exceed
0.1 mV.

The conformation of the T wave might differ between
horses at rest, even with spontaneous tracing changes.
However, this finding was not observed in other studies
(Patteson 1996, Sheard 1998). Knowledge of T-wave mor-
phology in horses is important when monitoring electro-
lytic and ischemic disorders in which hypoxia and myocar-
dial infarction occur and when monitoring subjects under
anaesthesia (Diniz et al. 2008).

In this study, differences in the P-wave durations were
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observed from lead II between the age groups; however,
no differences in T waves were observed. In a study of 150
Mangalarga horses, the morphology, duration and ampli-
tude of the waves, intervals and segments were influenced
by age, breed and sex, and the P and T waves were influ-
enced by age (Vicenzi et al. 2000Db).

An ECG profile of 60 Mangalarga Marchador horses (39
females and 21 males) ranging in age from 1 to 28 years
(Diniz et al. 2008) revealed an increase in the P-wave am-
plitude with animal growth similar to that observed in this
study of the American Miniature Horse. The duration of the
QRS complex was also higher in males than in females (Di-
niz et al. 2008), which was not observed in the American
Miniature Horse.

The findings of this study based on the BA lead are con-
sistent with a previous examination of the cardiac parame-
ters of 12 pony foals (Lombard et al. 1984), which are simi-
lar in size to American Miniature Horse foals, and with the
values of the PR and QT intervals, which were lower in the
foals than in the other age groups. These findings suggest
that the ventricular conduction velocity is lower in foals
than in adult animals because of their smaller heart size.

CONCLUSIONS

This study allowed us to establish the ECG examination
parameter benchmarks for the American Miniature Horse
in six leads of the frontal plane and BA.

Heart rates (HR) decreased with increasing age and
were higher in males than in females.

Sinus tachycardia followed by sinus arrhythmia was do-
minant in both sexes. The cardiac axis was higher in males
and ranged between 120° and 150° for foals, 30° and 60°
for yearlings and adults, and 60° and 90° for the elderly.

The P wave was bifid in several animals. The P-wave
amplitude and T-wave duration from lead II and BA were
larger in males than in females.

The majority of the animals exhibited ST segment de-
pression and a negative T-wave.

The most common QRS complex morphology was Qr.

Differences were observed between the electrocardio-
graphic tracings of males and females, and age influenced
the ECG parameters.

Although the American Miniature Horse is similar in
size to pony breeds, the results revealed differences that
indicate the unique features of this breed.
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