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Auscultatory and electrocardiographic characteristics of
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diographic characteristics of Crioulo horses. Pesquisa Veterindria Brasileira 34(3):281-
289. Hospital de Clinicas Veterinarias, Departamento de Medicina Veterinaria, Centro de
Ciéncias Agroveterinarias, Universidade do Estado de Santa Catarina, Av. Luiz de Camdes
2090, Lages, SC 88520-000, Brazil. E-mail: fonteque@hotmail.com

In order to determine auscultatory and electrocardiographic characteristics of Criou-
lo horses, one hundred animals ranging between one and twenty-six years of age (21
stallions, nine geldings, 27 pregnant mares e 43 not pregnant mares) were evaluated. The
cardiac auscultation was performed during the clinical examination of the cardiovascular
system, evaluating frequency, rate, normal and abnormal heart sounds (heart murmurs).
The electrocardiographic examination followed the bipolar base-apex derivative system
with animals at rest, by using an ECG-PC TEB equipment. The cardiac frequency, heart rate,
morphology, duration, wave and complex amplitudes and interval durations were deter-
mined. The results were submitted to ANOVA and Tukey tests with an error probability of
5%. The cardiac auscultation revealed presence of functional systolic and diastolic murmur
(10.00%) and systolic murmur compatible with tricuspid regurgitation besides normal
heart sounds S, (100.0%), S, (100.0%), S, (19.0%) and S, (34.0%). The cardiac frequency
obtained the average of 43.64 bpm, observing significative differences in relation to sexual
and age factors and training level. The sinus rhythm was the most frequent (57.00%), follo-
wed by sinus tachycardia (38.00%) and sinus arrhythmia (5.00%), being observed rhythm
disturbances in 16% of tracings. The P and T waves were observed more frequently in their
forms P bifida positive (95.00%) and biphasic T (91.00%), being variable at tracing. There
were also observed Q waves in 12.00% of the tracings. Thus, it was concluded that the aus-
cultatory characteristics of Crioulo horses are according to the described in the literature
for the species and the sexual factor, category, age factor and training level can influence
some electrocardiographic parameters.

INDEX TERMS: Electrocardiogram, ECG, cardiology, horses, cardiovascular.

RESUMO.- [Caracteristicas auscultatorias e eletrocar-
diograficas de equinos da raca Crioula.] Com o objetivo
de determinar as caracteristicas auscultatérias e eletro-
cardiograficas de equinos da raca Crioulo foram avalia-
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dos 100 animais (21 garanhdes, nove machos castrados,
27 fémeas prenhes e 43 fémeas vazias) com idades entre
um e 26 anos. A auscultacdo cardiaca foi realizada junto
ao exame clinico do sistema cardiovascular, avaliando-se
frequéncia, ritmo e sons cardiacos normais e anormais
(sopros). O exame eletrocardiografico seguiu o sistema de
derivacdo bipolar base-apice, com os animais em repou-
so, utilizando-se um aparelho ECG-PC TEB. Foram deter-
minadas a frequéncia (FC) e ritmo cardiaco, morfologia,
duracao e amplitude de ondas e complexos e duragdo
de intervalos. Os resultados foram submetidos ao teste
ANOVA e teste Tukey com probabilidade de erro de 5%.
A auscultacio cardiaca evidenciou além dos sons cardi-
acos normais S, (100,0%), S, (100,0%), S, (19,0%) e S,
(34,0%), presenca de sopro funcional sistélico e diastolico
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(10,00%) e sopro sistélico compativel com regurgitagdo
tricispide. A FC obteve valores médios de 43,64 bpm, ob-
servando-se diferencas significativas em relacdo ao fator
sexual, etario e nivel de treinamento. O ritmo sinusal foi o
mais frequente (57,00%), seguido de taquicardia sinusal
(38,00%) e arritmia sinusal (5,00%), sendo as alteragdes
do ritmo observadas em 16% dos tracados. A andlise de
ondas, complexos e intervalos foram observadas diferen-
cas significativas quanto a fatores sexual, etario e nivel de
treinamento. As ondas P e T foram observadas com maior
frequéncia em suas formas P bifida positiva (95,00%) e
T bifasica (91,00%), sendo variavel no tracado. Também
foram observadas ondas Q em 12,00% dos tracados. Con-
clui-se que as caracteristicas auscultatérias de equinos da
raca Crioula estdo de acordo com o descrito na literatu-
ra para a espécie e que o fator sexual, a categoria, o fator
etdrio e o nivel de treinamento podem influenciar alguns
parametros eletrocardiograficos.

TERMOS DE INDEXACAO: Eletrocardiograma, ECG, cardiologia,
equinos, cardiovascular.

INTRODUCTION

The horse has its origin in equine population from the Ibe-
rian Peninsula, which had been brought to America by Spa-
nish and Portuguese people. From the seventeenth century
many of these horses have been lost or abandoned, star-
ting to create wild herds distributed throughout America.
Since then, the breed was formed by natural selection du-
ring four centuries, being shaped in a hostile environment,
where only the strongest survived and managed to pass on
their genes to future generations. Thus, the horse acqui-
red its own characteristics, achieving worldwide notoriety
from the twentieth century on, when several associations
were created (ABCCC 2011).

According to Beck (1989), the horse can tolerate hard
tests, with eminently practical and economical quality. It
presents qualities as great fertility, genotypic prepotency,
adaptability, ability to guide cattle and docility, concluding
that the main reason for its breeding lies in its endurance,
sobriety and rusticity. Cardiology has assumed great im-
portance in the Veterinary Medicine, not only for the detec-
tion of cardiac abnormalities and appropriate treatments,
but also for establishing prognoses both athletic life as sur-
vival, rationalizing the athletic campaign or the activity that
is intended (Diniz 2006).

In horses, cardiac abnormalities are referred to as the
third major cause of performance degradation in athletes,
after musculoskeletal and respiratory alterations (Martin,
Reef & Parente 2000). Cardiac auscultation is an extremely
important component of cardiovascular clinical examina-
tion (Speirs 1999), because it allows the diagnosis of se-
veral cardiac disorders or the detection changes such as
arrhythmias, murmurs, pericardial friction rub, splitting
of heart sounds and other changes, either pathological or
physiological (Mendes Neto 2008). The murmurs are audi-
ble as vibrations produced by turbulent blood flow during
a cardiac cycle normally silent (Speirs 1999). According to
Marr (2005), heart murmurs are very common in horses,
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occurring in 65-80% of horse breeds athletes. Although
most cardiac murmurs are physiological, others provide
evidence of heart disease and may require further investi-
gation (Bonagura & Reef 2000). Functional heart murmurs
(physiological) may be present without evident cardiac
disease, being associated with left ventricular ejection,
hypoproteinemia and anemia (Marr 2005). Pathological
heart murmurs include valve regurgitation, septal defects,
vascular lesions and less commonly in the horse, valve
stenosis (Bonagura & Reef 2000). To assist in their iden-
tification, murmurs can be classified to auscultation, being
used as a reference for subsequent examinations (Patteson
1996).

Cardiac arrhythmias are very common in horses, but
their presence does not imply directly into heart disease
(Marr 2005). According to Robertson (1992) healthy hor-
ses incidence of arrhythmias are about 25% to 30%, whe-
re these are attributed to the high variation of vagal tone
at rest, being considered benign or physiological. But they
must be differentiated from pathological conditions such
as atrial fibrillation, third degree atrioventricular and pre-
mature atrial and ventricular blocks (Hilwig 1977, Miller
1989). The electrocardiogram (ECG) is an important diag-
nostic method in recognizing the formation and conduction
disturbances of the cardiac impulse, being able to identi-
fy many arrhythmias and should always be interpreted in
conjunction with accurate clinical examination of the car-
diovascular system (White & Rhode 1974). However, orien-
tation, amplitude and duration of the ECG waves depend
on several factors, including the animal’s age, breed, sex,
derivation examined and fitness (Reef 1992). In the equi-
ne species the ECG is valid for determining the frequency,
rhythm and conduction times. The determination of heart
size by evaluating the complex is limited, since the genesis
of the ECG is different from that which occurs in humans
and small animals (Reef 1985) and horse shows some
particularities in cardiac depolarization (Bonagura & Reef
2000). Therefore, the determination of arrhythmias and
conduction disturbances is still the main indication for the
realization of ECG in horses (Reef 1985). The bipolar base-
-apex derivative system is one of the systems used in hor-
ses that has great practicality for the location of electrode
placement, besides presenting regular tracings with com-
plex of large amplitude, facilitating thus the reading (Ayala
et al. 1994, Patteson 1996).

Due to the scarce literature about cardiovascular eva-
luation in Crioulo horses, the purpose of this study is to
determine the auscultatory and electrocardiographic cha-
racteristics of horses from this breed in relation to age, re-
productive period and level of training.

MATERIALS AND METHODS

One hundred equines aged between 1 and 26 years were used,
represented by 21 stallions, nine geldings, 27 pregnant mares
(middle third of pregnancy) and 43 not pregnant mares. The ani-
mals were obtained from five ranches located in Cabanha OCA,
Mafra-SC; Cabanha Impulso, Sdo Bento do Sul-SC; Estancia Rio da
Pedra, Rio Negrinho-SC; Cabanha JM, Rio Negrinho-SC; Cabanha
Rio Bonito, Ponta Grossa-PR. The horses were distributed in four
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groups according to age: group 1, consisted of animals younger
than two years old (n=15); group 2, animals from three to five
years (n=28); group 3, animals from six to ten years (n=25) and
group 4, animals over 11 years (n=32). To evaluate the influence
of the level of training, horses were grouped into: animals in train-
ing (n=31); untrained animals (n=15); animals handled (n=9) and
animals unhandled (n=12).

First, the horses were evaluated by clinical examination of
the cardiovascular system according to Speirs (1999), with the
aid of a stethophon for auscultation and evaluation of frequency,
rhythm, normal and abnormal heart sounds (murmurs). In the
presence of murmurs, these were classified as time, duration, lo-
cation, intensity and quality according to Speirs (1999). The pre-
sence of any health disorder was used as a criterion for exclusion
of animals. For the electrocardiographic examination was used
the ECG-PC TEB equipment, with AC 177 cable connected to a
voltage stabilizer. The equipment was adjusted for the speed of
25mm/s and sensitivity of 1cm=1mV, being registered tracings
during a five-minute period. The examinations were performed
without any chemical tranquilization, with the animal contained
in standing position on a rubber floor in order to minimize in-
terference. The arrangement of the electrodes followed the bi-
polar base-apex derivative system described by Patteson (1996),
connected to the animal’s skin through metallic conductors hu-
midified with alcohol 70% to produce more conductivity betwe-
en the electrodes and the skin of the animal. The tracings were
analyzed in derivation I (DI) to determine the frequency (bpm)
and heart rate, morphology, duration (sec) and amplitude (mV.)
of the waves and complex, and leveling of ST segment (mV). Sta-
tistical analysis of data was performed by means of ANOVA and
Tukey test to compare the averages, assuming a probability of
error of 5% according to Curi (1998). The project was filed and
approved by the Ethics Committee on Animal Experiments (CE-
TEA) from Universidade de Santa Catarina (UDESC) under num-
ber 1.18.11.

RESULTS AND DISCUSSION

The results concerning the relative frequency (%) of nor-
mal heart sounds S1, S2, S3 and S4 (heart sounds) listened
individually and combined (Table 1), agreed with the state-
ments of Patteson (1996), Speirs (1999), Bonagura & Reef
(2000), Mendes Neto (2008) and Marr & Bowen (2010),
where three (S1, S2, S3 or S1, S2, S4) or four (S1, S2, S3, S4)
heart sounds may be evidenced on auscultation in normal
horses. However, in other species, such as dogs and cats,
the presence of S3 and S4 sounds are considered abnormal.
Thus, the presence of three or four heart sounds constitu-
tes the evidence of cardiac diseases in these species (Tilley
& Goodwin 2002). The frequency of S3 and S4 in ausculta-
tion shows that these sounds may be auscultated in some,
but not in all horses, according to Patteson (1996). Accor-
ding to Marr & Bowen (2010) S3 and S4 heart sounds are
commonly listened in pure blood racing horses and the S4
sound less frequent in ponies. Patteson (1996) states that
the S3 sound is most often auscultated in equine athletes
and less common in older horses and ponies. The current
study reveals lower frequency of S3 sound in senile horses
(15.79% -3/19), corroborating the statements of Patteson
(1996).

Diastolic murmurs with functional features focus on mi-
tral valve were auscultated in three equines (Table 1) (Pat-
teson 1996, Bonagura & Reef 2000, Marr 2005). Functio-

nal diastolic murmurs occur in early in the third or middle
part of diastole and are heard on the base of the heart or
left atrioventricular area, corresponding to the mitral valve
(Marr 2005), being generally mild (Bonagura & Reef 2000).
According to Patteson (1996), Bonagura & Reef (2000),
Marr (2005) and Marr & Bowen (2010) these murmurs can
often be strident or musical, a fact that was not observed in
this current study.

Systolic murmur over the focus of the aortic valve was
identified in one horse, being classified as systolic ejection
murmur, which is considered the most common functional

Table 1. Number (n) and relative frequency (%) of normal
heart sounds (S1, S2, S3 and S4) listened individually and
combined, abnormal sounds (murmurs) and heart rate
detected at cardiac auscultation of 100 horses from
Crioulo breed

Variables Number (n)  Percentage (%)
Normal heart sounds*

S1 100 100.00
S2 100 100.00
S3 19 19.00
S4 34 34.00
S1,S2 60 60.00
S1,S2,S3 6 6.00
S1,S2,S4 21 21.00
S1,S2,S3, 54 13 13.00
Abnormal heart sounds (murmurs)

Mesodiastolic mitral grade I-VI 3 3.00
plateau shaped murmur

Holosystolic tricuspid grade I1-VI 1 1.00
crescendo shaped murmur

Mesosystolic tricuspid grade I-VI 6 6.00
crescendo shaped murmur

Mesosystolic aortic grade I-VI 1 1.00
crescendo/decrescendo murmur

Total 11 11.00
Heart rhythm

Sinus rhythm 53 62.00
Sinus tachycardia 47 47.00
Pause during auscultation 3 3.00
Dysrhythmia 3 3.00

* 81, S2, S3 and S4 = normal heart sounds of the cardiac cycle.

murmur in horses (Patteson 1996, Bonagura & Reef 2000).
According to Patteson (1996) and Marr & Bowen (2010),
systolic ejection murmurs may be auscultaded in 60% and
66% of normal horses respectively, and according to Pat-
teson (1996) they are more evident in athletic horses and
foals. Patteson & Cripps (1993) found a high prevalence of
systolic ejection murmurs (53%) in racing horses. Accor-
ding to the obtained in this current study, horses showed
low frequency of this type of murmur. Physiological or
functional murmurs are common in horses without he-
art disease (Patteson 1996, Bonagura & Reef 2000, Marr
2005), and may be related to the large size and the huge
volumes of inflow and flow of the heart in this species (Bo-
nagura & Reef 2000). According to Patteson (1996), Speirs
(1999), Bonagura & Reef (2000) and Marr (2005) physio-
logical murmurs may also be associated with high speed of
blood flow related to decreased of blood viscosity in cases
of anemia, hypoproteinemia, high sympathetic activity (co-
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lic, exercise), fever or peripheral vasodilation. Due to the
fact that the evidence of murmur may be related to con-
genital heart disease or valve insufficiency, it is important
that physiologic murmurs are properly distinguished from
pathological murmurs (Marr 2005).

Systolic murmurs over tricuspid valve area have been
evidenced in the cardiac auscultation of seven animals (Ta-
ble 1). The characteristics of these murmurs indicate that
these are related to the tricuspid valve regurgitation. Ac-
cording to Marr & Reef (1995), Marr (2005) and Marr &
Bowen (2010) valve regurgitation may occur in the absen-
ce of valvular pathology, being described as physiological
regurgitation, showing no clinical significance. This type of
regurgitation is associated to small regurgitant jets which
produce low-intensity soft murmurs (Marr & Reef 1995).
The factors that influence the physiological regurgitation
are not well elucidated yet, and may involve not only neuro-
endocrine factors, but also changes in the geometry of the
ventricles as part of the adaptation of the heart to exercise
and training (Marr & Bowen 2010).

A grade II holosystolic murmur in tricuspid area gro-
wing, compatible with tricuspid regurgitation murmur
associated with this valve disease, which, according Bo-
nagura & Reef (2000) and Marr & Bowen (2010) may be
the pathologic murmur detected more frequently in horses
has been observed in one of the seven animals cited. Accor-
ding to Patteson (1996) and Bonagura & Reef (2000) aus-
cultation of a horse with this change reveals a holosystolic
murmur of grade II to V/VI with maximal intensity over the
area of the tricuspid valve, consistent with the one obser-
ved in this study. For Marr & Bowen (2010) the murmur
may present growing character, however, Patteson (1996)
and Bonagura & Reef (2000) cite that the murmur has cha-
racter of plateau and decrescendo, respectively. It is impor-
tant to remember that the horse in question was clinically
healthy, with no signs of declining performance. According
to Patteson (1996), Bonagura & Reef (2000) and Marr &
Bowen (2010) tricuspid regurgitation is rarely associated
to the impairment of performance in athletic horses. For
Bonagura & Reef (2000) the systolic murmur of tricuspid
regurgitation may be an incidental finding detected during
routine examination, however it becomes more problema-
tic when identified in a horse with low performance. There-
fore we can suppose that the horse in question may present
a mild valve alteration, which produced no apparent hemo-
dynamic consequences.

In relation to cardiac rhythm identified on auscultation,
the most common was the sinus, followed by sinus tachy-
cardia (Table 1). Pauses during the auscultation were iden-
tified in three horses (Table 1). In two of these animals, the
pauses were characterized by the periodic absence of S1
and S2, with currently absolute silence, where isolates S4
were not identified. These findings characterize sinus ar-
rest (Patteson 1996, Speirs 1999). Periodic pauses charac-
terized by the absence of S1 and S2 and presence of isolate
S4 sounds were identified in one of the three mentioned
horses, characterizing second-degree atrioventricular blo-
ck (AVB 2nd degree) according to Patteson (1996) and
Speirs (1999).
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Presence of dysrhythmia has been evidenced on auscul-
tation in three horses (Table 1). Of these, two were charac-
terized by cyclic irregularity in heart rate, which were not
associated with breathing, indicating sinus arrhythmia (Pat-
teson 1996). According to Patteson (1996) sinus arrhythmia
can, but is not necessarily associated, to breathing. Atrial
premature complex (APC) has been identified on ausculta-
tion of an equine, characterized by regular sinus rhythm in-
terrupted by a premature beat (S1 followed by S2), followed
by a diastolic longer pause (Patteson 1996, Bonagura & Reef
2000). All cardiac rhythm disturbances detected by auscul-
tation were later confirmed by ECG, which emphasizes the
importance of an accurate cardiac auscultation.

In the analysis of the electrocardiographic tracing, heart
rate or cardiac rhythm most frequently observed was the
sinus (Table 2), similar to observations of Fernandes et al.
(2004), Diniz et al. (2008), Dumont et al. (2010) and Diniz
et al. (2011), where this rhythm was the most common in
horses. This result is in accordance with Patteson (1996),
who considered it as a physiological rhythm in this species.
Sinus tachycardia was the second most frequent rhythm
followed by sinus arrhythmia (Table 2). Diniz et al. (2011)
also found sinus tachycardia as the second most frequent
rhythm (23.0%), followed by sinus arrhythmia (20.0%) in
jumping horses. However Diniz et al. (2008) found sinus
arrhythmia (28.2%), followed by sinus tachycardia (6.7%)
in equines of Mangalarga Marchador breed.

The sinus tachycardia is considered a common rhythm
in equines, which may be physiological in the absence of
other clinical signs being associated with pain, fear, exci-
tation or exercise (Fregin 1992, Patteson 1996). The fre-

Table 2. Number and relative frequency (%) of heart
rhythms and heart rhythm disturbances observed in the
electrocardiographic tracing of 100 Crioulo horses

Variable Number (n) Percentage (%)
Heart rhythm

Sinus rhythm 57 57.00
Sinus tachycardia 38 38.00
Sinus arrhythmia 5 5.00
Total 100 100.00
Heart rhythm disturbances

Sinus arrest 2 2.00
Mobytz tipe 1 second-degree 1 1.00
atrioventricular block (22AVB)

Wandering pacemaker 4 4.00
Wandering pacemaker and atrial 3 3.00
premature complexes

Atrial premature complexes (APC) 5 5.00
Ventricular premature complexes (VPC) 1 1.00
Total 16 16.00

quent presence of this rhythm in this study may be associa-
ted with the excitation of the animals at the moment of the
physical and electrocardiographic examination. Diniz et al.
(2008) related the excitation resulting from the placement
of the electrodes and the consequent delay in the return of
heart rate (HR) to baseline values to the frequent presen-
ce of tachycardia. In this current study in Crioulo horses
sinus tachycardia has been identified more often on aus-
cultation (Table 1) in relation to the electrocardiographic
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tracing (Table 2). This result may have been influenced by
the moment of the auscultation, in the early period of the
examination. At this time the animals could be frightened
and not accustomed to the environment where the test
was conducted. It should also be taken into consideration
that the recording of the electrocardiogram was obtained
during five minutes. At this period we can observe gradual
reduction in HR of the animals, reaching values closer to
the baseline.

Sinus arrhythmia can be normally found in equines at
rest (Fregin 1992), being associated to changes in vagal
tone (Patteson 1996). Ayala et al. (1995) found sinus ar-
rhythmia as the most common rhythm in equines of the
Andalusian breed. However Patteson (1996) states that
this rhythm has a low frequency in equines at rest being
more common during the recovery phase after exercise, es-
pecially after light exercise. Only two of the five horses with
sinus arrhythmia (Table 2) were identified by auscultation
(Table 1). This fact may have occurred due to changes in the
autonomic nervous system, which in the period of auscul-
tation could not be manifesting. Raekallio (1992) observed
periods of sinus arrhythmia in most of the evaluated horses
using Holter monitoring, apparently caused by variation in
the autonomic nervous system. Alterations in heart rate
have been observed in the evaluation of the electrocardio-
graphic tracing in 16.0% of the animals (Table 2).

Sinus arrest, AVB 2nd degree and wandering pace-
maker are considered physiological arrhythmias to equine
species, being influenced by the high vagal tone, therefore
they should be abolished with exercise or excitation (Hilwig
1977, Reimer 1992, Mitten 1996, Patteson 1996, Marr & Bo-
wen 2010). According to Patteson (1996) blocking sinus is
rarely pathological in equines. Patteson (1996) and Marr &
Bowen (2010) argue that this arrhythmia is not uncommon
in this species, but is less frequent than AVB, a fact that was
not observed in animals of this current study. The AVB 2nd
degree is considered the most common arrhythmia in equi-
nes, which can be observed in up to 30% of horses at rest
(Patteson 1996) and according to Marr & Bowen (2010) is
detected in more than 40% of equines at rest using Holter
monitoring. The current study revealed low frequency of
this arrhythmia in equines from the Crioulo breed (Table
2). Diniz et al. (2008) also found a low frequency of AVB
2nd degree in equines from Mangalarga Marchador breed,
attributing to the fact that the horses were not being phy-
sically conditioned. It must be considered that in this study
31% of the evaluated animals were being physically condi-
tioned, and observation of AVB 2nd degree occurred in an
unconditioned animal. Thus, there may be breed influences
regarding the occurrence of this arrhythmia. The AVB 2nd
degree observed in the current study in Crioulo horses is of
the type Mobitz type 1, which according to Patteson (1996)
is the most common in horses.

Wandering pacemaker is commonly observed in horses,
and according to Hilwig (1977) and Raekallio (1992) may
be present in 30% of healthy horses and at rest. In a study
conducted with jumping horses, Diniz et al. (2011) obser-
ved wandering pacemaker in 25% of animals. The current
study shows a low frequency of this arrhythmia in Crioulo

horses (Table 2), consonant with Diniz et al. (2008) who
found 6.7% of this arrhythmia in equines from Mangalarga
Marchador breed.

Non physiological variations in heart rate were found
which were characterized by atrial premature complexes
(APC) and premature ventricular complexes (PVC) (Table
2). According to Patteson (1996) APC is an supraventricu-
lar arrhythmia that is relatively common in horses and may
be seen in clinically healthy animals. According to Mitten
(1996), the APC may occur with equines at rest, with no
association to exercise intolerance, and can decrease or di-
sappear during exercise. Patteson (1996) cites that the APC
may be more frequent during exercise than at rest, or can
be detected during exercise in animals that had no APC at
rest. However, they may show signs of myocardial disease,
electrolyte imbalance, toxemia, sepsis, hypoxia or chronic
valvular disease, being a significant finding in animals with
low athletic performance (Patteson 1996). The PVCs are
relatively uncommon in equines in comparison to other
species (Patteson 1996) being an indicative of myocardial
disease (Mitten 1996). However Patteson (1996) asserts
that in the absence of other abnormalities, the presence of
an isolated PVC on an evaluation by Holter may be of no sig-
nificance, however it must alert to the possibility of myo-
cardial disease. Mitten (1996) asserts that the PVC is an in-
dicative of myocardial disease even in the absence of other
abnormalities and it must be considered meaningful if the
rate increases during exercise or presents multiform. It is
noteworthy that the animals in which APC and PVC were
observed clinically healthy and without any complaint of
low athletic performance, therefore, they can be conside-
red clinical findings for the sample. Only one Crioulo horse
with APC of the nine horses that had APC and PVC has been
identified on auscultation, a fact that can be attributed to
the low frequency of these changes during the electrocar-
diographic tracing. Thus, during the auscultation the APC
and PVC may not have manifested.

The average HR (Table 3) found itself within the range
for adult horses at rest described by other authors as Hi-
lwig (1977) and Fregin (1992), in which the values cited
are 22 to 50bpm and 26 to 50bpm respectively. According
to Diniz et al. (2011) HR is a parameter that can vary ac-
cording to the sport, gender and breed of the animal. Sig-
nificant differences were observed (P<0.05) in relation to
gender and pregnant mare category for HR (Table 4). This
result differs from those found by Vincenzi (1995), Diniz
et al. (2008) and Diniz et al. (2011), which found no sexual
influences on HR in other breeds. This difference may be
due to the difference between male and female body, since
such characteristics are higher in males. Significant diffe-
rences have been observed in relation to HR of pregnant
mares in relation to other categories such as not pregnant
mares, stallions and geldings (Table 4). Fernandes et al.
(2004) found no difference between pregnant mare and
other categories such as foals and yearling animals. Accor-
ding to Liberatori Filho, Lopes & Lopes (1998), adaptive
changes occur in the maternal organism during pregnancy
which according to Campos Filho (1992) are particularly
meaningful in the circulatory system. These physiological
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adjustments include an increase on blood volume, heart
rate, cardiac output, besides reduction of systemic vascular
resistance, resulting in the development of a hemodynamic
state of high output. Thus, the current study in Crioulo hor-

Table 3. Average values (x) and standard deviation (SD) of
the heart rate duration (s) and amplitude (mV) of waves and
complexes, length of interval (s) and ST supra-unlevelling
(mV) observed in the electrocardiographic tracing of 100
horses from Crioulo breed

Variable* Average and SD
Heart rate (bpm) 43.640+11.578
Duration P (sec) 0.126+0.022
Amplitude P single (mV) 0.238+0.043
Amplitude P1 (mV) 0.108+0.034
Amplitude P2 (mV) 0.274+0.066
Interval PR (sec) 0.272+0.044
Duration QRS (sec) 0.120+0.012
Amplitude Q (mV) -0.040+0.012
Amplitude R (mV) 0.211+0.185
Amplitude S (mV) -1.613+0.491
Interval Q-T (sec) 0.483+0.049
Duration T (sec) 0.142+0.021
Amplitude T - (mV) -0.536+0.268
Amplitude T + (mV) 0.197+0.149
ST segment Supra-unlevelling (mV) 0.196+0.056

* bpm = beats per minute; sec = seconds; mV = millivolts.

Table 4. Average values and standard deviation (x+SD)
of heart rate (HR), duration (sec) and amplitude (mV)
of waves and complexes, intervals duration (sec) and ST
supra-unlevelling (mV) of the electrocardiographic tracing
of pregnant mares , not pregnant mares, stallions and
geldings from Crioulo breed

Variable* Pregnant mare Not pregnant Stallion Gelding

mare

HR (bpm) 52.926£10.357 43.674+9.920°

36.190+8.670° 33.000+£6.481¢

Jackson Schade et al.

ses, demonstrates that this physiological behavior can also
be observed in the equine species.

There were significant differences (P<0.05) for HR in re-
lation to age group (Table 5). This result corroborates with
the results observed by Fernandes et al. (2004) where the-
re was a decrease in HR when compared to one-year old fo-
als and yearling animals. Thus, we can affirm that the body
development observed until the age of two has influence on
HR at rest. Animals older than 11 years showed differen-
ces (P<0.05) when compared to animals between 3-5 years
and 6-10 years. This result may be due to the large number
of pregnant mares present in this group, which contributed
to increase the average. The level of training presented no
significant difference (P>0.05) between animals in training
and untrained animals. However, differences were obser-
ved (P<0.05) among unhandled animals in relation to ani-
mals in training and untrained animals (Table 6). These re-
sults may be associated to physiological adaptations of the
myocardium during exercise, characterized by ventricular
hypertrophy and consequent decrease in HR (Young 2005).
Therefore, we might suppose that these physiological adap-
tations are of minor magnitude or absent. However, it must
be taken into account that unhandled animals may be more
frightened and clinical and electrocardiographic examina-
tion can lead to more excitation, increasing HR.

The average values concerning the duration of waves,
intervals and complex (Table 3) were found according to

Table 5. Average values and standard deviation (x+SD)
of heart rate (HR), duration (sec) and amplitude (mV)
of waves and complexes, intervals duration (sec) and ST
supra-unlevelling (mV) of the electrocardiographic tracing
of equines from Crioulo breed according to age group

P (sec)

P + single
(mV)

P1 (mV)
P2 (mV)
P-R (sec)
QRS (sec)
Q(mV)

R (mV)

S (mV)
Q-T (sec)
T (sec)
T-(mV)
T+ (mV)

0.132+0.032°

0.103+0.036*
0.270+0.064*
0.259+0.025°
0.118+0.012%
-0.046+0.009*
0.142+0.105
-1.357+0.475°
0.464+0.045°
0.136+0.021°
-0.444+0.256°
0.184+0.117°

ST + (mV) 0.179£0.048"

0.123+0.016°
0.220£0.036*

0.106+0.030*
0.264+0.060°
0.269+0.046°
0.118+0.011°
-0.027+0.012°
0.174+0.145°
-1.725+0.406°
0.478+0.051°
0.141+0.019*
-0.600£0.261
0.153+0.071°
0.192+0.052°

0.127+0.016°
0.245+0.049*

0.121+0.036*
0.313+0.065°
0.272+0.045°
0.125+0.012*
-0.045+0.0072
0.335%0.262*
-1.629+0.603
0.496+0.038%
0.142+0.022*
-0.424+0.231°
0.290£0.164*
0.235+0.055°

0.127+0.014°

0.102+0.038°
0.249+0.076*
0.320+0.051°
0.129+0.012°
-0.040+0.014*
0.299+0.184*

-1.800+0.389*

0.537+0.024°
0.159+0.015°
-0.721+0.252°
0.127+0.042°
0.177+0.060°

Variable*  1to 2 years 3to5years 6to 10 years Older than
11 years
HR (bpm) 50.600+12.023 39.964+8.988> 37.520+7.975° 48.375+12+419°
P (sec) 0.120£0.017* 0.126+0.014* 0.130+0.034* 0.126+0.017*
P + single - 0.230+0.000* 0.215+0.049° 0.300+0.000°
(mV)
P1(mV) 0.119+0.025* 0.106+0.037* 0.113+0.036* 0.100+0.032°
P2 (mV) 0.306+0.068* 0.276+0.063* 0.244+0.055° 0.279+0.068
P-R(sec) 0.250+0.036° 0.274+0.040®* 0.295+0.052* 0.262+0.037°
QRS (sec) 0.109+0.009* 0.124+0.011* 0.124+0.010* 0.120+0.011°
Q(mV) - -0.035+0.013* -0.035+0.021* -0.045+0.008°
R (mV) 0.148+0.106° 0.217+0.166* 0.241+0.220° 0.216+0.204°
S (mV) -1.799+0.435* -1.714+0.509* -1.638+0.570* -1.416+0.377°
QT (sec) 0.445+0.036° 0.494+0.053* 0.511+0.035* 0.469+0.044°
T (sec) 0.134+0.011** 0.145+0.021* 0.150+0.023* 0.136+0.019°
T-(mV) -0.657+0.237* -0.525+0.284% -0.620+0.269* -0.421+0.227"
T+ (mV) 0.143+£0.103* 0.214+0.105* 0.212+0.226* 0.193+0.118*
ST+ (mV) 0.212+0.042* 0.200£0.062* 0.203+0.066* 0.180+0.045°

* (bpm) = beats per minute; P (sec) = P wave duration in seconds; P + sin-
gle = P positive single wave in millivolts; P1 (mV) = first component of P
bifida wave in millivolts; P2 (mV) = second component of P bifida wave
in millivolts; P-R (sec) = PR interval in seconds; QRS (sec) = QRS com-
plex duration in seconds; Q (mV) = Q wave duration in seconds; R (sec)
= R wave duration in seconds; S (sec) = S wave duration in seconds; Q-T
(sec) = QT interval duration in seconds; T (sec) = T wave duration in se-
conds; T - (mV) = T negative wave amplitude in millivolts; T + (mV) =T
positive wave amplitude in millivolts; S-T + (mV) = ST supra-unlevelling
in millivolts.

2For the same letters there is no significantly difference (<0.05) in the
same line.
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* (bpm) = beats per minute; P (sec) = P wave duration in seconds; P + sin-
gle = P positive single wave in millivolts; P1 (mV) = first component of P
bifida wave in millivolts; P2 (mV) = second component of P bifida wave
in millivolts; P-R (sec) = PR interval in seconds; QRS (sec) = QRS com-
plex duration in seconds; Q (mV) = Q wave duration in seconds; R (sec)
= R wave duration in seconds; S (sec) = S wave duration in seconds; Q-T
(sec) = QT interval duration in seconds; T (sec) = T wave duration in se-
conds; T - (mV) = T negative wave amplitude in millivolts; T + (mV) =T
positive wave amplitude in millivolts; S-T + (mV) = ST supra-unlevelling
in millivolts.

2 For the same letters there is no significantly difference (<0.05) in the
same line.
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Table 6. Average values and standard deviation (x + SD)
of heart rate (HR), duration (sec) and amplitude (mV)
of waves and complexes, intervals duration (sec) and ST
supra-unlevelling (mV) of the electrocardiographic tracing
of equines from Crioulo breed according to the level of
training

Variable* Handled Unhandled
HR (bpm) 35.871+7.032° 40.133+8.634" 41.333+3.571* 51.083+14.811°

In training Untrained

P (sec) 0.127+0.012* 0.123+£0.020* 0.121+0.017*  0.121+0.019°
P + single - 0.243+0.060° 0.230+0.000*  0.230£0.000°
(mV)

P1 (mV) 0.113+0.035* 0.103+£0.037* 0.111+0.034* 0.117+0.026°
P2 (mV)  0.281+0.066 0.234+0.051° 0.318+0.046* 0.292+0.086%
P-R(sec)  0.290£0.048* 0.278+0.063* 0.258+0.034* 0.249+0.038*
QRS (sec) 0.124+0.009° 0.125+0.011° 0.118+0.014* 0.109+0.011°
Q(mV) 0.038£0.015* -0.030+0.014* -0.040+0.000° -

R (mV) 0.273£0.245* 0.220+0.175* 0.214+0.159* 0.166+0.122°
S (mV) 1.624+0.454* -1.757+0.394* -1.871+0.353* -1.848+0.400°
QT (sec)  0.498+0.040° 0.509+0.057° 0.472+0.036*° 0.451+0.050°
T (sec) 0.144+0.021*® 0.157+0.023* 0.133+0.010° 0.136+0.014°
T-(mV) 0.518+0.274* -0.637+0.269* -0.522+0.210* -0.631+0.303*
T+(mV) 0.234+0.204* 0.154+0.101* 0.213%£0.100* 0.160+0.127°
ST+ (mV) 0.194£0.065* 0.195+0.033* 0.236+0.063* 0.198+0.054"

* (bpm) = beats per minute; P (sec) = P wave duration in seconds; P + sin-
gle = P positive single wave in millivolts; P1 (mV) = first component of P
bifida wave in millivolts; P2 (mV) = second component of P bifida wave
in millivolts; P-R (sec) = PR interval in seconds; QRS (sec) = QRS com-
plex duration in seconds; Q (mV) = Q wave duration in seconds; R (sec)
= R wave duration in seconds; S (sec) = S wave duration in seconds; Q-T
(sec) = QT interval duration in seconds; T (sec) = T wave duration in se-
conds; T - (mV) = T negative wave amplitude in millivolts; T + (mV) =T
positive wave amplitude in millivolts; S-T + (mV) = ST supra-unlevelling
in millivolts.

? For the same letters there is no significantly difference (<0.05) in the
same line.

the standards described by Patteson (1996) for equine
species. These results found themselves in similar parts to
those found by Ayala et al. (1994) and Diniz et al. (2008) in
horses from Andalusian and Mangalarga Marchador bree-
ds, respectively. Thus it is probable that the breed has not
influence on the variation of these parameters, agreeing
with Diniz et al. (2008). Regarding the amplitude of the wa-
ves (Table 3), Ayala et al. (1994) found different values in
relation to these parameters. However Diniz et al. (2008)
found similar values for R wave amplitude, however other
variables showed great difference especially on T positive
and negative waves amplitude. Thus, we can suggest that
the breed is a factor of variation on electrocardiographic
parameters. However, statistical inferences would be nee-
ded for attesting this influence in Crioulo horses, requiring
future studies on the issue.

There were significant differences (P<0.05) concerning
gender and category in relation to the amplitude of P2, PR
interval, QRS duration, R-wave amplitude, S wave ampli-
tude , QT interval, T positive and negative waves amplitu-
de and ST supra-unlevelling (Table 4). Diniz et al. (2008)
found sexual influences regarding R and S waves ampli-
tude in equines from Mangalarga Marchador breed using
the base-apex derivation system. The authors attributed
the result to body difference between males and females.
Thus, there may be sexual influences on electrocardiogra-
phic variables. Regarding the category pregnant mare, the

differences may have occurred due to the interference of
pregnancy on the positioning of the heart, in agreement
with observations made by Fernandes et al. (2004). As re-
gards the age factor, there was statistic difference (P<0.05)
compared to the P2 amplitude, PR interval, QRS duration,
QT interval, T positive and negative waves duration (Table
5). Diniz et al. (2008) did not obtain significant differences
in electrocardiographic variables in relation to age factor
in equines from Mangalarga Marchador breed. Diniz et al.
(2011) observed the influence of age on electrocardiogra-
phic parameters, however the authors used the classical
system of derivation of members.

Significant differences (P<0.05) have also been obser-
ved in relation to the level of training being obtained for
P2 amplitude, QRS complex duration, QT interval and T
wave duration (Table 6). These results demonstrate that
performance level may influence the electrocardiographic
variables in horses. Generally between groups of gender,
age and performance, it was observed that the behavior of
QT interval occurred in a manner inversely proportional to
HR, confirming affirmations made by Vincenzi et al. (2000),
Fernandes et al. (2004) Diniz et al. (2011). Thus, the diffe-
rences (P<0.05) observed for this variable may have been
influenced by variations in HR in each group. Agreeing with
Diniz et al. (2008) the P and T waves have been observed in
100% of the traces and they have a morphological pattern
consistent with Patteson (1996) described. The frequency
of morphological representations of P and T waves obser-
ved in the electrocardiographic tracing (Table 7) was diffe-
rent from that found by Diniz et al. (2008), wich revealed
P wave bifid (68.3%), single (25.0%) and biphasic (6.7%),
and T positive wave (11.0%), negative (20%) and biphasic
(61.7%). Thus, we can observe a large variation in the dis-
tribution of morphological forms of these waves between
Crioulo and Mangalarga Marchador breeds. It was obser-
ved in the analysis of the electrocardiographic tracing great
variation concerning the morphology of the T wave with
spontaneous changes during the trace, agreeing with affir-
mations made by Patteson (1996) and Sheard (1998). This
fact has not been described in equines from Mangalarga
Marchador breed (Diniz et al. 2008). According to Patteson
(1996) T wave changes can also be seen in animals with he-
art disease, electrolyte disturbances and systemic disease.
However these changes are highly variable and nonspecific,
and thus they are of minor diagnostic utility.

Table 7. Number (n) and relative frequency (%) of Q, R and
S waves and the morphological representation of P and T
waves of the electrocardiographic tracing of 100 horses
from Crioulo breed

Variable Number (n) Percentage (%)
P positive single wave (+) 4 4.00

P positive bifid wave (+ +) 95 95.00

P bifid wave (- +) 1 1.00

T negative wave (-) 5 5.00

T biphasic wave (- +) 91 91.00

T positive wave (+) 4 4.00

Q wave (-) 12 12.00

R wave (+) 92 92.00

S wave (-) 100 100.00
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Variations have also been observed in relation to the
morphology of the P wave in the tracing which have been
influenced by the HR. With the increase of the HR, the P
wave changed their bifid positive form to positive only due
to the fusion of the P1 and P2 components. A similar phe-
nomenon has been observed by Senta, Smetzer & Smith
(1970) in trotting equines during exercise. The results ob-
tained in this study showed that P wave morphology can
be influenced by alterations in HR of Crioulo horses at rest.
The frequency of observation of waves Q, R and S in the
electrocardiographic tracing obtained in this study (Table
7) differed from those found by Diniz et al. (2008), for Q
(3.3%) and R waves (73.3%). Other authors did not obser-
ve the presence of Q wave in trotting equines from Andalu-
sian breed, at the same bipolar base-apex derivation (Ayala
etal. 1994). Diniz et al. (2008) suggested that the presence
of Q wave on the electrocardiographic tracing could be a
racial particularity.

CONCLUSIONS

According to the content exposed in the current study,
we can conclude that the auscultatory characteristics of
Crioulo horses are according to the described in the litera-
ture for the species.

The functional and pathological heart murmurs were
found in low frequency, and part of the arrhythmias were
detected during auscultation. The analysis of the electro-
cardiographic tracing showed low frequency of arrhyth-
mias being sinus arrhythmia the most common. The sexual
factor, category, age factor and level of training may influen-
ce some electrocardiographic parameters.

Considering that the evaluated horses presented some
peculiarities in comparison to other breeds, it was possible
to obtain an auscultatory and electrocardiographic pattern
for the horses of Crioulo breed.
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