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 Introduction
Several researchers have analyzed the heart rate (HR)

response to exercise and training in Greyhounds [13, 27],
sled dogs [5, 6, 24, 29] and Labrador Retrievers [28]. HR is
the main determinant of the cardiac output (CO) and the
maximum oxygen uptake (VO2max). The VO2max represents
the maximum capacity for oxygen consumption by the body
during exertion and it is a commonly used determinant of
aerobic and cardiovascular fitness in horses and humans [2,
10]. Therefore, a direct relationship exists between HR
response to exercise and VO2max [8, 32]. Additionally, the

increase of HR during exercise is used in horses and human
beings to predict energy expenditure and cardiovascular
functionality; it helps to design individual training programs,
to select the fittest athletes and to detect overreaching and
overtraining [1, 11, 14, 20]. Many factors are involved in the
HR response to exercise, such as relative exercise intensity
and duration, hydration and electrolyte status, performance,
training level and subclinical diseases [20]. Sled dogs attain
HRs of 238 and 202 bpm after 30 and 60 km of competition
[5] and mean HRs of 245-300 bpm are achieved by
Greyhounds immediately after a race, because of the highly
increased metabolic requirements upon the regulation of the
sympathetic system [13], but to the author knowledge, there
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RÉSUMÉ

Fréquence cardiaque, paramètres électrocardiographiques et arythmies
lors d’exercices d’agilité chez des chiens à l’entraînement

Cette étude a pour objectifs de suivre la fréquence cardiaque lors d’un exercice,
de déterminer les caractéristiques électrocardiographiques et l’incidence des
arythmies durant les phases d’exercice et de récupération chez des chiens
entraînés pour des parcours d’agilité. Quinze chiens entraînés ont réalisé
une épreuve d’agilité sur une distance de 360 à 400 m. ponctuée de 40 obs-
tacles. La fréquence cardiaque a été mesurée pendant l’épreuve et pendant
les 30 premières minutes de récupération. Des électrocardiogrammes ont été
réalisés au repos, immédiatement après l’épreuve et 5, 15 et 30 minutes
après (récupération) en utilisant les dérivations I, II, III, aVR, aVF et aVL.
La forme, la durée et le voltage des ondes cardiaques ainsi que la durée des
différents intervalles ont été mesurés. Le parcours d’agilité a induit un travail
cardiaque correspondant à 71.67 % du travail maximal, les fréquences car-
diaques étant principalement comprises entre 45-50 % et entre 70-75 % de
la fréquence maximale. Les chiens entraînés pour l’agilité ont présenté des
voltages des ondes P et R inférieurs à ceux obtenus chez d’autres athlètes
(chiens de traineau et greyhounds) de même que des durées du complexe
QRS et de l’intervalle QT plus courtes alors que la durée de l’intervalle PQ
a été augmentée. Des arythmies d’origine vagale ont été mises en évidence
chez tous les animaux avant l’épreuve puis leur fréquence a diminué durant
les 15 premières minutes de récupération. Aucun animal n’a développé d’a-
rythmie pathologique. Ainsi, l’épreuve d’agilité ne requiert pas un travail
cardiaque aussi intense que celui nécessaire à des exercices intenses et de
courte durée (course) ou à des épreuves d’endurance (course de traineaux)
et l’ensemble de ces résultats suggère l’induction d’une hypertrophie car-
diaque moindre que dans les autres cas. Ce type d’exercice pourrait être proposé
dans les programmes d’entrainement afin d’améliorer la fonction cardiovas-
culaire. 
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is not available information about HR response during an
agility competition in dogs.

Cardiovascular adaptations to training have been docu-
mented in sled dogs at rest [5]. Heavily trained sled dogs had
increased frequency of grade I-II/VI early to mid-systolic
heart murmurs, longer QRS duration and QT intervals and a
significant rightward shift in the mean electrical axis of ven-
tricular depolarization in the frontal plane. All these changes
associated with training have been also reported in human
beings, with the so-called “athlete’s heart syndrome” [25]. In
addition, resting sinus bradycardia derived from neurovege-
tative adaptations is a common finding in trained human ath-
letes and dogs [6, 15, 16]. A 15% reduction in resting HR has
been shown in dogs after an endurance training program
[16]. On the contrary, CONSTABLE et al. [6] did not find a
decrease in resting HR with training in sled dogs. The diffe-
rences between authors could have been due to the different
fitness level and to the difficulty in obtaining a true resting
state and/or the familiarization of the animals with the pro-
cedures during training, as demonstrated for horses [18, 19].
On the other hand, physical exercise has been considered as
an eliciting cause of dysrhymthias in dogs and human
beings, particularly in the vicinity of maximal exercise and
during the early recovery period [22]. The main reasons
implied in this high incidence of heart arrhythmias were
myocardial ischemia during exercise, increased catecholamine
release and mobilization of free fatty acids [22].

The present research focused on the HR response to agility
competitions, recorded at 5 sec intervals, and on the assess-
ment of the resting electrocardiograms in comparison to the
values described for sedentary, sled-trained and race-trained
dogs. Furthermore, the incidence of both physiological and
pathological arrhythmias immediately after the agility com-
petition and during the first 30 min of recuperation was
determined and the degree of cardiovascular stress imposed
by agility competitions, both at short- (exercise) and long-term
(training) exercises was assessed. 

Materials and Methods

ANIMALS AND AGILITY COMPETITIONS

A total of 15 agility trained-dogs (9 females and 6 males),
1.5 to 11.5 years old, from different breeds, with body weights
(BW) between 3.6 and 37.5 kg were included in the current
study. All of them were successfully taking part in national
competitions at the moment of the experiment. Before the
study, a complete veterinary examination was performed, cons-
isting of an exhaustive physical examination, lungs and heart
auscultation, blood and biochemical analysis, electrocardiogram
and echocardiogram. Only animals free of pathological mur-
murs, arrhythmias, clinical and/or laboratorial anomalies were
included in the research. All the animals were fed with com-
mercial dog foods formulated for performance dogs, provi-
ded water ad libitum during the whole day and in accordan-
ce with their normal schedule of the daily training session.

During the training program, all animals were trained 2
days at week for almost 1 year. Daily training sessions consisted

of three exercise loads with durations of 5-10 min/load. In each
load, the animals covered a course with 30 obstacles and with
a rest period of 20-25 min between each exercise load. The courses
were designed by the trainers and the number and difficulty
of the obstacles differed according to the training level of
each animal. Daily exercise time ranged between 15 and 30 min. 

The dogs performed an agility competition (AC), with two
courses of 200 m without resting between them. Each course
had 20 obstacles, including open and closed tunnels, weave
poles, dog walk, A-frame, see-saw, bar jumps and tire jumps.
Exercise times were recorded on digital stopwatches.

ASSESSMENT OF THE CARDIAC FUNCTION

HR Monitoring 

HR was recorded throughout the AC and during the first 30
min of recuperation with a HR-meter (Polar Horse Trainer®)
at 5 sec intervals and after that, data was transferred to a
computer. The changes of HR during the AC, the temporal
distribution of HR data and the highest HR were assessed.
During the exercise, the absolute intensity of AC was consi-
dered as under submaximal (USM) when HR was lower than
60% HRmax (i.e. HR lower than 180 bpm), within submaxi-
mal (WSM) when HR was comprised between 60 and 80%
HRmax (i.e. HR between 180 and 240 bpm) and as over sub-
maximal (OSM) when HR was higher than 80% HRmax (i.e.
HR higher than 240 bpm), the HRmax being fixed to 300
bpm [27], although it was not achieved during the AC.

Electrocardiogram recording

Electrocardiograms (ECGs) were recorded with the dogs
in a standing position, because it was easier to restraint the
animals in this position than in lateral or sternal recumbency.
The fore- and hind limbs were placed perpendicular to the
table, all the legs were separated and the head and neck were
parallel to the table, in the same plane as the long axis of the
body. All the recordings were made without sedation and for
that reason, a period of time (less than 1 min) was allowed to
the animals in order to adapt to the electrocardiographic and
management procedures and to minimize the effect of the
excitation. The electrodes were attached to skin folds by alligator
clips, and points of electrode attachment were saturated with
a solution of alcohol and ECG gel. The electrodes were attached
at the palmar aspect of the left and right foreleg over the ole-
cranon and at the cranial aspect of the left and right hind limb
over the patellar ligament. ECGs were recorded with a three-
channel electrocardiograph (Cardioline®) in leads I, II, III,
aVR, aVL, and aVF, at a chart speed of 50 mm/s and with a
sensitivity of 10 mm/mV. ECGs were recorded at the follo-
wing times: at rest, before the AC, during the first min after
the AC and at 5, 15 and 30 min of recuperation.

Electrocardiographic measurements

For each lead, HR, duration and voltage of P, QRS and T
waves, duration of ST segment and PQ and QT intervals
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were measured. Since the duration of the electrical ventricular
systole might be influenced by HR, a QT interval duration
corrected for HR (QTc) was calculated according to Bazett’s
formula [3]: QTc1 = QT/√RR3 with RR representing the
duration of RR interval measured in seconds. In addition,
another formula established more recently by
TATTERSALL et al. [30] in conscious dogs was also used:
QTc2 = QT – 87 (60/HR-1). Moreover, because QT, QTc1
and QTc2 are also dependent on HR, a QTindex was built as
QTindex = (QT+QTc1)/2 [6] for providing a measurement of
the duration of QT independent of HR.

STATISTICAL ANALYSIS

Results are presented as mean ± standard deviation (SD).
The ECG parameters are presented as the mean of three heart
cycles analyzed in lead II and the incidence of heart arrhyth-
mias were assessed in the six leads. The correlations between
the different ECG parameters were studied by a Pearson product-
moment correlation. A level of significance of P < 0.05 was set. 

Results
The mean exercise time was 100 s, ranging between 80 and

120 s. The distribution of HR during exercise is presented in
figure 1 as percentages of observations in the three ranges of
HR, i.e. USM, WSM and OSM. HRs were included in the
USM class for 52.63% of the time and in the WSM class for
the rest of time (47.37%). No animal achieved the HRmax
described for dogs and highest HR values were approximately
220 bpm. During the AC, the HRs were mainly comprised
between 156 and 160 bpm for 9.311 s and between 211 and
215 bpm for 13.77 s.

Table I presents the resting ECG parameters in agility dogs
in comparison to previous data reported for trained and
sedentary dogs by other authors. All values found in the agility
dogs were within normal ranges for healthy dogs. The per-
centage of heart arrhythmias is shown in Table II according
to the phase of the agility competition (exercise versus reco-
very). No pathological arrhythmias were found at rest, after
exercise or during recuperation. However, physiological
arrhythmias related to changes in the autonomic tone were
observed. All dogs presented at rest respiratory sinus
arrhythmia whose the incidence decreased immediately after
exercise and increased during the first 15 min of recovery.
Some dogs (13.30%) exhibited sinus tachycardia immediately
after exercise, with HR higher than 160 bpm.

The correlations between the age, body weight and HR
with the ECG parameters are shown in Table III. The body

Parameters Observed values Previous values
in agility dogs Sled dogs [6] Greyhounds [26] Sedentary dogs [31]

Weight (kg) 17.81 23.90 NR NR
Resting HR (bpm) 96.40 116.9 NR 70 - 160 (adult dogs)

> 180 (small breeds)
P voltage (mV) 0.211 NR 0.330 0.040 (Max)
P duration (s) 0.040 NR NR 0.040 -0.050
Q voltage (mV) 0.444 0.447 NR 0.500 (Max)
R voltage (mV) 1.422 2.517 2.900 2.500 – 3.000 (Max)
QRS duration (s) 0.041 0.067 0.050 < 0.050 – 0.060
T voltage (mV) 0.356 NR NR 4 x R wave
T duration (s) 0.059 NR NR NR
PQ interval (s) 0.126 0.114 0.100 0.060 – 0.130
QT interval (s) 0.196 0.249 0.200 0.150 – 0.250
QTc1 (s) 0.250 0.346 NR NR
QTc2 (s) 0.661 NR NR NR
QTindex (s) 0.223 0.298 NR NR
RR interval (s) 0.633 NR NR NR

TABLE I: Electrocardiographic parameters (mean) measured in three heart cycles in lead II in agility dogs at rest, compared to values
presented for both untrained and trained dogs.

NR: Not reported

FIGURE 1 : Observations (%) of the HR variations in dogs during an agi-
lity competition (USM: under submaximal intensity with HR lower
than 180 bpm; WSM: within submaximal intensity with HR bet-
ween 180 and 240 bpm).
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weight negatively correlated with the T-wave duration (r =
0.440, P < 0.15), whereas age was significantly and positi-
vely associated with the QRS duration (r = 0.560, P < 0.05)
and negatively with the PQ-interval duration (r = -0.450, P <
0.05), the T-wave voltage (r = -0.510, P < 0.05) and T-wave
duration (r = -0.420, P < 0.10). Very highly significant nega-
tive correlations were found between the heart rate and the
QTc2 (r = -0.970, P < 0.001) or the QT-interval duration (r
= -0.710, P < 0.001). The PQ-interval duration was also
significantly negatively correlated with the heart rate at a les-
ser extend (r = -0.540, P < 0.05). Other positive correlations
were evidenced between the RR interval and the QT-interval
duration (r = 0.630, P < 0.05) or the QTc2 (r = 0.590, P <
0.05) whereas the RR interval was negatively coupled with
the Q-wave voltage (r = -0.490, P < 0.05) and with the QTc1
(r = -0.790, P < 0.05).

Among the other correlations between the ECG parameters
(Table IV), the QT interval strongly positively correlated
with the QRS duration (r = 0.890, P < 0.001), the QTc1 (r =
0.850, P < 0.001), the QTc2 (r = 0.800, P < 0.001) and with
the wave T duration at a lesser extend (r = 0.650, P < 0.05).
As expected, the QTc1 and QTc2 were also highly associated
(r = 0.670, P < 0.05) and positively correlated with the
QTindex (r = 0.600, P < 0.05) as well as with the wave T
duration (r = 0.630 and r = 0.540, P < 0.05, respectively).
Moreover, the QRS duration and the QTc1 were highly posi-

tively coupled (r = 0.780, P < 0.001). The wave T voltage
was also moderately associated with the voltage of the waves
Q and R (r = 0.430 and r = 0.440, P < 0.15, respectively).
Finally, the P duration and the P voltage or the PQ interval
were positively correlated (r = 0.430, P < 0.15 and r = 0.790,
P < 0.001, respectively). 

Discussion
Cardiovascular characteristics at rest, during and after

exercise are determinant of physical performance [20]. For
that reason, this research aims to assess HR during an agility
competition as a help to design individual training programs,
resting ECGs as indicators of the degree of heart hypertrophy
induced by training and post-exercise ECGs to determine the
incidence of arrhythmias during the recuperation period. The
main goal was to provide objective information about the
cardiovascular demands imposed by AC in dogs. However,
the main limitation of this study was the low number of ani-
mals. At the moment of the study, it was impossible to find
more animals involved in active training, several dogs being
excluded because of low performance or because they were
only starting the training program. Despite that, it is important
to consider that these dogs represent the common canine
population used for AC, which is composed by different

Phases Arrhythmia Incidence (%)
Rest Respiratory sinus arrhythmia 100.00%
Immediately after exercise Respiratory sinus arrhythmia 20.00%

Sinus tachycardia 13.30%
5 minutes of recovery Respiratory sinus arrhythmia 50.00%
15 minutes of recovery Respiratory sinus arrhythmia 86.67%
30 minutes of recovery Respiratory sinus arrhythmia 86.67%

TABLE II: Percentages of heart arrhythmias at rest, immediately after and during the first 30 min of recuperation in trained dogs (n =
15) after an agility competition.

Age Weight HR RR interval
P voltage 0.070 0.060 0.120 0.040
P duration 0.100 0.250 0.290 -0.230
Q voltage 0.140 -0.060 0.320 -0.490
R voltage -0.150 0.190 0.200 0.030
QRS duration 0.560 0.200 0.020 -0.140
T voltage -0.510 -0.190 0.080 -0.150
T duration -0.420 -0.440 -0.070 0.270
PQ interval -0.450 0.060 -0.540 0.280
QT interval -0.110 -0.260 -0.710 0.630
QTc1 0.070 -0.050 0.210 -0.790
QTc2 -0.080 -0.050 -0.970 0.590
QT index 0.010 -0.190 -0.190 -0.350

TABLE III: Correlation coefficients between age, body weight, heart rate (HR), RR-interval duration with the electrocardiographic
parameters in agility dogs at rest (significant correlations at P < 0.10 are indicated in bold).
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various breeds, although all of them perform the same kind
of exercise.

The analysis of the HR changes induced by determined
exercise intensity is one of the first steps to improve fitness
by design specific training programs and to avoid overtraining.
In the present study, the cardiovascular demand was low for
approximately 38% of the time (HRs were comprised between
120 and 160 bpm) whereas cardiovascular requirements
were high (HRs ranged between 210 and 220 bpm) during
21% of the exercise time. According to these results, training
programs in agility dogs must include exercise bouts with
intensities between 45-50% and 70-75% HRmax. This
design requires the use of heart monitors, extensively used in
horses and human beings [1, 9, 20], but less used in dogs.

The comparisons of the ECG parameters between dogs
trained for different kinds of exercise could provide useful
information concerning the long-term effects of exercise.
The agility dogs presented a P-wave voltage 36.06% lower
than trained Greyhounds using the same lead, the lead II [26]
and P wave duration was similar with values obtained in
sedentary dogs [31] and the 2 characteristics of the P wave
were moderately correlated (P < 0.15). The duration of an
ECG wave is partially determined by the distance covered by
the electrical front. Although the voltage depends on the size
of the heart mass, it is also related with the distance between
the electrical front and the axis of the lead [19]. For that reason,
a longer P duration was associated with a higher P voltage in
our study. This result was not influenced by the HR, as not
significant correlations between both ECG parameters and
HR was found, as presented before for horses [19]. In absence
of an overt influence of age, as confirmed by the correlation
analysis, and after ruling out heart abnormalities, the lower
P-wave voltage in agility-trained dogs might indicate a lower
level of training and/or the result of genetic traits [21].
Similarly, the QRS duration in agility dogs was 18% shorter
than in Greyhounds [26] and 38.8% shorter than in sled dogs
[6]. On the other hand, the duration of the atrial electrical
systole, represented by the PQ interval, was respectively
increased in agility dogs by 26.0% and 5.0%. The QRS duration

depends on ventricular size, ventricular activation sequence
and pattern, HR, autonomic tone, serum electrolyte concen-
trations, blood pH, drugs, pathological heart changes and
ventricular conduction abnormalities [4]. Furthermore, in the
current study, it was also showed that age was positively
associated with the QRS duration, and negatively with the
PQ interval duration. Probably, the most important factors
implied in these differences between dogs trained for diffe-
rent events are the ventricular size and HR. In this way, the
PQ interval duration was also significantly and negatively
coupled to HR. The duration of any electrocardiographic
segment/interval is partly dependent on the time necessary
for the electrical front to travel along the myocardium [17,
18]. Therefore, a higher HR would lead to a reduction in the
PQ interval duration, as noted by the negative correlation
between the both 2 parameters. In our case, the PQ interval
duration was also dependent on P wave duration.

The ECG manifestation of the first ventricular depolarization
front, Q wave, was very similar in agility and sled-trained
dogs. Since the heart of the dog is activated in an apicobasilar
manner [12], this result could indicate that the myocardial
mass that constitutes the endocardial shell surrounding the
apex of the left ventricular and the lower third of the inter-
ventricular septum was similar in both types of canine athletes.
The R wave represents the depolarization of both ventricular
free walls from subendocardial terminations of the Purkinje
fibbers towards the epicardium and the terminal depolarization
of the bases of both ventricles and of the interventricular septum
[12]. The R-wave voltage was lower in agility dogs than in
sled dogs and Greyhounds for 43.50% and 50.97% respectively,
suggesting smaller ventricular external dimensions and/or
ventricular muscle mass in the agility dogs. In addition, the
lack of differences in Q-wave voltage and the lower R-wave
voltage of the agility dogs might be interpreted as the hyper-
trophy induced by training starts at the ventricular core and
extends apically in canine athletes. Moreover, a negative cor-
relation obtained between the Q-wave voltage and the dura-
tion of the heart cycle or RR interval, may confirm the reduced
ventricular hypertrophy in agility dogs.

P P Q R QRS T T PQ QT QTc1 QTc2
voltage duration voltage voltage duration voltage duration interval interval

P duration 0.430
Q voltage 0.340 0.390
R voltage 0.320 0.300 0.350
QRS duration 0.320 0.210 - 0.320 - 0.230
T voltage 0.210 0.180 0.430 0.440 0.340
T duration 0.080 0.120 0.230 0.210 0.200 - 0.240
PQ interval 0.350 0.790 0.340 0.320 0.040 0.340 0.030
QT interval 0.120 0.030 0.200 0.120 0.890 0.230 0.650 0.390
QTc1 0.110 0.060 0.290 0.230 0.780 0.230 0.630 0.350 0.850
QTc2 0.090 0.040 0.180 0.210 0.350 0.240 0.540 0.320 0.800 0.670
QTindex 0.080 0.060 0.230 0.120 0.320 0.120 0.340 0.310 0.350 0.600 0.600

TABLE IV: Correlation coefficients between the different electrocardiographic parameters in agility dogs at rest (significant correla-
tions at P < 0.10 are indicated in bold).
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QT interval in agility dogs was similar to Greyhounds [26]
but 21.29% lower than in sled dogs [6]. The changes in QT
interval could derive from many factors, as HR, heart size,
autonomic tone, serum Ca and K concentrations and admi-
nistrations of drugs could influence the duration of cardiac
action potentials. According to the correlation analysis, the
QRS and the T wave durations were both positively coupled
to the QT interval. In addition, the analysis showed that QT
interval was more dependent on the duration of the ventricular
depolarization (QRS interval) than on the time needed for the
ventricular repolarisation (T wave duration), as previously
demonstrated in horses [17]. HR was a negative determinant
of QT-interval duration. In fact, a prolongation of the QT-
interval have been described in human endurance athletes in
association with a decrease of the sympathetic drive to the
ventricles, a relative increase of vagal tone and of HR [33].
As a consequence, in our research, the QTc1 and QTc2 were
calculated. As expected these corrected parameters highly
correlated with the QT interval duration. However, although
these parameters were calculated in order to avoid the
influence of the HR, significant correlations were still found.
For that reason, it seems more logical to analyse the
QTindex, which was markedly associated with the corrected
QTc1 and QTc2, but not with HR. This index was 25.17%
higher in sled dogs than in the agility dogs, indicating a shor-
tening of the ventricular electrical systole in agility dogs,
even when HR was considered, possibly due to the shorter
QRS duration. Additionally, only moderate correlations were
found between the T wave voltage and the R wave or the Q
wave voltages (P < 0.15). This result was expected, since
previous works [5, 17, 18] have demonstrated that both cardiac
hypertrophy and changes in autonomic tone, with changes in
HR result in changes in QRS duration and QT interval, as
happened in the present research.

Respiratory sinus arrhythmia and sinus bradycardia are the
most common rhythms in endurance-trained dogs, horses
and humans [7, 21, 23], and they were also observed in the
agility dogs. The reduction in the percentage of incidence of
the respiratory sinus arrhythmia after AC and the increase
during recuperation were probably a consequence of the
changes in the balance between parasympathetic and sympa-
thetic nervous systems. Moreover, pathological arrhythmias
have been described after maximal exercise in Greyhounds
[22]. In our opinion, the lack of pathological arrhythmias in
agility dogs was associated with the submaximal cardiovas-
cular intensity of the AC.

As a conclusion, maximal HR obtained during AC was 220
bpm, indicating an absolute cardiovascular load lower than
72% HRmax. The analysis of HR during AC showed two
ranges: between 45-50% and 70-75% HRmax, and therefore,
it is encouraged to include these exercise intensities in the
design of training programs for agility dogs. The lower P and
R-wave voltage in agility dogs in comparison to other athletic
dogs reflects that AC imposes lower cardiac tension on myo-
cardial walls than short maximal and long submaximal exer-
cises. Finally, all the agility dogs presented vagal-induced
arrhythmias at rest, their incidence decreased after AC and
increased during recuperation and no pathological arrhyth-
mias were found.
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