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Simple Summary: The electrocardiogram is a relevant diagnostic tool for detecting cardiac rhythm
disturbances during routine examinations. With the increasing importance of horses as sport animals,
cardiology now plays a significant role in equine medicine. In particular, the Lusitano horse has
gained worldwide acceptance for its athletic potential. However, the breed’s unique characteristics
can influence electrocardiogram results, making it essential to establish reference values for accurate
evaluations. Currently, there are no established reference values for the Lusitano horse, and this
study aims to bridge this gap. This study involved electrocardiographic evaluations of 82 clinically
healthy adult Lusitano horses using lead II and the base–apex lead. The results revealed a median
heart rate of 39 beats per minute. The P wave exhibited mainly a bifid configuration, while the QRS
complex appeared in several forms; QR and R were the most frequent configurations in lead II, while
RS was the most common in the base–apex lead. Most T waves had a biphasic shape in both methods.
Statistically significant differences were observed among genders and ages. These results under-
score the importance of establishing reference values for athletic horses to improve the accuracy of
cardiac evaluations.

Abstract: The Lusitano horse is gaining popularity in the equestrian world, and as a result, the
significance of applied sports medicine for this breed is growing. As cardiology plays a crucial
role in this field, numerous studies have been conducted to establish electrocardiographic reference
values in various breeds to ensure a more accurate evaluation. However, studies regarding healthy
Lusitano horses are lacking. So, this study aimed to establish electrocardiographic reference values
for Lusitano horses, utilizing a sample of 82 clinically healthy animals. The evaluation involved
lead II and base–apex lead measurements, with a median heart rate of 39 beats per minute being
recorded. The P wave demonstrated a predominantly bifid configuration, while the QRS complex
exhibited various forms. The most common QRS configurations were QR and R in lead II, and RS
in the base–apex lead. Additionally, most T waves displayed a biphasic shape in both methods.
Furthermore, statistically significant differences were noted based on age and gender. Some of the
electrocardiographic values obtained differed from those previously published for other breeds.
Given the relevance of electrocardiogram in cardiovascular evaluation, these findings bring valuable
insights regarding the specific parameters for Lusitano horse and emphasize the importance of
obtaining breed-specific electrocardiographic reference values.
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1. Introduction

The electrocardiogram (ECG) is a well-established diagnostic tool used for a compre-
hensive cardiac evaluation in humans and veterinary medicine, including horses. Electrocar-
diography is the most reliable method for detecting cardiac dysrhythmias and conduction
disturbances, which are relatively common in horses [1–4]. Additionally, this complemen-
tary exam enables the clinician to differentiate between physiological arrhythmias and
pathological ones caused by valvular, myocardial, or systemic diseases [5–9]. Physiological
arrhythmias are typically linked to the naturally high vagal tone in horses, which may
cause non-pathologic variations of the normal sinus rhythm, such as second-degree atri-
oventricular or sinus blocks. These variations should disappear with exercise [3]. It is
crucial to have high-quality ECG recordings to distinguish between normal and patho-
logical complexes and artifacts. With the abundance of medical technologies available
today, equine practitioners are increasingly able to record an ECG in a horse at rest, for
extended periods of time, or during exercise. With numerous portable or easily connected
ECG recording devices that can communicate digitalized data wirelessly, recordings are
quickly obtained in a field situation. This also makes it possible for quick data sharing
amongst colleagues, which occurs often during prepurchase exams, to discuss the possible
implications of alterations found during cardiovascular/ECG examination [2].

The Lusitano horse is considered one of the most ancient equine breeds in the world.
It originates from Portugal, where it is economically the most important horse breed,
with a registered population of about 5000 mares and 1000 stallions [10,11]. The breed
has expanded worldwide and is reared in many countries, with Brazil recording the
second largest population, followed by France and then Spain [10,11]. Over time, the
Lusitano horse has demonstrated a great aptitude for carriage driving, working equitation,
and mostly dressage, with an increasing number of participants in recent years, both
at national and international competitions [12]. This international projection allowed
the Lusitano horse to participate in equestrian events organized by the International
Equestrian Federation (FEI). The FEI, together with the World Breeding Federation for
Sport Horses (WBFSH), is responsible for maintaining and conducting the international
rankings of horses, riders, and breeders’ associations for each of the equestrian disciplines
they organize, publishing these rankings at the end of every competitive season [13]. Within
the associations evaluated, the Breeders Association of Lusitano Horses (APSL) has been
ranked among the top ten [13,14].

Therefore, the significance of applied sports medicine for this breed is increasing, with
cardiology playing a crucial role in achieving optimal performance [15]. While ECG have
been extensively studied in various species, the importance of studying the difference of
ECG parameters between breeds cannot be overstated. Horses exhibit significant variations
in their physiological characteristics, including body and heart size, conformation, and
inherited athletic capabilities, which may influence their ECG evaluation [16]. By recog-
nizing the impact of these breed-specific differences on electrocardiographic examination,
veterinarians and researchers can improve the accuracy of cardiac examination and diag-
nosis. Furthermore, generalized reference values might not sufficiently account for the
unique characteristics of individual horses belonging to specific breeds. This emphasizes
the importance of establishing breed-specific reference values to facilitate a more accurate
interpretation of ECG results, minimize the potential for misdiagnosis, and ensure appro-
priate clinical follow-up for horses. Several studies have been conducted to establish ECG
reference values for different horse breeds, indicating that breed-specific factors can impact
these measurements [17–22]. However, to the best of the authors’ knowledge, there is cur-
rently no available information on ECG parameters for clinically healthy Lusitano horses.
In this context, we conducted a study on Lusitano horses to establish breed-specific elec-
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trocardiographic reference values. We utilized the bipolar II limb and the base–apex lead
systems and compared our findings with existing studies on other breeds. Furthermore,
we investigated the potential influence of gender, age, and weight on ECG measurements
in Lusitano horses.

2. Materials and Methods
2.1. Animal Selection Criteria

This study was carried out on 82 clinically healthy Lusitano horses, sourced from
diverse owners and regions across Portugal. All owners gave their informed consent
for the use of their animals’ data. The study was ethically approved by the Animal
Welfare Organism of the University of Trás-os-Montes e Alto Douro (UTAD)-Portugal
(ORBEA) as complying with the Portuguese legislation for the protection of animals
(Law no. 6 January 2022). For the present study, inclusion and exclusion criteria were
established prior to ECG. Only healthy animals, which had received routine deworming
and vaccination against tetanus and influenza in the previous 6 months, were included. The
owners or caretakers of each horse confirmed their normal physical condition, regular activ-
ity, and absence of disease or health problems in the previous 6 months. Before performing
ECG, a complete physical examination was performed on all animals, which included
visual inspection, rectal temperature measurement, assessment of heart and respiratory
rates, examination of mucous membranes and capillary refill time, as well as auscultation
of the lungs, heart, and abdomen. Unhealthy animals, those that had undergone surgery or
received any medication in the previous 6 months, as well as pregnant and lactating mares,
were excluded from the study.

Information regarding gender and age for each animal was collected. The weight
measurement method followed the procedure described by [23]. In brief, the body length was
measured from the point of the shoulder to the ischial tuberosity, and the heart girth circum-
ference was measured using a plastic measuring tape placed behind the elbow, passing in a
straight vertical line over the withers and across the sternum. These measures were then used
in the following formula: estimated weight (Kg) = (heart girth2 × body length)/(11.880 cm3).
For statistical analyses, the horses were categorized into three age groups as mentioned
in [24,25]: Group 1 (3–5 years old), Group 2 (6–14 years old), and Group 3 (>14 years old).

2.2. Electrocardiogram Procedure

We obtained three electrocardiograms (ECGs) from each horse using a three-channel
Auto Cardiner FCP-145u Fukuda Denshi electrocardiograph. The ECGs were recorded
using the bipolar II limb and the base–apex lead systems, with a paper speed of 25 mm/s
and a sensitivity of 10 mm/mV. Electrocardiograms were performed in the horses’ habitual
facilities, avoiding transport or changes in the environment of the animals. The horses were
standing in a familiar location outside their stall and were allowed to acclimate for at least
15 min before conducting the exams.

Prior to applying alcohol, we attached alligator clips fixed to the electrocardiographic
electrodes directly to the skin. Clipping was not necessary since the air coat of the horses
was not too long, which allowed those electrodes to stay in tight contact with the horse
skin. For bipolar II limb lead recordings, electrodes were positioned fifteen centimeters
below the level of the olecranon on the caudal aspect of the forelimbs and distal to the stifle
joint on the hind limbs, as previously described [1,26]. During the exam, the forelimbs
were kept parallel to each other and perpendicular to the long axis of the body as much
as possible. The negative electrodes were placed on the forelimbs, and the positive and
neutral electrodes on the left and right hind limbs, respectively.

For base–apex lead recordings, the positive electrode was placed on the left thorax in
the fifth intercostal space at the level of the elbow. The negative electrode was positioned in
the lower third of the right jugular groove, and the neutral electrode on the right hemithorax,
dorsal to the scapula. After placing the electrodes, a second period of acclimation was



Vet. Sci. 2023, 10, 518 4 of 14

allowed, for the horses to adapt to the alligator clips. The positions of the electrodes are
illustrated in Figure 1.
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Figure 1. Electrodes placement for bipolar II limb lead (A,B) and for base–apex lead (C): (A) electrodes
distal to the stifle joint on the hind limbs; (B) electrodes below the level of elbow; (C) electrodes in the
lower third of the right jugular groove and in the right hemithorax, dorsal to the scapula.

2.3. Electrocardiogram Evaluation

The recordings were first analyzed in their entirety to identify any arrhythmias, and
then digitized for further analysis. Three consecutive, regular, and artefact-free cardiac
cycles from each lead were selected to evaluate heart rhythm and to examine the configu-
ration, amplitude, and duration of the waves (including the P wave, QRS complex, and
T wave), as well as the duration of the PR and QT intervals [17,22,26]. To measure RR
intervals, we identified the area of the recording where the heart rate was most consistent.
If a sinus or atrioventricular block was present, the corresponding heart cycle was excluded
from our analysis of electrocardiographic variables. If a significant variation in any of the
measured variables was detected between the three selected cardiac cycles, we conducted
one to two additional measurements to improve the reliability of results.

2.4. Statistical Analysis

Statistical analysis was performed using the SPSS program, version 19. The Kolmogorov–
Smirnov test was used to assess whether the continuous variables followed the normal
distribution. Descriptive statistics were obtained for clinical information and electrocardio-
graphic measurements, being presented in the form of median (interquartile range—IQR).
The Mann–Whitney test and Kruskal–Wallis test were used to examine differences in ECG
variables between genders and age categories, respectively. The Spearman correlation test
was used to evaluate the correlation of age, weight, and gender in ECG parameters. The
level of significance was defined as p < 0.05.

The calculation of reference intervals and their confidence interval limits (90%) was
carried out using Reference Value Advisor V 2.1 software, a free set of macroinstructions
designed to calculate reference intervals with Microsoft Excel [27].

3. Results
3.1. Animals’ Data

A total of 82 animals were analyzed, consisting of 19 females and 63 males. The animals’
ages ranged from 3 to 22 years old, with a median age of 8 (7) years. Their median body
weight was 450 (50) kg. The median heart rate was 39 (12) beats per minute (bpm).

3.2. Electrocardiogram Reference Values

The ECG reference values for the base–apex lead are presented in Table 1, while the
reference values for lead II are provided in Table 2. For certain ECG parameters, reference
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values could not be determined in both leads due to small sample sizes in those specific
parameters. Amplitude is presented in millivolts (mV) and duration in seconds (s).

Table 1. Lusitano horse ECG reference values for the base–apex lead. Parameters for which it was
not possible to calculate a reference value are indicated with a dash symbol “-”. IQR, interquartile
range; RI, reference interval. Duration in seconds (s); amplitude in millivolts (mV).

ECG Characteristics Median IQR RI Lower Limit Upper Limit

P
w

av
e

Simple P wave Duration 0.13 0.02 0.09–0.17 0.08–0.09 0.16–0.18

Simple P wave Amplitude 0.27 0.06 - - -

Bifid P wave
P1 Amplitude 0.12 0.05 0.08–0.26 0.07–0.09 0.20–0.43

P2 Amplitude 0.31 0.12 0.18–0.51 0.17–0.18 0.45–0.55

Biphasic P wave
P+ 0.27 0.06 - - -

P− 0.08 0.00 - - -

Q
R

S

Q wave Amplitude 0.13 0.00 - - -

R wave Amplitude 0.30 0.29 0.09–0.97 0.09–0.12 0.84–0.98

S wave Amplitude 1.79 0.44 0.89–2.47 0.35–1.20 2.38–2.50

QRS complex Duration 0.12 0.04 0.07–0.17 0.07–0.08 0.16–0.20

T
w

av
e

Biphasic T wave
T+ Amplitude 0.22 0.12 0.10–0.87 0.10–0.12 0.49–0.88

T− Amplitude 0.59 0.51 0.12–1.94 0.10–0.24 1.43–2.15

Negative T wave Amplitude 0.93 0.25 - - -

Positive T wave Amplitude 0.56 0.28 - - -

Simple T wave Duration 0.18 0.05 0.08–0.32 0.07–0.12 0.27–0.44

In
te

rv
al

s PR interval 0.30 0.05 0.21–0.41 0.15–0.22 0.38–0.44

QT interval 0.51 0.05 0.33–0.67 0.32–0.39 0.59–0.72

RR interval 1.78 0.54 1.09–2.29 1.07–1.27 2.24–2.34

Table 2. Lusitano horse ECG reference values for the lead II. Parameters for which it was not
possible to calculate a reference value are indicated with a dash symbol “-”. IQR, interquartile range;
RI, reference interval. Duration in seconds (s); amplitude in millivolts (mV).

ECG Characteristics Median IQR RI Lower Limit Upper Limit

P
w

av
e

Simple P wave Duration 0.11 0.02 0.06–0.15 0.05–0.07 0.14–0.15

Simple P wave Amplitude 0.22 0.05 - - -

Bifid P wave
P1 Amplitude 0.10 0.05 0.05–0.20 0.05–0.07 0.15–0.20

P2 Amplitude 0.22 0.05 0.13–0.42 0.13–0.15 0.30–0.47

Biphasic P wave
P+ 0.22 0.05 - - -

P− - - - - -

Q
R

S

Q wave Amplitude 0.13 0.15 0.04–0.43 0.03–0.06 0.34–0.43

R wave Amplitude 0.45 0.44 0.08–1.43 0.07–0.12 0.18–1.53

S wave Amplitude 0.20 0.33 - - -

QRS complex Duration 0.08 0.04 0.04–0.16 0.04–0.05 0.13–0.17

T
w

av
e

Biphasic T wave
T+ Amplitude 0.17 0.14 0.07–0.68 0.05–0.09 0.40–0.87

T− Amplitude 0.33 0.25 0.07–0.81 0.07–0.10 0.63–0.90

Negative T wave Amplitude 0.37 0.14 - - -

Positive T wave Amplitude 0.30 0.18 - - -

Simple T wave Duration 0.17 0.06 0.08–0.31 0.04–0.08 0.28–0.33

In
te

rv
al

s PR interval 0.28 0.06 0.21–0.38 0.16–0.21 0.34–0.39

QT interval 0.51 0.07 0.41–0.63 0.41–0.42 0.59–0.71

RR interval 1.70 0.47 1.09–2.31 0.92–1.17 2.24–2.51
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3.3. Electrocardiogram Evaluation

The sinus rhythm was the predominant heart rhythm in all the evaluated horses. How-
ever, a subset of horses (14/82; 17.5%) exhibited intermittent arrhythmias, including sinus
block (3/82) and second-degree atrioventricular blocks (4/82), with one horse exhibiting
both sinus block and second-degree atrioventricular block. Sinus bradycardia (1/82), sinus
tachycardia (2/82), and sinus arrhythmia (4/82) were also detected.

Various configurations of P waves were observed (Figure 2). In lead II, we observed
a bifid P wave (P1 and P2) in 63.4% of the recordings, while a simple P wave (P+) was
present in 36.6% of cases. No biphasic (P− and P+) waves were recorded. In the base–apex
lead, 87.8% of recordings showed a bifid P wave, while 9.8% showed a simple P wave and
2.4% showed a biphasic P wave. We observed six different types of QRS complexes
(Figure 3) in lead II, with QR (25.6%), R (23.2%), and QRS (22%) configurations being
more common than RS (13.4%), S (11.8%), and QS (4%). In the base–apex lead, three
configurations of QRS complexes were found: RS (62.2%), S (35.4%), and QRS (2.4%).
Additionally, the T wave in lead II and the base–apex lead showed three configurations
(Figure 4), with the biphasic (T− and T+) pattern being the most common in both leads
(73.2% and 82.9%, respectively). The simple negative and simple positive configurations of
the T wave were found in 12.2% and 13.4% of horses, respectively, in lead II, while in the
base–apex lead, they were found in 10.5% and 7.3% of horses, respectively.
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3.4. Comparison of Groups

The median amplitude of the P2 and R waves in lead II was found to be lower in
females compared to males, with significant statistical differences (p = 0.012 and p = 0.001,
respectively). Furthermore, in the base–apex lead, females did not exhibit a simple P wave
configuration or a Q wave in the QRS complex. The females exhibited a higher median
heart rate compared to males (40 bpm vs. 36 bpm) with significant statistical difference
(p < 0.05). This difference was reflected in a longer RR interval for males in both leads
(p < 0.05). Table 3 shows the results obtained from the various electrocardiographic mea-
surements by gender.

When analyzing different age groups, lead II recordings revealed that the RR interval
was longer in Group 1 (3–5 years; p < 0.05) compared to Group 3 (>14 years), while the QT
interval was longer in Group 3 (p < 0.01) than in Groups 1 and 2. In the base–apex lead,
animals from Group 3 exhibited longer QRS complexes and T waves than Group 1 (p < 0.01
for QRS complex; p < 0.05 for T wave) and Group 2 (p < 0.05 for QRS complex; p < 0.01
for T wave). Table 4 shows the results obtained from the various electrocardiographic
measurements by age.

In lead II, a positive correlation was observed between age and the duration of the
QRS complex (p = 0.012), T wave (p = 0.015), and QT interval (p = 0.007). Additionally, in
the base–apex lead, age exhibited a positive correlation with the duration of the P wave
(p = 0.020) and the duration of the QRS complex (p = 0.007). However, no correlations were
found between weight and any of the electrocardiographic characteristics. Furthermore,
gender was found to be correlated with certain ECG parameters in both lead II and the
base–apex lead. In lead II, males presented a longer duration of the P wave (p = 0.012),
as well as greater amplitudes of the P2 wave (p = 0.004) and R wave (p = 0.001). In the
base–apex lead, males showed a shorter duration of the P wave (p = 0.027) and a longer
amplitude of the P2 wave (p = 0.004).
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Table 3. Electrocardiographic values in lead II and base–apex lead (median (IQR)) for each gender. a,b,c,d,e Superscript letter shows significant differences among
genders. NP, not present; NA, not applicable. Duration in seconds (s); amplitude in millivolts (mV).

Variable

Lead II Base–Apex Lead

Male (n = 63) Female (n = 19) Male (n = 63) Female (n = 19)

Amplitude Duration Amplitude Duration Amplitude Duration Amplitude Duration

P
w

av
e

Bifid P
P1 wave 0.10 (0.05)

0.12 (0.01)

0.10 (0.02)

0.10 (0.04)

0.12 (0.08)

0.12 (0.02)

0.10 (0.05)

0.13 (0.01)

P2 wave 0.22 (0.05) a 0.20 (0.05) a 0.33 (0.10) 0.27 (0.12)

Simple P wave (P+) 0.20 (0.05) 0.25 (0.06) 0.27 (0.07) NP

Biphasic P P− NP NP 0.08 (0.00) NP

P+ NP NP 0.26 (0.06) NP

Q
R

S

Q wave 0.12 (0.07)

0.08 (0.05)

0.25 (0.13)

0.08 (0.06)

0.13 (0.00)

0.13 (0.03) c

NP

0.14 (0.05) cR wave 0.51 (0.43) b 0.22 (0.14) b 0.32 (0.38) 0.26 (0.07)

S wave 0.20 (0.35) 0.19 (0.09) 1.79 (0.46) 1.78 (0.48)

T
w

av
e Biphasic T

T− 0.26 (0.25)

0.17 (0.07)

0.63 (0.61)

0.17 (0.03)

0.71 (0.41)

0.17 (0.05)

0.53 (0.15)

0.17 (0.05)
T+ 0.17 (0.13) 0.23 (0.12) 0.27 (0.16) 0.18 (0.11)

Negative T wave 0.30 (0.05) 1.00 (0.22) 1.02 (0.18) 0.53 (0.29)

Positive T wave 0.36 (0.15) 0.56 (0.26) 0.67 (0.28) 0.49 (0.31)

In
te

rv
al

s PR interval NA 0.28 (0.05) NA 0.26 (0.05) NA 0.30 (0.05) NA 0.33 (0.05)

QT interval NA 0.51 (0.08) NA 0.51 (0.04) NA 0.50 (0.05) NA 0.53 (0.04)

RR interval NA 1.71 (0.40) d NA 1.55 (0.85) d NA 1.78 (0.51) e NA 1.66 (0.58) e
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Table 4. Electrocardiographic values in lead II and base–apex lead (median (IQR)) for each age group: Group 1, 3–5 years; Group 2, 6–14 years; Group 3,
>14 years. a,b,c,d Superscript letter shows significant differences among age groups. NP, not present; NA, not applicable. Duration in seconds (s); amplitude
in millivolts (mV).

Variable

Lead II Base–Apex Lead

Group 1 (n = 22) Group 2 (n = 43) Group 3 (n = 17) Group 1 (n = 22) Group 2 (n = 43) Group 3 (n = 17)

Amplitude Duration Amplitude Duration Amplitude Duration Amplitude Duration Amplitude Duration Amplitude Duration

P
w

av
e

Bifid P
P1 wave 0.10 (0.03)

0.11 (0.04)

0.10 (0.05)

0.12 (0.02)

0.10 (0.05)

0.11 (0.04)

0.12 (0.07)

0.12 (0.02)

0.12 (0.05)

0.13 (0.02)

0.10 (0.05)

0.13 (0.02)
P2 wave 0.20 (0.06) 0.23 (0.06) 0.20 (0.02) 0.32 (0.07) 0.33 (0.13) 0.30 (0.09)

Simple P wave (P+) 0.20 (0.01) 0.20 (0.09) 0.25 (0.03) 0.27 (0.13) 0.27 (0.05) 0.30 (0.05)

Biphasic P
P− NP NP NP 0.08 (0.00) NP NP

P+ NP NP NP 0.26 (0.06) NP NP

Q
R

S

Q wave 0.14 (0.11)

0.07 (0.02)

0.10 (0.08)

0.09 (0.04)

0.25 (0.12)

0.08 (0.03)

NP

0.11 (0.04) a

NP

0.12 (0.02) a

0.13 (0.00)

0.14 (0.04) aR wave 0.47 (0.28) 0.47 (0.59) 0.35 (0.30) 0.29 (0.16) 0.31 (0.28) 0.27 (0.37)

S wave 0.16 (0.32) 0.20 (0.35) 0.19 (0.15) 1.78 (0.30) 1.83 (0.53) 1.76 (0.62)

T
w

av
e Biphasic T

T− 0.27 (0.28)

0.16 (0.05)

0.30 (0.26)

0.16 (0.06)

0.38 (0.20)

0.17 (0.04)

0.67 (0.31)

0.18 (0.05) b

0.50 (0.67)

0.18 (0.05) b

0.59 (0.29)

0.21 (0.04) b
T+ 0.20 (0.13) 0.17 (0.12) 0.15 (0.09) 0.25 (0.13) 0.22 (0.14) 0.18 (0.04)

Negative T wave 0.20 (0.13) 0.42 (0.11) 0.43 (0.03) 0.81 (0.00) 1.00 (0.16) 0.80 (0.61)

Positive T wave 0.15 (0.00) 0.30 (0.20) 0.35 (0.00) 0.48 (0.00) 0.86 (0.23) 0.48 (0.31)

In
te

rv
al

s PR interval NA 0.27 (0.07) NA 0.28 (0.06) NA 0.28 (0.06) NA 0.30 (0.06) NA 0.29 (0.05) NA 0.33 (0.03)

QT interval NA 0.49 (0.04) c NA 0.51 (0.05) c NA 0.55 (0.06) c NA 0.50 (0.05) NA 0.50 (0.06) NA 0.53 (0.10)

RR interval NA 1.73 (0.45) d NA 1.69 (0.43) d NA 1.58 (0.80) d NA 1.82 (0.43) NA 1.70 (0.55) NA 1.82 (0.46)
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4. Discussion

Cardiovascular alterations are the third most common cause of poor performance in
horses, following musculoskeletal and respiratory diseases. The cardiovascular system
plays a crucial role in equine performance by maintaining normal thermoregulation and
controlling blood flow to vital organs. However, the clinical evaluation of equine cardio-
vascular system is often challenging and complex. Horses are known to exhibit a range of
physiological arrhythmias (e.g., sinus pause, sinus arrhythmia, first- and second-degree
atrioventricular blocks) and murmurs. Therefore, during clinical assessment, it is important
to be aware of the normal variations within the species [3,4,16,28]. Accurate assessment
of the cardiovascular state relies on a thorough clinical examination and the ability to
choose and interpret different complementary diagnostic tests such as ECG. Incomplete
information may result in failure to detect subtle variations of normality that can impact
equine performance. There have been significant advancements in cardiology research in
recent decades, particularly in the field of complementary diagnostic modalities [3,4,16,28].

Different breeds have different physical characteristics such as weight and size that
create differences in ECG parameters. For example, small equine breeds tend to have
slightly higher heart rates and shorter ECG time intervals, such as the PR interval, QRS
interval, and QT interval, compared to larger equine breeds [3,4]. The Lusitano horse
is an extremely versatile sport horse and is the most important native equine breed in
Portugal. Investigation of the physiological features of this breed is imperative to ensure a
rational use of Lusitano sport horses and to improve purebred Lusitano horses’ potential
through selection and breeding programs [10–12,29]. Several publications have reported
electrocardiographic reference values for various breeds of horses [17–21,30]. However, to
the best of our knowledge, this is the first study describing in detail the electrocardiographic
reference values in resting Lusitano horses. In this discussion, we compare our results only
with studies where the electrodes’ placement was similar to ours since electrode placement
can affect ECG parameters, as previously reported [31].

The lack of appropriate breed-specific RIs for ECG parameters leads clinicians to use
generic RIs present in the literature. Research about this topic can highlight the main differ-
ences between breeds and can help to clarify whether the use of generic reference values
may compromise the interpretation of ECG results. The comparison of RIs between studies
is difficult to perform due to the use of different ECG methodologies which can influence
the results. Additionally, of the few existing studies in this area, many of them do not
present true reference values, but rather present mean values and the standard deviation
of the electrocardiographic parameters. Costa et al. 1985 [32] presented RIs for some ECG
parameters in non-trained horses and some slight differences can be observed. The T wave
duration in those horses presented an RI of 0.06–0.20 s, lower than the Lusitano horses
of our study which presented 0.08–0.31 s. In contrast, the QT interval RI was 0.35–0.59 s
and in our study the RI was 0.41–0.63 s. The other ECG parameters did not present
significant differences, namely, the QRS complex duration (0.04–0.14 s) and P wave dura-
tion (0.06–0.16 s), compared with our study that presented 0.04–0.16 s and 0.06–0.15 s,
respectively. Tavanaei-Manesh H et al. 2010 also presented some differences in the
RIs measured in Purebred Kurd horses, namely, in QRS complex duration (0.10–0.16 s),
T wave duration (0.12–0.20 s), and QT interval duration (0.44–0.64 s), when compared to the
Lusitano horses of the present study (QRS complex duration: 0.04–0.16 s, T wave duration:
0.08–0.31 s, and QT interval duration: 0.41–0.63 s). Schwarzwald 2018 also presented
some modest differences in RIs, namely, in QT interval duration (0.36–0.60 s) and QRS
complex duration (0.08–0.14 s), compared with our work that presented 0.41–0.60 s and
0.04–0.16 s, respectively.

Melchert et al. 2012 compared certain electrocardiographic values from 23 Lusitano
horses before and after exercise. In comparison with our study, no significant differences
were found regarding arrhythmias. For sinus arrhythmia, we observed it in 4.87% of
the horses, whereas Melchert et al. 2012 reported a prevalence of 4.16% in their study.
Second-degree atrioventricular block was observed in 4.87% of the horses in our study,
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and Melchert et al. 2012 mentioned it in 4.16% of the horses. The differences were more
pronounced when considering sinus tachycardia, as we observed a prevalence of 2.43%,
while the aforementioned authors reported a prevalence of 4.16% [33].

In the base–apex lead, the ECG traces showed three different configurations for
P waves: bifid, simple positive, or biphasic. Consistent with previous studies [18,20,34],
the bifid and biphasic configurations were the most (88.2%) and least (2.6%) observed,
respectively [4,9,18,34]. The duration and the amplitude of the P waves observed in this
study were similar to those reported for Andalusian [35] and Mangalarga Marchador [20]
breeds, which are genetically and morphologically close or related to Lusitano horses [36].

Our study revealed that in lead II, most P waves exhibited a bifid configuration
(67.6%), consistent with previous findings in Andalusian horses (45%) [19]. Interestingly,
the percentage of bifid P waves was even higher in the base–apex lead (88.2%), which could
be attributed to the horses being more tolerant and calmer during electrode placement in
this lead. Notably, the P1 component of the P wave is strongly influenced by the autonomic
nervous system and is more prominent when vagal tone increases [21].

The configuration of the QRS complex depends on the different pathways taken by
the cardiac impulse during ventricular depolarization [37]. In horses, the QRS complex
assumes a very labile configuration, with the amplitude of each wave also being highly
variable [38]. This variability can be attributed mainly to the nature of the Purkinje system
in the equine species. In horses, the Purkinje fibers are widely distributed through the
myocardium, and penetrate the entire thickness of the ventricular walls [16]. This leads
to significant variations in the pathways of ventricular activation and the duration of
the QRS complex itself. Additionally, it results in a “burst” type of depolarization of the
major masses of both ventricles and the middle portion of the septum. During this type of
depolarization, the electrical impulse does not follow any specific direction and therefore
contributes poorly to the formation of the QRS complex [39].

Three different QRS complex configurations were observed in the Lusitano horse when
analyzing the base–apex lead. The most common configuration (61.9%) was RS, consistent
with other breeds [18,20,34]. However, the remaining configurations detected (S, 36.8%,
and QRS, 1.3%) differed from those described in Purebred Kurd [18] and Standardbred
horses [37] but were similar to those of Mangalarga Marchador horses [20].

In lead II, the QRS complex also exhibits several configurations [4]. However, the
literature lacks information on the prevalence of each configuration and only reports the
percentage of occurrence of each wave individually. If we adopt this approach, the Q wave
was present in 62%, the R wave in 85.3%, and the S wave in 50.7% of the animals. These
results are like those found in Thoroughbreds and Standardbreds, where R and S waves
were the most and least common, respectively [21]. However, the R wave was present in
100% of horses in both breeds, and the Q wave was recorded in 90% of Thoroughbreds
and 97.5% of Standardbreds. This difference could be attributed to distinct patterns of
distribution of the Purkinje fibers and, consequently, different pathways followed by the
cardiac impulse during ventricular activation [39].

The amplitudes of QRS waves obtained in this study diverged from those reported
in the literature. Compared to Lusitano horses, Thoroughbred and Standardbred horses
tended to exhibit lower amplitudes of negative waves (Q and S) and higher amplitudes of
the R wave in lead II.

There are several factors, such as excitation, stress, and exercise, that can disrupt
T wave patterns [26]. The T wave patterns observed in the base–apex lead were consis-
tent with those found in other breeds [18,34,40]. Negative T waves, whether monopha-
sic (10.5%) or biphasic (82.9%), are considered a reliable indicator of myocardial oxy-
genation and equine health [34]. The duration of the T wave was consistent with the
findings of several studies in other breeds like Purebred Kurd, Turkman horse, and
Italian Trotter horses [18,34,40]. In lead II, the distribution of T wave configurations
(biphasic, 76%; simple negative, 12%; simple positive, 12%) was consistent with the liter-
ature [19,37]. However, in adult Andalusian horses, the percentage of negative T waves,
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either as simple negative or as part of a biphasic configuration, was lower than in our study
(61% vs. 88%). The amplitude of the T wave was in accordance with previous studies, but
its duration was longer than what was found in the literature [30,32,40].

In the base–apex lead, it has been hypothesized that PR and QT intervals are com-
parable among breeds, and the current study supported this theory [9,18,20,34]. In lead II,
the PR interval differed from other breeds, which may have been due to horses hav-
ing less tolerance for electrode placement in the limbs than in the base–apex lead, as
mentioned earlier.

Gender demonstrated a positive correlation with electrocardiographic variables. Males
exhibited a lower heart rate, resulting in a longer RR interval, consistent with previous
studies [18]. In lead II, males showed larger P2 and R wave amplitude than females.
However, it is important to note that the female group was relatively small, so these results
should be interpreted with caution. Concerning the age, the present study observed a
positive correlation with the electrocardiographic characteristics evaluated, namely, in the
base–apex lead, older Lusitano horses (>14 years) exhibited a longer duration of the QRS
complex, and the T wave compared to younger age groups, as previously reported in
Thoroughbreds [30]. Another recent work also noted a tendency for an increase in QRS
duration with age, as was observed in the present study [20]. In lead II, horses above
14 years of age showed a longer QT interval than other age groups. This longer QT
interval may be related to increased heart mass [18], as evidence suggests that horses below
5 years of age are yet to complete their normal cardiac development [30]. Additionally,
most of the older horses in this study had undergone an active athletic career over the
years, which could have contributed to myocardial hypertrophy, although this hypothesis
was not confirmed by echocardiography and thus remains speculative. However, in lead II,
Group 1 (3 to 5 years) had a significantly longer RR interval than Group 3 (>14 years).

Regarding weight, no significant correlations were observed, likely due to the limited
variation in weight among the horses. By the age of 3, Lusitano horses have typically
reached their adult weight, resulting in minimal weight differences among the animals
included in this study.

The authors acknowledge that obtaining a more balanced number of males and fe-
males would have been ideal. However, the exclusion of pregnant females from the study
resulted in a smaller number of females. Additionally, while the weight measurement was
conducted using a scientifically reliable method, using a specialized balance for weigh-
ing horses could have provided greater sensitivity in the measurement. No testing with
thoracic radiography, echocardiography, complete blood count, serum biochemical anal-
yses, or urinalyses was conducted to rule out the presence of subclinical or underlying
cardiac or pulmonary disease in the horses. However, prior to the ECGs, all horses un-
derwent thorough physical examinations and were determined to be clinically normal.
Finally, a larger sample size could have allowed the calculation of reference values for all
electrocardiographic parameters.

5. Conclusions

This study presented electrocardiographic reference values for Lusitano horses, which
can be used as important data for future studies. This study found that some of the
values for Lusitano horses differ from those of other breeds, underscoring the importance
of obtaining breed-specific electrocardiographic values. To our knowledge, this is the
first description of healthy Lusitano horse electrocardiographic parameters in the equine
veterinary literature.
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