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ABSTRACT 21 

Clinical, electrocardiographic and echocardiographic parameters in Pega donkeys are 22 

scarce in literature, hence this study was performed to evaluate the effect of sex and age 23 

on echocardiographic and electrocardiographic measurements in the Pega breed donkeys. 24 

The objectives of this study were to describe and illustrate the clinical, 25 

electrocardiographic and echocardiographic parameters in Pega donkeys. Fifty Pega 26 

breed donkeys were evaluated, with an average age of 3.4 years, 20 males and 30 females.  27 

Based on their age (younger or older than 6 years), animals were separated into two 28 
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groups. In each animal the electrocardiographic examination was performed using the 29 

TEB® computerized system and the echocardiographic examination was performed 30 

using an ultrasound device with a doppler function multifrequency sectorial transducer, 31 

in 2D mode. Male echocardiographic measurements were significantly higher than females, 32 

except the velocity and pressure gradient of the pulmonary flow, where females had 33 

higher values than males. For the electrocardiographic parameters, females presented 34 

values of P wave amplitude, R wave amplitude, S wave amplitude and T wave amplitude 35 

higher than those found in males. Males had higher values for P wave duration, QRS 36 

complex and RR interval. Standardizing the electrocardiographic and echocardiographic 37 

parameters for the Pega breed donkey can contribute to future assessments regarding 38 

possible changes that excessive effort can promote in these parameters, to a management 39 

engrossed on animal welfare. Furthermore, as well as in other species, gender in donkeys 40 

should be considered as a factor that influences echocardiographic and 41 

electrocardiographic parameters. 42 

Keywords: heart, equine, electrocardiogram, echocardiogram, donkeys 43 

1. INTRODUCTION 44 

Currently, donkeys are animals of great economic interest and also as companion 45 

animals, a fact that has increased awareness of the welfare and care of these animals, 46 

increasing the demand for specialized veterinary services (Morrow et al. 2011). 47 

Anatomical and physiological differences have been reported between donkeys and 48 

horses, therefore, the use of clinical data, treatments and diagnostic protocols from horses 49 

to donkeys can trigger diagnostic errors and inappropriate therapeutic administration 50 

(Mendoza et al. 2018). There is a variety of differences in behavior and social 51 

organization between donkeys and horses, although they are often housed as companion 52 

animals or as a homogeneous group. However, this does not mean that the nature of social 53 
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relationships between different species of equids is the same as between their own species 54 

(Trachsel et al. 2016). 55 

Brazil has the largest herd of horses in Latin America and the third in the world. 56 

There are l 8 million donkeys and horses, with transactions of R$ 7.3 billion only thru the 57 

production of horses (Costa and Pacheco 2017). The main breeds of donkeys used to 58 

obtain mules are the Paulista or Brasileiro, the Pega and the Northeastern donkey. The 59 

Pega is a national donkey breed with economic value throughout the national territory, 60 

raised for the production of new breeders and for marching mules. It is a versatile animal 61 

used for pack animals, in preparing the soil, herding cattle, horseback riding, functional 62 

tests, walking contests among many modalities, and is currently the most used in the 63 

training of saddle-type (Almeida 2009).  64 

Suspicion of potential heart disease may appear after routine examinations or 65 

during pre-purchase evaluation of an animal. On the other hand, the care of an equine 66 

may be requested due to a specific complaint of cardiovascular signs, however, this 67 

assessment is not as widespread in donkeys (Burden and Thiemann 2016). The clinical 68 

symptoms or the absence of them are important factors in the assessment of a possible 69 

cardiac study for reflection on potential differential diagnoses (Trachsel et al. 2016). 70 

Heart disease is rare in horses compared to other domestic species due to the large cardiac 71 

reserve, overt clinical signs are often seen only when there is severe dysfunction or during 72 

forceful exercise. Although, murmurs and arrhythmias are commonly detected in equines, 73 

these are often of physiological origin and have no pathological significance (Keen  74 

2019). 75 

Arrhythmias during or immediately after exercise are common occurrences in 76 

equine athletes. The spectrum of these rhythm variations covers clinically irrelevant 77 

arrhythmias, arrhythmias that can cause poor performance and rhythms with risk of death 78 
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(Solis 2016). A standard base-apex electrocardiogram at rest should be performed in all 79 

horses with arrhythmia not attributable to second-degree atrioventricular block (Loon 80 

2019). Digital ECG telemetry systems are readily portable and can be used to obtain real-81 

time digital monitoring and recording at rest or during exercise (Chope 2018). In donkeys, 82 

there is little information in the literature regarding arrhythmic events that may occur 83 

during exercise, and there is no standardized information about possible arrhythmias that 84 

can be considered common in the species. 85 

Thus, since electrocardiographic and echocardiographic parameters in Pega 86 

donkeys are scarce in the literature, as well as the description of possible arrhythmic 87 

events that may be considered common in the species and the description of 88 

cardiovascular diseases, the objectives of this study were to describe and illustrate the 89 

clinical, electrocardiographic and echocardiographic parameters in Pega donkeys, which 90 

may contribute to future studies aiming to assess the influence of exercise on such 91 

parameters as well as the activity of the autonomic nervous system in these animals during 92 

overexertion, since they are already adapted for such efforts.  93 

It was also aimed to describe the parameters according to gender, since it is 94 

described that there is hormonal influence between males and females in other species. 95 

The description of theses parameters can contribute to a better understanding of specific 96 

changes that may occur in donkeys, where evaluations in horses are often used as a 97 

reference for these animals, which can lead to erroneous conclusions, where the 98 

particularities of different categories and breeds of animals must be respected. 99 

 100 

2. METHODOLOGY 101 

2.1. Animals and study site 102 



5 

 

The present study was carried out according to the animal welfare standards, 103 

approved by the Ethics Committee on the Use of Animals (CEUA) of the Faculty of 104 

Veterinary Medicine and Animal Science of the São Paulo State University “Júlio de 105 

Mesquita Filho”, Botucatu Campus, under the protocol CEUA-0029/2021. 106 

The present study was carried out on 50 clinically healthy adult donkeys with age 107 

under 13 years, 20 males and 30 females. Before enrollment in the study, all donkeys 108 

underwent complete physical examination to exclude systemic conditions (colic, 109 

respiratory diseases, orthopedic diseases). 110 

The study was carried out at the stud farm Criatório Ximbó, located in the district 111 

of Maristela-SP, belonging to the city of Laranjal Paulista-SP, with latitude 23º02'59" 112 

south and longitude 47º50'12" west. For this purpose, 50 donkeys were evaluated, with 113 

an average age of 3.4 years, 20 males and 30 females, all from the same establishment. 114 

The animals were kept in paddocks and individual pens and were fed with Tifton hay 115 

produced on the property and pelleted feed with 15% protein, being offered a total of 3 116 

kg of daily feed divided into two portions, also adding commercial mineral salt to horses 117 

at will. 118 

The study was carried out after approval by the animal use ethics committee, in 119 

accordance with the animal welfare standards, upon signature of the owner's informed 120 

consent form. 121 

 122 

2.2. Analysis groups 123 

The animals were evaluated according to their clinical parameters such as heart 124 

rate (HR - beats per minute - bpm), respiratory rate (RR - movements per minute - mpm), 125 

mucosal color, rectal temperature (°C), capillary filling time (CFT). 126 
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The evaluations were also carried out according to the division by sex and age 127 

group. We also recommend evaluating the influence of age on electrocardiographic and 128 

echocardiographic parameters according to gender division. For this purpose, the animals 129 

were subdivided into age groups below 6 years and above 6 years. 130 

As there are no specific HR parameters for donkeys, the HR values were divided 131 

according to the reference for horses (28-60) and similar to the division into groups 132 

according to HR adopted by Guccione et al. (2014) (11). Thus, the division of the study 133 

according to HR by class was: class 1: HR ≤30 bpm, class 2: HR 30-60 bpm and class 3 134 

> 60 bpm  135 

   136 

2.3 Electrocardiographic examination 137 

The electrocardiographic examination was performed using the TEB® 138 

computerized system (Brazilian Electronic Technology, São Paulo-SP, Brazil), and the 139 

electrocardiographic tracings were recorded with a sensitivity of 1mV = 1cm and at a 140 

speed of 25 mm/s, compiling the bipolar I, II and III lead and unipolar amplified aVR, 141 

aVF and aVL. 142 

The electrodes were attached to the skin using “alligator” clips soaked with 143 

alcohol. Recordings were performed as described by Loon and Patteson (2010), placing 144 

the positive electrode on the left side, above the heart apex (green), just behind the 145 

olecranon, the negative electrode on the right side, cranial to the scapula, close to the 146 

jugular vein (red) and the ground electrode attached to the animal's withers (black). For 147 

each electrocardiographic record, HR, rhythm, P wave duration and amplitude, PR 148 

interval duration, QRS complex duration, R wave amplitude, S wave amplitude, QT 149 

interval duration were analyzed, duration and amplitude of the T wave. 150 

 151 
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2.4 Echocardiographic examination 152 

To obtain the echocardiographic evaluation, the animals were kept in a station, 153 

manually contained, without any type of sedation for the examination. Trichotomy and 154 

cleaning of the right thoracic region were performed, 10 cm above the height of the 155 

olecranon, with the right thoracic limb carefully placed forward. 156 

 The echocardiographic examination was performed using an ultrasound device 157 

(M-turbo Sonosite model, Fujifilm do Brasil Ltda., São Paulo-SP, Brazil), with a doppler 158 

function and a 2–8 MHz multifrequency sectorial transducer, in 2D mode. The transducer 159 

was positioned between the 4th and 5th intercostal space. The measurements were always 160 

performed by the same operator, obtaining three measurements from each assessment. 161 

Through the right parasternal window, in cross-section, M-mode, at the height of 162 

the papillary plane, in diastole were measured: interventricular septal thickening (IVS),  163 

left ventricular internal diameter (LVID), left ventricular free wall thickness LVFW and 164 

right ventricular diameter in diastole (RIVDd). In systole, interventricular septal 165 

thickening (IVS), left ventricular internal diameter (LVID), left ventricular free wall 166 

thickness (LVFW) were analyzed. 167 

The fractional shortening of the left ventricle (FS) was obtained by the Teichholz 168 

method. To calculate the FS (%) the following formula was used: (LVIDd – LVIDs/ 169 

LVIDd) x 100, and the left ventricular ejection fraction (EF) was also recorded.  170 

The diameter of the left atrium (LA) at the end of ventricular systole and of the 171 

aorta (Ao) in diastole, left atrium/aorta ratio (LA/Ao) (figure 1) were obtained at the 172 

height of the aortic plane and the pulmonary flow velocity (pulmonary velocity) and 173 

pressure gradient between the right ventricle and pulmonary artery at the level of the 174 

pulmonary plane. Lung diameter and aortic diameter were also measured, and the 175 

pulmonary/aorta ratio (pul/ao) was obtained from the cross-section of the base. Aortic 176 
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flow velocity (Ao. velocity), pressure gradient between left ventricle and aorta artery were 177 

also compiled. 178 

 179 

2.5 Statistical analysis 180 

The results are illustrated with the mean, standard deviation, minimum and 181 

maximum values. To analyze the parameters, the normality test used was the Shapiro-182 

Wilks test; to compare the proposed moments, the Mann-Whitnney test was used. All 183 

discussions were carried out at a 5% significance level. 184 

 185 

3. RESULTS 186 

The mean standard deviation, minimum and maximum values of the clinical 187 

parameters in healthy donkeys are tabulated in Table 1. The average age of the animals 188 

was 3.4 years, with a HR of 67 bpm and a RR of 35 mpm. 189 

The mean values and standard deviation of echocardiographic measurements and 190 

parameters of the healthy Pega breed donkeys are tabulated in Table 2. 191 

Through right parasternal window, four-chamber longitudinal section by the two-192 

dimensional echocardiogram of a male donkey, 6 years old was achieved to obtained the 193 

image illustrated in Figure 2. 194 

The mean values and range of echocardiographic measurements and parameters 195 

in healthy donkeys in relation to gender are tabulated in Table 3. 196 

Males had greater IVS thickness and LVd, and females had higher values of LVs 197 

and LVFW in systole and diastole obtained in the M mode. For the other parameters, 198 

measurements in males, had higher values than females, except for the velocity and 199 

pressure gradient of the pulmonary flow, where females had higher values than males. 200 
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The statistical analysis did not show a significant difference on any of the 201 

echocardiographic measurements between males and females. 202 

The mean values and standard deviation of electrocardiographic measurements 203 

and parameters of the 50 healthy Pega breed donkeys are tabulated in Table 4. 204 

In table 4 is tabulated the mean HR of 50 donkeys (65 bpm). According to the 205 

class division approved in the study, no animal presented sinus bradycardia and a HR 206 

below 35 bpm (class 1 = 0), 22 animals (44%) had a HR within class 2 (30-60 bpm) and 207 

28 animals (56%) presented a HR compatible with class 3 (> 60 bpm). In view of the 208 

horse reference, the predominant rhythm was Sinus Tachycardia. Bifid P waves were not 209 

observed in the animals in the present study. There was a predominance of the QRS 210 

complexes pattern of rS-type (figure 3). The amplitude of the T wave varied, with 45% 211 

(22 animals) showing positive T waves, 28% (14 animals) negative T waves and 28% 212 

biphasic T waves. Arrhythmic events were not detected in the animals in the present 213 

study. 214 

The mean values and range of electrocardiographic measurements and parameters 215 

in healthy donkeys in relation to gender are tabulated in Table 5. 216 

In table 5, we observe that females presented values of P and R wave amplitude 217 

higher than males with a significant difference between sexes, as well as higher values of 218 

S and T wave amplitude with a no significant difference.  Males presented higher values 219 

for the duration of the P wave, the QRS complex and the RR interval, with statistical 220 

difference between groups concerning sex for the duration QRS complex. 221 

Table 6 illustrates the electrocardiographic evaluations according to the division 222 

into groups according to gender being subdivided into groups by age group below 6 years 223 

and above 6 years. 224 



10 

 

There were significant differences among males under the age of 6 years and over 225 

6 years for the HR obtained by the electrocardiogram.  Animals under the age 6 years had 226 

higher HR values and PR interval. Animals above the age 6 years showed a reduction in 227 

the duration of the PR interval. The QT interval and the duration of the RR interval 228 

differed significantly among males; its value was higher in animals over 6 years old.  229 

A significant difference in the duration of the PR interval and S wave amplitude 230 

was presented among females. Females over 6 years old had a longer PR interval duration 231 

and a lower S wave amplitude. 232 

Table 7 illustrates the echocardiographic assessments according to the division 233 

into groups according to gender, subdivided into groups by age group below 6 years and 234 

above 6 years. 235 

There were significant differences among females for IVDs and IVDd. Females 236 

over 6 years showed higher values and the measurement for pulmonary artery diameter. 237 

There was a significant difference for IVSs between males, with a higher value 238 

and in the measurement of the aorta and pulmonary artery diameter in animals over 6 239 

years old. 240 

4. DISCUSSION 241 

The present study represented the normal reference range of echocardiographic 242 

and electrocardiographic measurements and parameters in healthy Pega donkeys. The 243 

mean HR results in this study, of the by clinical examination (67 bpm) and 244 

electrocardiogram (ECG) (65 bpm), were higher than that reported by Guccione et al. 245 

(2014) in donkeys (47 bpm). The authors evaluated the HR in 15 donkeys by Holter 246 

examination during the day and night. The mean HR in our study and the reported by the 247 

mentioned authors in horses are superior, indicating that there are differences in the 248 

activity of the autonomic nervous system (ANS) between donkeys, asses and horses. 249 



11 

 

There is a need for studies explaining and comparing the ANS activity between them. 250 

The different acquisition techniques of these parameters should also be considered, since 251 

in our study the HR recording was immediate to manipulation, which may have 252 

contributed to higher values. 253 

Escudero et al. (2009) carried out a study to evaluate the electrocardiographic 254 

parameters in both sexes in Zamorano-Leones using the conventional method. In our 255 

study, the P wave amplitude presented higher values for males (0.29 mV) and females 256 

(0.33 mV) in relation to the study of the aforementioned authors (males 0.24 mV, females 257 

0, 13 mV) and the S wave amplitude showed high values for males (1.84 mV) and females 258 

(1.94 mV) when compared to the findings by Escudero et al. (2009) (13) (males 0.95 mV) 259 

and females (0.51 mV). 260 

In our results the duration of the P waves was higher (males 113 ms) (females 110 261 

ms) than those found by the aforementioned authors (males 100 ms) (females (94 ms). In 262 

this study, males had an average of 118 ms and females 108 ms for the QRS complex and 263 

in Escudero et al. (2009) results, males had an average of 85 ms and females 66 ms. The 264 

QT interval for males in our study, the duration of the interval was 431 ms and for females 265 

433 ms , while Escudero reported 329 ms and 328 ms in duration respectively. 266 

The method used for the electrocardiographic assessment and the breed may have 267 

influenced the differences results for the duration and amplitude of the 268 

electrocardiographic waves. The scarce information in literature of electrocardiographic 269 

parameters in donkeys, requires studies aimed at standardizing clinical and 270 

electrocardiographic parameters for the breed. Al-Haidar et al. (2013) demonstrated in 271 

horse studies that breed has an influence on echocardiographic parameters. 272 

The echocardiographic parameters obtained in the M mode in the present study, 273 

when compared with the donkey parameters originated by Roberts and Dukes-McEwan 274 
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(2016), regarding gender in diastole for males, showed higher values, (IVSd = 1.81 and 275 

LVIDd = 6.81) than those reported by Roberts and Dukes-McEwan (2016) (15) in males 276 

(IVSd = 1.64 and LVIDd = 6.65) and LVFWd  for the Pega breed  were similar to those 277 

of the aforementioned authors for males with an average of 1.68 cm. 278 

The thickness measurement parameters, SIVd and LVFWd, in the females (IVSd 279 

= 1.70, LVFWd  = 1.77) were higher than those found by aforementioned authors (IVSd 280 

= 1.57, LVFWd = 1.74 ). LVIDd of females, in our study had lower values (LVIDd = 281 

6.79) than the values reported by Roberts and Dukes-McEwan (2016) (LVIDd = 7.31). 282 

In the present study and aforementioned authors showed that females had greater 283 

thickness of LVFWd, demonstrating that gender should be considered for the analysis of 284 

echocardiographic parameters in donkeys. 285 

In this study, parameters obtained in the M mode in systole, females had higher 286 

thickness measurement parameters (LIVDs and LVFWs) than males and in the results 287 

reported by Roberts and Dukes-McEwan (2016). Pega males and females had higher 288 

values for SIVs (males 3.16 X 2.55; females 2.97 X 2.64). In our study, LIVDs 289 

measurements showed similar values as those found by the aforementioned authors for 290 

females (LIVDs = 4.15 cm), and males had lower values (LIVDs = 3.96) when compared 291 

to the work by Roberts and Dukes-McEwan (2016) (LIVDs 4.03). Thickness 292 

measurement LVFWs, was higher for both sexes (males = 2.51, females = 2.64) when 293 

compared to the study by the aforementioned authors (males = 2.30, females 2.22). 294 

Pega females aged over 6 years had higher values in LIVDs and LIVDd 295 

parameters and SIVs in males. Horse heart size and dimensions increases in relation to 296 

the animal´s height and weight, but according to Farag and Ibrahim (2020), in study with 297 

donkeys, did not find an association between echocardiographic parameters in both the B 298 

mode and the mode M with age and body weight. 299 
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In horses, age has a great effect on the inner diameter of the aortic and pulmonary 300 

arteries. In addition, body weight also has a significant effect on all echocardiographic 301 

dimensions, but sex has no effect on any of them (Al-Hadair et al. 2013). In our study, 302 

animals over six years old presented higher measurements in aortic and pulmonary 303 

diameters. In humans, the aortic diameter may increase with age, and collagen changes 304 

and systemic arterial hypertension may contribute to aortic artery aneurysm (Kobeissi et 305 

al. 2019; Chen et al. 2021). 306 

Scarce data literature and the need for racial distinction, emphasizes the need to 307 

standardize electrocardiographic and echocardiographic parameters in donkeys. Because 308 

the animals do not show obvious clinical signs, cardiovascular diseases in this species can 309 

be underdiagnosed. The early diagnosis of changes in heart rate and cardiovascular 310 

structure can contribute to the use of these animals in modalities that require excessive 311 

effort and reduce the number of conditions that go undiagnosed (Hassan and Torad, 312 

2015). 313 

Cardiovascular disease can be seen in donkeys, presumably with a prevalence 314 

similar to horses. Available information about these conditions is uncommon in this 315 

species, which does not make the diseases rare. However, a large proportion of 316 

cardiovascular diseases are described in horses that lead to reduced performance. 317 

Considering that donkeys and asses are not commonly used as riding animals and their 318 

athletic attitude is limited, these diseases could easily be underdiagnosed (Roberts and 319 

Dukes-McEwan (2016). 320 

According to Reef (2019) a regular sinus rhythm, with a range HR at rest from 24 321 

bpm to 44 bpm, is the most common rhythm detected in horses. The adult horse has high 322 

vagal tone present at rest, especially in good physical conditions, resulting in low resting 323 

heart rates and rhythm disturbances that disappear with excitement, exercise, or any 324 
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intervention that increases sympathetic tone. Thus, according to reports by Reef (2019) 325 

and with the mean heart rates found in the animals in this study, we observed that donkeys 326 

have high HR compared to horses, which may lead us to infer that reference values for 327 

horses should not be used to assess normality parameters for donkeys. Studies using HRV 328 

analysis in this context are necessary, since, as illustrated in this study, donkeys seem to 329 

have a higher sympathetic tone when compared to horses, which have a predominance of 330 

vagal tone. 331 

Several studies describe cardiovascular affections in horses, as well as 332 

electrocardiographic patterns (Fernandes et al. 2004; Dantas et al. 2014), 333 

echocardiographic patterns in the species (Gehlen and Bildheim 2018; Marr 2019; 334 

Almeida 2009; Siwinska et al. 2019) in foals (Freccero et al. 2018) also related to weight, 335 

sex and age, as well as common changes in the category of athlete animals (Reef et al. 336 

2014). According to the echocardiographic parameters obtained in the present study, 337 

donkeys seem to have lower values for these parameters in horses, as described in the 338 

literature. 339 

Due Pega donkeys are widely used in work modalities that require physical effort 340 

(Proops et al. 2012) we highly recommend echocardiographic and electrocardiographic 341 

parameters examination. In recent years, in human and veterinary medicine, modern 342 

Doppler echocardiography techniques have been introduced to assess myocardial 343 

function by measuring cardiac muscle velocities and deformations. Studies in marathon 344 

runners, the effect of training on myocardial deformation parameters, demonstrated that 345 

longitudinal myocardial contractility and high early diastolic velocities (E wave) were 346 

directly correlated with increased left ventricular diastolic internal diameters (Gehlen and 347 

Schalaga 2019). Future studies in donkeys can also be used to assess myocardial function 348 
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in order to establish the impact that high workloads can have on the cardiovascular 349 

system. 350 

5. CONCLUSIONS 351 

Echocardiographic and electrocardiographic evaluation is feasible in donkeys, and 352 

there are parameter similarities described in the equine species. Gender is a factor to be 353 

considered when evaluating such parameters. For the analysis and investigation of 354 

cardiovascular diseases in the species, it is necessary to evaluate specific parameters for 355 

donkeys. The standardization of such parameters can contribute to future studies, aiming 356 

to evaluate the influence of exercise on the parameters of this species, since in horses the 357 

changes induced by exercise in cardiac electrical conduction are described in the 358 

literature, as well as contributing to studies evaluating the heart rate variability in species. 359 

 360 
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Table 1. Clinical parameters (mean, standard deviation, minimum and maximum) in Pega 487 

breed donkeys. 488 

Parameter Mean ± SD Minimum Maximum 

Age(years) 3.46±3.08 1.00 13.00 

HR (bpm) 67.20±16.38 40.00 120.00 

RR (mpm) 35.60±9.08 20.00 60.00 

T ºC 37.82±0.63 36.60 39.10 

 

Table 2. Echocardiographic parameters in Pega breed donkeys (mean, standard deviation, 489 

minimum and maximum 490 

Parameter Mean ± SD Minimum Maximum 

IVSd (cm)  1.74±0.34 1.26 2.59 

LVIDd(cm) 6.80±1.08 4.60 9.17 

LVFWd (cm) 1.73±0.33 1.17 2.67 

IVSs (cm) 3.05±0.55 1.83 4.59 

LVIDs (cm) 4.07±0.71 2.45 5.47 

LVFWs (cm) 2.59±0.46 1.77 3.84 

RIVDd (cm) 1.81±0,61 1.0 3.74 

EF (%) 68.82±7.09 53.00 86.00 

FS (%) 39.92±5.99 27.90 55.80 

LA (cm) 5.27±0.64 4.03 6.51 

Ao (cm) 4.03±0.59 2.67 5.14 

LA/Ao 1.31±0.14 1.02 1.67 

Pulmonary diameter  3.28±0.45 2.25 4.30 
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Aortic diameter 4.04±0.59 2.70 5.17 

Pul./Ao 0.82±0.10 0.66 1.35 

Pul.Veloc. (m/s) 91±14.71 64.60 135.00 

Pul.Gr. Pres.(mmHg) 3.39±1.11 1.67 7.29 

Aortic Veloc. (m/s) 87.60±14.95 60.30 130.60 

Ao.Gr. Pres. (mmHg) 3.13±1.06 1.45 6.82 

The level of significance was defined as p < 0.05. IVSd: IVSd: interventricular septal thickening in diastole; 491 

LVIDd: left ventricular internal diameter in diastole; LVFWd: left ventricular free wall thickness in 492 

diastole; IVSs: interventricular septal thickening in systole; LVIDs: left ventricular internal diameter in 493 

systole; LVFWs: left ventricular free wall thickness in systole; RIVDd: right ventricular diameter in 494 

diastole; EF: ejection fraction; FS: fractional shortening of the left ventricle ; LA: left atrial diameter; Ao: 495 

internal diameter of the aortic root; LA/Ao: left atrium and aorta diameter ratio; Pul./Ao: Pulmonary and 496 

aorta diameter ratio; Pul. Veloc.: Pulmonary velocity; Pres. Gr. Pul.: Pressure gradient between right 497 

ventricle and pulmonary artery; Aortic Veloc.: Aortic velocity; Ao. pres. Gr.: Pressure gradient between 498 

left ventricle and aorta. 499 

 500 

     Table 3. Descriptive statistics for echocardiographic measurements and parameters in Pega 501 

breed donkeys according to gender (mean, standard deviation, minimum, maximum), males 502 

(n=20) and females (n=30). 503 

Parameter Mean ± SD 

(males) 

Mean ± SD 

(females) 

Minimum 

(males) 

Minimum 

(females) 

Maximum 

(males) 

Maximum 

(females) 

p-

value 

IVSd (cm)  1.81±0.34 1.70±0.34 1.27 1.26 2.29 2.59 0.310 

LVIDd(cm) 6.81±1.32 6.79±0.92 4.60 4.89 9.17 9.13 0.934 

LVFWd (cm) 1.68±0.26 1.77±0.37 1.27 1.17 2.12 2.67 0.364 

IVSs (cm) 3.16±0.59 2.97±0.52 2.46 1.83 4.59 3.99 0.247 

LVIDs (cm) 3.96±0.82 4.15±0.62 2.45 3.19 5.44 5.47 0.370 
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LVFWs (cm) 2.51±0.51 2.64±0.44 1.80 1.77 3.57 3.84 0.361 

RIVDd (cm) 2.00±0.64 1.68±0.57 1.26 1.00 3.57 3.74 0.078 

EF (%) 71.10±6.18 67.30±7.34 61.00 53.00 86.00 82.00 0.062 

FS (%) 41.78±5.44 38.68±6.10 34.00 27.90 55.80 51.90 0.073 

LA (cm) 5.42±0.66 5.17±0.62 4.03 4.15 6.51 6.27 0.171 

Ao (cm) 4.02±0.62 4.03±0.58 2.67 2.90 5.00 5.14 0.965 

LA/Ao 1.35±0.15 1.28±0.12 1.11 1.02 1.67 1.63 0.066 

Pulmonary 

diameter  

3.30±0.54 3.27±0.39 2.25 2.66 4.30 4.10 0.787 

Aortic 

diameter 

4.11±0.72 3.99±0.50 2.71 2.70 5.17 4.88 0.516 

Pul./Ao 0.83±0.13 0.82±0.07 0.71 0.66 1.35 0.98 0.753 

Pul.Veloc.(m/s) 89.73±16.00 91.84±14.00 66.80 64.60 135.00 118.40 0.624 

Pul.Gr. 

Pres.(mmHg) 

3.31±1.25 3.45±1.02 1.78 1.67 7.29 5.61 0.682 

Aortic Veloc. 

(m/s) 

88.83±14.28 86.79±15.57 65.10 60.30 110.50 130.60 0.641 

Ao.Gr. Pres. 

(mmHg) 

3.16±1.00 3.10±1.12 1.70 1.45 4.88 6.82 0.853 

The level of significance was defined as p < 0.05. IVSd: interventricular septal thickening in diastole; LVIDd: left 504 

ventricular internal diameter in diastole; LVFWd: left ventricular free wall thickness in diastole; RIVDd: right ventricular 505 

diameter in diastole; IVSs: interventricular septal thickening in systole; LVIDs: left ventricular internal diameter in 506 

systole; LVFWs: left ventricular free wall thickness in sistole; EF: ejection fraction; FS: fractional shortening of the left 507 

ventricle ; LA: left atrial diameter; Ao: internal diameter of the aortic root; LA/Ao: left atrium and aorta diameter ratio; 508 

Pul./Ao: Pulmonary and aorta diameter ratio; Pul. Veloc.: Pulmonary velocity; Pres. Gr. Pul.: Pressure gradient between 509 
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right ventricle and pulmonary artery; Aortic Veloc.: Aortic velocity; Ao. pres. Gr.: Pressure gradient between left ventricle 510 

and aorta. 511 

 

Table 4. Electrocardiographic parameters in Pega breed donkeys (mean, standard 512 

deviation, minimum, maximum), males (n=20) and females (n=30). 513 

Parameter Mean ± SD Minimum Maximum 

HR (bpm) 65.00±16.50 35.00 95.00 

P (ms) 111.00±18.38 73.00 160.00 

P (mV) 0.31±0.05 0.18 0.46 

PR (ms) 230.80±41.57 150.00 337.00 

QRS (ms) 112.36±15.84 87.00 177.00 

R (mV) 0.10±0.02 0.04 0.20 

S (mV) 1.90±0.45 0.93 3.03 

QT (ms) 432.74±61.12 320.00 573.00 

QTc (ms) 442.00±32.90 349.00 538.00 

T (ms) 137.58±32.20 80.00 213.00 

T (mV) 0.46±0.17 0.23 0.90 

RR (ms) 974.36±277.47 630.00 1757.00 

The level of significance was defined as p < 0.05. 514 

 

Table 5. Electrocardiographic parameters in Pega breed donkeys according to gender (mean, standard 515 

deviation, minimum, maximum), males (n=20) and females (n=30) 516 

Parameter Mean ± SD 

(males) 

Mean ± SD 

(females) 

Minimum 

(males) 

Minimum 

(females) 

Maximum 

(males) 

Maximum 

(females) 

p-

value 

HR (bpm) 65.80±18.35 65.83±15.47 35.00 41.00 95.00 95.00 0.994 
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P (ms) 113.35±19.07 110.66±18.16 87.00 73.00 160.00 147.00 0.618 

P (mV) 0.29±0.06 0.33±0.05 0.18 0.25 0.43 0.46 0.017 

PR (ms) 230.80±52.37 230.80±33.51 150.00 167.00 337.00 293.00 1.000 

QRS (ms) 118.70±19.42 108.00±13.00 87.00 87.00 177.00 133.00 0.019 

R (mV) 0.08±0.02 0.11±0.03 0.07 0.04 0.14 0.20 0.003 

S (mV) 1.84±0.52 1.94±0.40 0.93 1.37 3.03 2.76 0.493 

QT (ms) 431.40±63.28 433.63±60.17 320.00 333.00 567.00 573.00 0.900 

QTc (ms) 439.30±37.59 444.90±29.84 379.00 349.00 538.00 492.00 0.564 

T (ms) 130.40±32.57 142.36±31.59 97.00 80.00 213.00 200.00 0.201 

T (mV) 0.45±0.17 0.47±0.18 0.24 0.23 0.90 0.79 0.778 

RR (ms) 1003.25±335.05 955.10±235.76 630.00 633.00 1757.00 1460.00 0.553 

The level of significance was defined as p < 0.05 517 

Table 6. Electrocardiographic measurements and parameters in male and female Pega donkeys 518 

according to age group (< 6 years and > 6 years old). 519 

                             Females p-

value 

                      Males p-

value 

Parameters 

ECG 

< 6 years  

(n = 22) 

> 6 years  

(n=8) 

 < 6 years  

(n =17) 

> 6 years  

(n = 3) 

 

HR (bpm) 66.86±15.90 

(41.00;95.00) 

63.00±14.86 

(43.00;87.00) 

0.550 71.00±14.43 

(50.00;94.00) 

36.33±1.15 

(35.00;37.00) 

0.0007 

P (ms) 110.63±17.85 

(73.00;147.00) 

110.75±20.25 

(73.00;140.00) 

0.980 112.94±20.16 

(87.00;160.00) 

115.66±14.01 

(100.00;127.00) 

0.820 

P (mV) 0.32±0.04 

(0.25;0.45) 

0.35±0.06 

(0.29;0.46) 

0.070 0.28±0.06 

(0.18;0.43) 

0.31±0.02 

(0.30;0.34) 

0.520 
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PR (ms) 223.27±29.94 

(167.00;273.00) 

251.50±36.00 

(193.00;293.00) 

0.030 216.23±39.72 

(150.00;273.00) 

313.33±37.58 

(270.00;337.00) 

0.001 

QRS (ms) 107.22±10.34 

(93.00;127.00) 

110.62±14.54 

(87.00;133.00) 

0.480 115.70±14.88 

(87.00;133.00) 

135.66±36.14 

(110.00;177.00) 

0.100 

R (mV) 0.11±0.03 

(0.04;0.20) 

0.11±0.02 

(0.07;0.15) 

0.930 0.08±0.01 

(0.07;0.12) 

0.10±0.03 

(0.08;0.14) 

0.110 

S (mV) 2.04±0.40 

(1.45;2.76) 

1.65±0.28 

(1.37;2.06) 

0.010 1.80±0.51 

(0.93;3.03) 

2.09±0.58 

(1.43;2.52) 

0.380 

Q (mV) 0.00±0.00 0.00±0.00 0.00 00.00±0.00 00.00±0.00 0.00 

QT (ms) 425.00±59.97 

(333.00;573.00) 

455.00±61.38 

(373.00;540.00) 

0.250 413.41±48.49 

(320.00;477.00) 

533.33±29.72 

(510.00;567.00) 

0.0007 

QTc (ms) 440.00±32.18 

(349.00;490.00) 

457.00±18.83 

(430.00;492.00) 

0.180 443.70±38.18 

(379.00;538.00) 

414.66±26.27 

(399.00±445.00) 

0.220 

T (ms) 138.00±29.57 

(80.00;200.00) 

153.25±36.42 

(113.00;200.00) 

0.260 122.23±23.24 

(97.00;167.00) 

176.66±44.52 

127.00;213.00 

0.004 

T (mV) 0.48±0.18 

(0.25;0.79) 

0.43±0.20 

(0.23;0.70) 

0.530 0.42±0.16 

(0.24;0.90) 

0.63±0.08 

(0.55;0.71) 

0.056 

RR (ms) 943.90±238.66 

(633.00;1460.00) 

985.87±240.65 

(673.00;1327.00) 

0.670 884.23±179.94 

(630.00;1203.00) 

1677.66±68.88 

(1633.00;1757.00) 

0.000 

The level of significance was defined as p < 0.05. 520 

 521 

Table 7. Echocardiographic measurements and parameters in male and female Pega 522 

donkeys according to age group (< 6 years and > 6 years old). 523 
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 Females p-

value 

Males p-

value 

Parameters 

ECO 

< 6 years 

(n = 22) 

> 6 years 

(n=8) 

 < 6 years 

(n=17) 

> 6 years 

(n=3) 

 

IVSd (cm)  1.66±0.34 

(1.26;2.46) 

1.83±0.34 

(1.44;2.59) 

0.24 1.75±0.33 

(1.27;2.29) 

2.12±0.22 

(1.87;2.29) 

0.080 

LVIDd (cm) 6.41±0.60 

(4.89;7.39) 

7.81±0.88 

(6.28;9.13) 

0.0001 6.59±1.27 

(4.60;8.37) 

8.06±0.96 

(7.39;9.17) 

0.070 

LVFWd (cm) 1.71±0.35 

(1.17;2.67) 

1.92±0.42 

(1.27;2.50) 

0.18 1.67±0.26 

(1.27;2.12) 

1.70±0.29 

(1.53;2.04) 

0.890 

IVSs (cm) 2.88±0.51 

(1.83;3.99) 

3.23±0.49 

(2.52;3.91) 

0.10 3.03±0.46 

(2.46;3.78) 

3.91±0.77 

(3.06;4.59) 

0.010 

LVIDs (cm) 3.90±0.44 

(3.19;4.74) 

4.82±0.57 

(3.74;5.47) 

0.0001 3.86±0.84 

(2.45;5.44) 

4.53±0.42 

(4.08;4.93) 

0.200 

LVFWs (cm) 2.59±0.43 

(1.77;3.48) 

2.76±0.46 

(2.22;3.84) 

0.35 2.42±0.47 

(1.80;3.46) 

3.03±0.46 

(2.72;3.57) 

0.050 

EF (%) 67.68±7.51 

(56.00;82.00) 

66.25±7.22 

(53.00;75.00) 

0.64 70.76±6.57 

(61.00;86.00) 

73.00±3.46 

(69.00;75.00) 

0.570 

FS (%) 38.90±6.33 

(30.20;51.90) 

38.07±5.78 

(27.90;46.00) 

0.74 41.45±5.75 

(34.00;55.80) 

43.63±3.30 

(39.90;46.20) 

0.530 

LA (cm) 5.06±0.59 

(4.21;6.24) 

5.46±0.67 

(4.15;6.27) 

0.12 5.32±0.64 

(4.03;6.24) 

6.02±0.42 

(5.70;6.51) 

0.090 

Ao (cm) 3.88±0.52 

(2.90;4.87) 

4.45±0.58 

(3.36;5.14) 

0.015 3.91±0.60 

(2.67;4.96) 

4.67±0.28 

(4.49;5.00) 

0.040 

LA/Ao 1.30±0.10 1.22±0.14 0.12 1.37±0.16 1.28±0.13 0.400 
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(1.14;1.63) (1.02;1.47) (1.11;1.67) (1.17;1.43) 

Pulmonary 

diameter  

3.16±0.34 

(2.66;3.84) 

3.58±0.39 

(2.78;4.10) 

0.008 3.20±0.49 

(2.25;4.30) 

3.91±0.42 

(3.44;4.26) 

0.030 

Aortic 

diameter 

3.92±0.53 

(2.70;4.88) 

4.20±0.36 

(3.52;4.68) 

0.17 3.98±0.69 

(2.71;5.10) 

4.80±0.55 

(4.17;5.17) 

0.070 

Pul./Ao 0.81±0.08 

(0.66;0.98) 

0.85±0.04 

(0.78;0.93) 

0.20 0.83±0.14 

(0.71;1.35) 

0.80±0.04 

(0.76;0.84) 

0.720 

Pul.Veloc. 

(m/s) 

89.35±14.17 

(64.00;113.00) 

98.67±11.71 

(80.00;118.00) 

0.10 89.32±16.70 

(66.80;135.00) 

92.06±13.90 

(77.00;104.40) 

0.790 

Pul.Gr. 

Pres.(mmHg) 

3.27±1.01 

(1.67;5.14) 

3.94±0.93 

(2.61;5.91) 

0.11 3.29±1.31 

(1.78;7.29) 

3.44±1.00 

(2.37;4.36) 

0.860 

Aortic Veloc. 

(m/s) 

88.15±16.07 

(61.00;130.00) 

83.03±14.39 

(60.00;90.00) 

0.43 90.70±12.85 

(67.30;110.50) 

78.23±20.45 

(65.10;101.80) 

0.160 

Ao.Gr. Pres. 

(mmHg) 

3.20±1.19 

(1.52;6.82) 

2.83±0.93 

(1.45;3.76) 

0.42 3.27±0.93 

(1.81;4.88) 

2.56±1.37 

(1.70;4.15) 

0.270 

The level of significance was defined as p < 0.05. IVSd: IVSd: interventricular septal thickening in diastole; 524 

LVIDd: left ventricular internal diameter in diastole; LVFWd: left ventricular free wall thickness in diastole; IVSs: 525 

interventricular septal thickening in systole; LVIDs: left ventricular internal diameter in systole; LVFWs: left 526 

ventricular free wall thickness in sistole; RIVDd: right ventricular diameter in diastole; EF: ejection fraction; FS: 527 

fractional shortening of the left ventricle ; LA: left atrial diameter; Ao: internal diameter of the aortic root; LA/Ao: 528 

left atrium and aorta diameter ratio; Pul./Ao: Pulmonary and aorta diameter ratio; Pul. Veloc.: Pulmonary velocity; 529 

Pres. Gr. Pul.: Pressure gradient between right ventricle and pulmonary artery; Aortic Veloc.: Aortic velocity; Ao. 530 

pres. Gr.: Pressure gradient between left ventricle and aorta. 531 

 532 



29 

 

 

Figure 1. Donkey echocardiogram, male, 6 years old, right parasternal window, cross-533 

section, aortic plane. 534 

 

Figure 2. Image obtained by the two-dimensional echocardiogram of a donkey, male, 6 535 

years old, right parasternal window, four-chamber longitudinal section. 536 
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Figure 3. Electrocardiogram, donkey, male, 6 years old, base-apex plane, rS pattern. 537 

 


