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RESUMO.- [Estudo de ultrassonografia modo-B e Doppler 
na avaliação das artérias carótidas comuns de equinos e 
muares e a relação com o peso, idade e a circunferência 
do pescoço.] Com o aumento da idade ocorrem alterações na 
anatomia e fisiologia cardiovascular, mesmo na ausência de 
doenças. Assim, os estudos da hemodinâmica dos vasos são 
considerados primordiais para detectar quaisquer alterações 
cardiovasculares. Esse trabalho tem como objetivo descrever 
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As age increases, changes in cardiovascular anatomy and physiology occur, even in 
the absence of disease. Thus, studies of vessel hemodynamics are considered primordial 
to detect any cardiovascular changes. The objective of this study has been to describe 
the parameters of B-mode and spectral Doppler ultrasonography in the evaluation of the 
common carotid arteries of 11 equine and 11 mules, and correlate with age, body mass and 
neck circumferences. The diameters, intima - media thickness (IMT), resistivity index (RI), 
pulsatility index (PI), systolic velocity (SV), diastolic velocity (DV), maximum velocity (MV), 
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as variáveis de ultrassonografia modo-B e Doppler espectral na 
avaliação das artérias carótidas comuns de 11 fêmeas equinas 
e 11 muares, e correlacionar com idade, massa corpórea e 
circunferências dos pescoços. Para tais procedimentos foram 
avaliados os diâmetros, espessura da camada íntima média 
(EIM), índice de resistividade (IR), índice de pulsatilidade (IP), 
velocidade sistólica (VS), velocidade diastólica (VD), velocidade 
máxima (VM), índice de vascularização de fluxo (IVF), massa 
corpórea, idade, circunferências e comprimentos dos pescoços. 
As variáveis ultrassonográficas foram avaliadas em três regiões 
diferentes denominados de crania médio e caudal. As fêmeas 
equinas apresentaram valores maiores referente ao massa 
corpórea, idade e comprimento dos pescoços, já em relação às 
circunferências dos pescoços dos animais, as dos muares foram 
superiores. A idade dos muares possuiu correlação positiva 
com a massa corpórea, diâmetro e com as circunferências dos 
pescoços, com as fêmeas equinas, possui correlação negativa 
entre idade e os diâmetros dos vasos. A massa corpórea dos 
muares teve correlação positiva com idade e diâmetros dos 
vasos, já às fêmeas equinas com diâmetros dos vasos e as 
circunferências dos pescoços. As variáveis IR e IP tiveram 
correlação positiva com a massa corpórea para os muares, e 
com idade para fêmeas equinas. O VD teve correlação negativa 
com a massa corpórea tanto para as fêmeas equinas quanto 
nos muares. Já as variáveis VM e IVF, a idade correlacionou 
negativamente para os muares, enquanto não foi significativo 
para as fêmeas equinas. Averiguou diferença entre fêmeas 
equinas e muares nas correlações realizadas, com a massa 
corpórea, idade, circunferências dos pescoços e entre as 
variáveis da ultrassonografia modo-B e Doppler.

TERMOS DE INDEXAÇÃO: Ultrassonografia, modo-B, Doppler, artéria 
carótida, equinos, muares, peso, idade, circunferência do pescoço.

INTRODUCTION
In equines, the common carotid artery is considered an 
important vessel. It irrigates the brain, neck and head and 
originates the internal carotid, external carotid and occipital 
arteries, besides several collateral branches, among them 
the muscular, tracheal and esophageal branches and also the 
cranial and caudal thyroid, ascending pharyngeal and parotid 
arteries (Getty 1981, Khamas et al. 2002, Ozgel et al. 2004, 
Krupinski et al. 2006). The diseases of the central nervous 
system (CNS) in equines and mules are a relatively important 
part of those treated by the veterinarian (Pessoa et al. 2014, 
Aguiar et al. 2014, Aguiar 2015).

In human medicine, the evaluation of the carotid is 
a fundamental routine examination due to the frequent 
occurrence of atheromas. However, atherosclerotic plaques 
are not so frequent in veterinary medicine, although there 
are already reports of its incidence in dogs and horses 
(Hess et al. 2003, Rosa et al. 2003, Ribeiro & Shintaku 2004, 
Aguiar  et  al. 2014). Another disturbance that affects the 
common carotid arteries is stenosis secondary to traumatic, 
neoplastic or inflammatory processes (Bonamigo & Lucas 
2007, Freitas et al. 2008, Kandiah et al. 2014). Other diseases 
that can also affect these great arteries are atherosclerosis, 
stiffening secondary to senility or chronic lesions and dissection 
(Mendes & Themudo Barata 2008).

The guttural pouch is a structure which exists in horses 
and mules and is positioned between the base of the skull 

and the atlas. This structure consists of air-filled diverticula 
of the ear tubes (Eustachian), which communicate between 
the middle ear and the pharynx (Borges et al. 2005, Hayah 
2011). There are diseases that affect the guttural sac and 
some of them are related to the carotid arteries, such as the 
aneurysm and fungal erosion of the internal carotid artery, 
which can seriously compromise this structure and even 
lead to the death of the animal in a few minutes. This is why 
diagnostic methods such as conventional or two-dimensional 
mode (B-mode) and spectral Doppler ultrasound can aid in 
the diagnosis of these diseases (Hayah 2011, Aguiar 2015).

B-mode ultrasonography is a two-dimensional, non-invasive 
and safe imaging modality that can be used to evaluate organs 
and tissues in real time. This technique allows the study of 
the diameter and thickness of the intima-media layer (IMT) 
of the common carotid arteries (Carvalho 2009). Spectral 
Doppler ultrasonography, on the other hand, is a tool that, 
coupled with conventional ultrasonography, allows the 
evaluation of the blood flow through the analysis of some 
variables such as resistivity index (RI), pulsatility index (PI), 
systolic velocity (SV), diastolic velocity (DV), maximal velocity 
(MV) and vascular flow index (VFI) (Cipone  et  al.  1997, 
Khamas et al. 2002, Torres et al. 2007, Aguiar 2015). Besides 
supplying information on the blood flow, the resistivity index 
(RI) and pulsatility index (PI) also inform on vessel impedance 
and compliance (Bailey et al. 2012, Aguiar 2015).

As a consequence of aging alterations take place in 
cardiovascular anatomy and physiology which are not considered 
pathological (Mendes & Themudo Barata 2008). In these cases, 
studies of vessel hemodynamics are primordial to detect any 
cardiovascular alterations, whether they are due to senility or 
to pathological processes (Paiva-de-Souza et al. 2010, Aguiar 
2015). This study aimed at describing the B-mode and Doppler 
ultrasonography variables in the common carotid arteries of 
equine females and mules and at correlating them with age, 
body mass and neck circumferences in these animals.

MATERIALS AND METHODS
This study has been approved by the Animal Ethics Committe 
(Comissão de Ética no Uso de Animais, CEUA) of Faculdade de 
Medicina Veterinária e Zootecnia de Botucatu (FMVZ/Unesp) 
(Protocol no. 0100/2017) and carried out at Fazenda Edgárdia, 
Unesp Campus Botucatu, Faculdade de Medicina Veterinária e 
Zootecnia (FMVZ). Twenty-two animals belonging to the division 
of education, research and extension in equidae of FMVZ, Unesp 
Botucatu were used. The  animals were classified in two groups: 
11 healthy equine females of undefined breed (UB), with body mass 
between 348 and 486 kilograms (kg) and aged from 5 to 25 years, 
and 11 healthy mules (six males and five females) with body mass 
between 350 and 462 kg, aged from 4 to 12 years.

For the ultrasound examinations, the animals were taken to 
the individual containments by professional handlers. During the 
exams the animals were not subjected to fluid or solid food fasting 
nor given sedatives, to avoid any hemodynamic changes. For the 
ultrasound examinations, isopropyl alcohol was applied in the region 
to be examined at the concentration of 30% water and 70% alcohol, 
followed by silicone gel to protect the transducers. Alcohol dispenses 
with the need for trichotomy and, along with the gel, improves the 
conduction of ultrasound waves. The animals were positioned according 
to their convenience; however, all were kept with their heads above 
their withers, which became the standard, comfortable positioning. 
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Ultrasound examinations were performed using equipment of the 
MyLab®30 model from the Italian manufacturer Esaote. A cardiac 
pre-set was used for the analysis of the flow of the common carotid 
arteries. The pre-set allows the evaluation of high-flow structures 
without alteration of the angle of insonation. A linear transducer 
(3.0 to 11.0 megahertz (MHz), made by Esaote, Italy) was used to 
obtain the B-mode images, and a convex transducer (1.0 to 8.0 MHz, 
also made by Esaote, Italy) to obtain spectral Doppler images.

The B-mode and spectral Doppler ultrasounds were done in three 
regions of the neck: caudal, middle and cranial (Fig.1). They were 
then analyzed and processed to select the PI for the spectral Doppler 
ultrasonography images, to obtain the blood flow variables (PI, RI, 
SV, DV, MV and FVI). The B-mode images, on the longitudinal and 
transversal planes, were used for measuring the intima-media 
thickness (IMT) and the diameters of the common carotid arteries 
of the animals.

The anatomic spots in these regions were classified as caudal, 
middle and cranial measurement points. The caudal point was 
determined by a dorsoventral line tangent caudally to the seventh 
cervical vertebra. The middle point was considered as a dorsoventral 
line tangent caudally to the articular fovea of the fourth cervical 
vertebra. The cranial point was identified as a line tangent dorsally 
to the condyles of the occipital bone and ventrally to the angle of 
the jaw. All values of PI, RI, SV, DV, MV, VFI, IMT and the diameters 
of the common arteries, right and left, were analyzed and, after 
that, entered into a table drawn up using Microsoft Excel 2013 
for statistical analysis, using The SAS System 9.0 software for the 
calculation of the mean and standard deviation in each group. 
Spearman’s correlation test was applied between the variables of 
interest. The base of the neck, middle and cranial (near the head) 
circumferences of the necks were measured using a millimetric 
measuring tape, along with the length of the neck, to evaluate their 
correlation with body mass, age, diameter and IMT of the walls of 

the common carotid arteries, right and left, of the animals (Fig.2) 
and immediately analyzed statistically. This study considered a 
significance of 5%, that is, the null hypothesis was rejected when 
p-value was smaller or equal to 0.05.

RESULTS
Table 1 illustrates the mean and standard deviation of the 
variables body mass, age, neck and base of the neck, middle 
and cranial circumferences in the equine and mule females.

It should be noted that this sample had an average body 
mass of 368 kg in mules and 413 kg in equine females, while the 
average age was 8 years for mules and 14 for equine females.

As for the neck circumferences, the base of the neck 
averaged 104 centimeters (cm) in the mules as well as in the 
equine females. The medium region averaged 87cm in the 
mules and 83cm in the equine females; the cranial variable 
averaged 71cm both in the mules and in the equine females. 
Neck length measured an average of 39cm in the mules and 
44cm in the equine females. Table 2 illustrates two statistics: 
the correlation value (r) and the p-value. The correlation 
values (r) indicate whether the correlation is positive, that is, 
if the increase in one variable is associated with the increase 
of the associated variable, or negative, when the variables are 
indirectly proportional.

In Table 2 it can be observed that the age of the mules had 
positive correlations with the body mass (p=0.0140), base of 
the neck (p<0.001), medium (p=0.0003), cranial (p<0.001) 
and longitudinal (p<0.001) and transversal diameter of the 
vessel (p<0.001).

The body mass variable showed positive correlations with 
age (p=0.0140), longitudinal diameter (p=0.0407), transversal 
diameter (p=0.0403) and base of the neck (p<0.001). There 

Fig.2. Measurements of the necks of the animals, being (A) cranial circumference, (B) medium and (C) base of the neck.

Fig.1. The images were obtained in the longitudinal and transversal plane of the animals, being (A) caudal, (B) medium and (C) cranial.
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was also a negative correlation with the longitudinal wall 
(p=0.0497).

For the base of the neck variable there were positive 
correlations with age (p<0,001), body mass (p<0.001), 
medium (p<0.001), cranial (p<0.001), neck length (p<0.001), 
longitudinal diameter (p<0.001), and transversal diameter 
(p<0.001).

Regarding the middle of the neck variable, there were 
positive correlations with age (p=0.0003), base of the neck 
(p<0.001), cranial (p<0.001) and neck length (p<0.001), 
longitudinal diameter (p<0.001), transversal diameter 
(p<0.001) and longitudinal wall (p=0.0397).

The cranial variable had positive correlations with age 
(p<0.001), base of the neck (p<0.001), middle of the neck 
(p<0.001), neck length (p<0.001), longitudinal diameter 
(p<0.001) and transversal diameter (p<0.001).

Table 3 shows the correlation of the variables of interest: 
body mass, age, diameters and IMT of the vessels and neck 
measurements in the equine females.

In Table  3 it can be observed that the age of equine 
females showed a positive correlation with the longitudinal 
wall (p=0.0431) and negative correlations with body mass 
(p=0.0040) and base of the neck (p=0.0217).

Table 1. Mean and standard deviation of descriptive variables in equine females and mules

Variables
Mules (N=11) Equine females (N=11)

Mean Standard 
deviation Minimum Maximum Mean Standard 

deviation Minimum Maximum

Body mass (kg) 368 72 175 462 413 42 348 486
Age (years) 8 3 3 12 14 7 5 25
Base of the neck (cm) 104 5 96 113 104 5 96 110
Medium (cm) 87 5 75 92 83 4 77 90
Cranial (cm) 71 7 52 77 71 6 63 83
Neck length (cm) 39 3 36 48 44 3 38 50
p-value<0.05.

Table 2. Spearman’s correlation test between the variables of interest: age, body mass, base of the neck, medium, cranial, 
neck length, longitudinal and transversal diameter and longitudinal and transversal wall of mules

Variables Statistic Age Body mass Base of the neck Medium Cranial Neck length
Age r 1.00 0.32 0.53 0.46 0.61 0.31

p-value 0.0140* <0.001* 0.0003* <0.001* 0.0165*
Body mass r 0.32 1.00 0.60 -0.04 -0.04 -0.02

p-value 0.0140* <0.001* 0.7608 0.7623 0.8505
Base of the neck r 0.53 0.60 1.00 0.60 0.65 0.69

p-value <0.001* <0.001* <0.001* <0.001* <0.001*
Medium r 0.46 -0.04 0.60 1.00 0.88 0.85

p-value 0.0003* 0.7608 <0.001* <0.001* <0.001*
Cranial r 0.61 -0.04 0.65 0.88 1.00 0.83

p-value <0.001* 0.7623 <0.001* <0.001* <0.001*
Neck length r 0.31 -0.02 0.69 0.85 0.83 1.00

p-value 0.0165 0.8505 <0.001* <0.001* <0.001*

Variables Statistic Longitudinal
diameter

Transversal
diameter

Longitudinal
wall

Transversal
wall

Age r 0.70 0.63 0.09 0.08
p-value <.0001* <.0001* 0.5265 0.5824

Body mass r 0.29 0.29 -0.28 -0.06
p-value 0.0407* 0.0403* 0.0497* 0.6710

Base of the neck r 0.64 0.71 -0.02 0.05
p-value <.0001* <.0001* 0.8925 0.7176

Medium r 0.55 0.58 0.28 -0.02
p-value <0.001* <0.001* 0.0397* 0.8589

Cranial r 0.58 0.62 0.19 0.03
p-value <0.001* <0.001* 0.1607 0.8322

Neck length r 0.49 0.57 0.21 0.04
p-value 0.0001* <0.001* 0.1187 0.7719

* p-value<0.05.
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As for the body mass variable, there were positive 
correlations with the base of the neck (p<0.001), middle of 
the neck (p<0.001), cranial (p<0.001), longitudinal diameter 
(p=0.0022) and transversal diameter (p=0.0122), and negative 
correlation with age (p=0.0040).

For the base of the neck variable there were positive 
correlations with body mass (p<0.001), middle of the neck 
(p<0.001), cranial (p<0.001) and longitudinal diameter 
(p=0.0364), and negative correlation with age (p=0.0217).

For the middle of the neck variable there were positive 
correlations with body mass (p<0.001), base of the neck 
(p<0.001) and cranial (p<0.001).

The cranial variable showed positive correlations with 
body mass (p<0.001), base of the neck (p<0.001) and middle 
of the neck (p<0.001).

As for the neck length variable in the equine females, no 
statistically significant correlation was observed with the 
variables analyzed. Table 4 illustrates the correlation of the 
variables of interest: Doppler, age, body mass, longitudinal 
and transversal diameter, longitudinal and transversal wall 
of the blood vessels of mules.

Table 4 shows that the RI variable has positive correlations 
with PI (p<0.001), SV (p= 0.0367) and body mass (p=0.0044), 
and negative correlations with the transversal diameter 
(p=0.0254) and DV (p=0.0010).

For the PI variable there were positive correlations with RI 
(p<0.001) and body mass (p=0.0002), and negative correlations 
with DV (p=<0.001) and MV (p=0.0045).

The SV variable had positive correlations with MV 
(p<0.001), VFI (p<0.001), DV (p<0.001) and RI (p=0.0367), 
and negative correlations with age (p=0.0367), longitudinal 
diameter (p=0.0010) and transversal diameter (p=0.0011).

The DV variable had positive correlations with MV (p<0.001), 
VFI (p<0.001) and SV (p<0.001), and negative correlations 
with RI (p=0.0010), PI (p<0.001), body mass (p=0.0264) and 
age (p=0.0336).

As for the MV variable, positive correlations were found with 
VFI (p<0.001), SV (p<0.001) and DV (p<0.001), and negative 
correlations with age (p<0.001), body mass (p=0.0111), 
longitudinal diameter (p=0.0014), transversal diameter 
(p=0.0036) and PI (p=0.0045).

With respect to the VFI variable, there were positive 
correlations with MV (p<0.001), SV (p<0.001) and DV 
(p<0.001), and negative correlations with age (p=0.0006), 
longitudinal diameter (p=0.0055) and transversal diameter 
(p=0.0055). Table 5 illustrates the correlation of the variables: 
Doppler, age, body mass, longitudinal and transversal 
diameter, longitudinal and transversal blood vessel wall of 
equine females; and shows that the RI variable had positive 
correlations with PI (p<0.001), SV (p<0.001), VFI (p=0.0355), 
longitudinal (p<0,001) and transversal diameter (p=0.0002), 

Table 3. Spearman’s correlation test between the variables of interest: age, body mass, base of the neck, medium, cranial, 
longitudinal and transversal diameter and longitudinal and transversal wall of equine females

Variables Statistic Age Body mass Base of the neck Medium Cranial Neck length
Age r 1.00 -0.34 -0.28 -0.22 -0.05 -0.21

p-value _ 0.0040* 0.0217* 0.0682 0.7097 0.0797
Body mass r -0.34 1.00 0.76 0.53 0.59 -0.20

p-value 0.0040* _ <0.001* <0.001* <0.001* 0.1010
Base of the neck r -0.28 0.76 1.00 0.77 0.72 0.01

p-value 0.0217* <0.001* _ <0.001* <0.001* 0.9535
Medium r -0.22 0.53 0.77 1.00 0.84 -0.16

p-value 0.0682 <0.001* <0.001* _ <0.001* 0.1808
Cranial r -0.05 0.59 0.72 0.84 1.00 0.04

p-value 0.7097 <0.001* <0.001* <0.001* _ 0.7563
Neck length r -0.21 -0.20 0.01 -0.16 0.04 1.00

p-value 0.0797 0.1010 0.9535 0.1808 0.7563 _

Variables Statistic Longitudinal
diameter

Transversal
diameter

Longitudinal
wall

Transversal
wall

Age r 0.07 0.08 0.28 0.09
p-value 0.6314 0.5602 0.0431* 0.5375

Body mass r 0.41 0.35 0.11 -0.01
p-value 0.0022* 0.0122* 0.4435 0.9342

Base of the neck r 0.29 0.17 -0.06 -0.14
p-value 0.0364* 0.2148 0.6529 0.3171

Medium r 0.01 0.03 -0.09 -0.14
p-value 0.9173 0.8397 0.5211 0.3221

Cranial r 0.22 0.17 0.10 -0.12
p-value 0.1212 0.2277 0.4788 0.4085

Neck length r 0.11 -0.09 -0.05 -0.07
p-value 0.4401 0.5266 0.7367 0.6358

* p-value<0.05.
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longitudinal blood vessel wall (p=0.0328) and age (p=0.0045), 
and negative correlation with DV (p=0.0029).

In the case of the PI variable, there were positive correlations 
with RI (p<0.001), SV (p<0.001), age (p=0.0020), longitudinal 
(p<0.001) and transversal diameter (p=0.0003), and negative 
correlation with DV (0.0043).

For the SV variable, there were positive correlations with 
MV (p<0.001), VFI (p<0.001), RI (p<0.001), PI (p<0.001) and 
DV (p=0.0002).

The DV variable showed positive correlations with MV 
(p<0.001), SV (p=0.0002) and VFI (p<0.001), and negative 
correlations with RI (p=0.0029), PI (0.0043), body mass 
(0.0392), longitudinal diameter (p=0.0009) and transversal 
diameter (p=0.0123).

The MV variable had positive correlations with VFI 
(p<0.001), SV (p<0.001) and DV (p<0.001).

The VFI variable had positive correlations with MV 
(p<0.001), SV (p<0.001), DV (p<0.001) and RI (p=0.0355).

DISCUSSION
Several studies about the carotid arteries have been done in a 
great number of animals, such as camels (Darweesh et al. 1989), 
buffaloes (Prakash & Rao 1976), bovines (Khamas & Mahdi 
1984, Braun & Fohn 2005) and dogs (Hess et al. 2003), among 
others. However, studies involving B-mode and spectral 

Doppler ultrasonography have been few, especially involving 
these animals and equines. Some studies with B-mode and 
spectral Doppler ultrasonography of the common carotid 
arteries of equines have been reported (Cipone et al 1997, 
Schmucker et al. 2000, Aguiar 2015). However, reports involving 
studies on mules or any large species except equines have 
not been found in the literature consulted.

Mules are hybrid equidae originating from the crossing 
between mares and donkeys and, although equines and 
donkeys share a common ancestry, they have significant 
morphological differences. Thus, it is to be expected that 
mules will present some anatomo-physiological differences 
from equines. However, there are few studies on equines 
which do not involve domestic horses, and so there is a dearth 
of information on mules (Burnhan 2002, Alsafy et al. 2008, 
Smith 2009). It is important that studies about these animals 
be undertaken, and especially about their common carotid 
arteries, which are responsible for carrying the oxygen-rich 
blood flow directly to the brain. Any change in the functioning 
of these vessels can cause severe neurological issues in the 
individual (Rosa et al. 2003, Chequer et al. 2006, Kobayashi 
& Karino 2016).

The intima - media layer thickness (IMT) and the diameter 
of common carotid arteries provide structural and anatomic 
information, just as the cardiac cycle variation provides 

Table 4. Spearman’s correlation test between the variables of interest: RI, PI, SV, DV, MV, VFI, age, body mass, longitudinal and 
transversal diameter and longitudinal and transversal wall of mules

Variables RI PI SV DV MV VFI
RI 1.00 0.93 0.26 -0.40 -0.15 -0.05

<0.001* 0.0367* 0.0010* 0.2352 0.7107
PI 0.93 1.00 0.11 -0.48 -0.35 -0.23

<0.001* 0.3703 <0.001* 0.0045* 0.0579
SV 0.26 0.11 1.00 0.61 0.85 0.84

0.0367* 0.3703 <0.001* <0.001* <0.001*
DV -0.40 -0.48 0.61 1.00 0.81 0.72

0.0010* <0.001* <0.001* <0.001* <0.001*
MV -0.15 -0.35 0.85 0.81 1.00 0.94

0.2352 0.0045* <0.001* <0.001* <0.001*
VFI -0.05 -0.23 0.84 0.72 0.94 1.00

0.7107 0.0579 <0.001* <0.001* <0.001*

Variables Age Body mass Longitudinal
diameter

Transversal
diameter

Longitudinal
wall

Transversal
wall

RI -0.03 0.36 -0.23 -0.30 -0.11 -0.22
0.8309 0.0044* 0.0945 0.0254* 0.4280 0.1077

PI 0.14 0.47 -0.07 -0.17 -0.17 -0.18
0.2784 0.0002* 0.6001 0.2211 0.2031 0.1760

SV -0.42 -0.12 -0.43 -0.42 -0.06 -0.18
0.0008* 0.3653 0.0010* 0.0011* 0.6734 0.1836

DV -0.27 -0.29 -0.22 -0.19 0.04 0.05
0.0336* *0.0264 0.0992 0.1504 0.7742 0.6948

MV -0.52 -0.33 -0.42 -0.38 0.02 -0.03
<0.001* *0.0111 0.0014* 0.0036* 0.8829 0.8053

VFI -0.43 -0.18 -0.37 -0.36 0.01 -0.10
0.0006* 0.1580 0.0055* 0.0063* 0.9437 0.4603

RI = resistivity index, PI = pulsatility index, SV = systolic velocity, DV = diastolic velocity, MV = maximum velocity, VFI = vascular flow index; * p-value<0.05.
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functional information (Caviezel et al. 2013, Aguiar 2015). 
IMT and the diameter of common carotid arteries are 
essential variables to diagnose stenosis and the presence of 
atherosclerotic plaques, including in the equine and canine 
species (Rosa et al. 2003, Hess et al. 2003, Coll et al. 2013, 
Aguiar et al. 2014, Kiyota 2014).

Krejza et al. (2006) have carried out work involving B-mode 
and spectral Doppler ultrasonography for the evaluation of 
common carotid arteries in humans (306 women and 194 men). 
Measurements of the circumferences and lengths of necks were 
used to obtain the correlation with the diameter and IMT of 
the common carotid arteries. It was found that women had 
lower values for the diameter, IMT, body mass, circumference 
and neck length. The present research evaluated the common 
carotid arteries in three regions: caudal, middle and cranial. 
This was done because in equines and mules the common 
carotid arteries vary along their length (Furuhata 1964).

Mules averaged higher values for neck circumference in 
the middle region, while at the base of the neck and in terms 
of cranial circumference both mules and equine females 
showed equivalent values. Mules probably have higher values 
for neck circumference due to being small and robust animals 
(Chirgwin et al. 2000). As for body mass, age and neck length, 
it was found that equine females had higher values.

In the evaluation according to age, mules had positive 
correlations with body mass, longitudinal and transversal 
diameter and neck circumference (base of the neck, middle 
region and cranial). In equine females, age had a positive 
correlation with the vessels’ longitudinal wall; similar to what 
was found by Aguiar (2015) in the Quarter horse breed, and 
negative correlations with body mass and the base of the 
neck. It was found that the age of equine females did not have 
significant correlations with the diameters of the common 
carotid arteries, unlike the results obtained by Aguiar (2015) 
with equines and Krejza et al. (2006), Torres et al. (2007), 
Freitas et al. (2008) and Coll et al. (2013) in humans.

Regarding the body mass variable, mules showed positive 
correlations with age, longitudinal and transversal diameter 
of the neck and base of the neck. On the other hand, equine 
females were found to have positive correlations with 
the longitudinal and transversal diameter and with neck 
circumference, including neck length. It was possible to 
ascertain that the body mass of all animals influenced in the 
longitudinal and transversal diameter of the common carotid 
arteries, similarly to what had been found by Higa (2009) and 
Denarie et al. (2000) and Zanini (2012) in humans and by 
Cipone et al. (1997) and Aguiar (2015) in equines.

Body mass also influenced the neck circumference of equine 
females (base of the neck region and head), as did age in mules. 

Table 5. Spearman’s correlation test between the variables of interest: RI, PI, SV, DV, MV, VFI, age, body mass, longitudinal and 
transversal diameter and longitudinal and transversal wall of equine females

Variables RI PI SV DV MV VFI
RI 1.00 0.94 0.59 -0.36 0.21 0.26

_ <0.001* <0.001* 0.0029* 0.0845 0.0355*
PI 0.94 1.00 0.57 -0.34 0.14 0.17

<0.001* _ <0.001* 0.0043* 0.2545 0.1646
SV 0.59 0.57 1.00 0.44 0.84 0.81

<0.001* <0.001* _ 0.0002* <0.001* <.0001*
DV -0.36 -0.34 0.44 1.00 0.72 0.65

0.0029* 0.0043* 0.0002* _ <0.001* <0.001*
MV 0.21 0.14 0.84 0.72 1.00 0.91

0.0845 0.2545 <0.001* <0.001* _ <0.001*
VFI 0.26 0.17 0.81 0.65 0.91 1.00

0.0355* 0.1646 <0.001* <0.001* <0.001* _

Variables Age Body
mass

Longitudinal
diameter

Transversal
diameter

Longitudinal
wall

Transversal
wall

RI 0.34 0.06 0.53 0.50 0.30 0.19
0.0045* 0.6376 <0.001* 0.0002* 0.0328* 0.1889

PI 0.37 0.01 0.55 0.48 0.21 0.16
0.0020* 0.9339 <0.001* 0.0003* 0.1273 0.2641

SV 0.16 -0.15 0.04 0.12 0.16 0.26
0.1960 0.2171 0.7947 0.4000 0.2504 0.0612

DV -0.04 -0.25 -0.45 -0.34 -0.08 0.09
0.7424 0.0392* 0.0009* 0.0123* 0.5860 0.5465

MV -0.01 -0.17 -0.26 -0.13 0.13 0.26
0.9491 0.1727 0.0623 0.3508 0.3482 0.0611

VFI -0.05 -0.18 -0.21 -0.10 0.15 0.23
0.6900 0.1524 0.1408 0.4639 0.2912 0.0958

RI = resistivity index, PI = pulsatility index, SV = systolic velocity, DV = diastolic velocity, MV = maximum velocity, VFI = vascular flow index; * p-value<0.05.
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This correlation of body mass with neck circumference had 
already been mentioned by Krejza et al. (2006) in humans, 
and males showed a wider variability.

Regarding spectral Doppler parameters, it was observed 
that the RI variable of mules showed a positive correlation 
with PI, SV and body mass, and negative correlations with 
DV and transversal diameter. In equine females there were 
positive correlations with PI, SV, VFI, age and longitudinal and 
transversal diameter, and negative correlation with DV, that is, 
there was a positive correlation between the variable RI with 
body mass in mules, while in equine females that correlation 
is with age, as reported by Aguiar (2015) in equines and by 
Barbosa et al. (2006) in humans. A positive correlation was 
also found between RI and the longitudinal and transversal 
diameter of the neck in equine females, while in mules this 
correlation was negative.

Very high values of RI reduce DV, and, depending on the 
issue that is causing the increase in resistance of the vessel, 
DV absence may be observed. SV is the most reliable measuring 
variable to determine the degree of obstruction of the vessel 
studied, since the reduction in blood flow occurs after stenosis, 
but can also be observed when there is a reduction of DV 
(Bragato 2013). Thus, hemodynamic indices such as RI, PI and 
SV help in the comparison between SV and DV, collaborating in 
the diagnosis of stenosis or thrombosis of peripheral vessels 
with increased resistance (Hedrick et al. 1995).

In humans it is observed that, depending on the degree 
of stenosis of the common or internal carotid artery, an 
alteration of the distal blood flow may occur. Light degrees 
of stenosis result in reduced blood flow (VFI), increase of SV 
near the point of stenosis and increase of RI and PI. These 
alterations point to an increase in resistance and a reduction 
of the vascular compliance of the carotid artery, that is, a 
reduction of the arterial blood flow through the artery in 
question. Severe degrees may result in significant reduction 
of the blood flow speed (SV, MV, DV), or the flow may become 
absent or even negative (reverse) (Johnston  et  al. 1981, 
Kaproth-Joslin et al. 2014).

These findings are normally more prominent the closer 
the measurement point is to the change, although they may 
also be observed in cases of vascular spasm, carotid dissection 
and in inflammatory processes. Another common occurrence 
is increased arterial blood flow through the contralateral 
carotid to compensate for the reduced blood flow in the brain 
and thus avoid ischemic brain lesions. On the other hand, the 
alteration of the blood flow in the two common carotids is 
more indicative of a diffuse arterial inflammatory process or 
of intracranial changes such as increased intracranial pressure 
or diffuse intracerebral vascular spasm (Johnston et al. 1981, 
Kaproth-Joslin et al. 2014).

The PI has been suggested for the standardization of 
blood flow, as it is more sensitive to differentiate abnormal 
waves (Moreira et al. 2008), and both PI and RI are measured 
independently of the angle of insonation (Pozor & McDonnell 
2004, Bailey et al. 2012).

Regarding the PI variable of mules, positive correlations 
were observed with RI and body mass, and negative correlations 
with DV and MV. On the other hand, in equine females the 
PI variable showed positive correlations with RI, SV, age and 
longitudinal and transversal diameter, and negative correlation 
with DV, that is, a positive correlation was observed between 

the PI and body mass in mules. As for female equines, that 
correlation was observed with age, as found by Aguiar (2015) 
in equines and Barbosa et al. (2006) in humans.

The RI normally has a positive correlation with the PI and 
negative correlation with DV (Carvalho 2009, Kiyota 2014), 
and this correlation has been observed in both equine and 
mule females, as this procedure allows the evaluation of vessel 
resistance and blood flow speed. High values of RI indicate 
lower arterial elasticity, that is, greater vascular resistance in 
the irrigated region. There is, however, a correlation between 
the increase of carotid RI and atherosclerosis risk factors 
(Carvalho 2009, Kiyota 2014).

For the SV variable, positive correlations were observed 
with MV, VFI, DV and RI, and negative correlations with age, 
longitudinal and transversal diameter in mules. In the case 
of equine females, positive correlations were found with MV, 
VFI, DV, PI and RI, and no negative correlation, contrasting 
with what has been reported by Cipone et al. (1997), who 
observed a negative correlation with vessel diameters in 
equines. In the present study this was observed statistically 
only in mules, unlike what Hansen et al. (1995) reported in 
humans, in whom there is a positive correlation between 
these variables.

According to Appleton & Hatle (1992), in humans SV is 
inversely proportional to age, and in this work this has been 
statistically identified only in mules, and was not found to be 
relevant in equine females.

As for the DV variable in mules, it showed positive correlations 
with MV, VFI and SV, and negative correlations with RI, PI 
and body mass. In equine females positive correlations were 
found with MV, VFI and SV, and negative correlations with 
RI, PI, body mass and transversal diameter. It was observed 
that both in mules and equine females body mass is inversely 
proportional to the DV variable, just as pointed out by Appleton 
& Hatle (1992) in humans.

In mules, the MV variable had positive correlations with 
the VFI, SV and DV variables, and negative correlations with 
PI, age, body mass, longitudinal and transversal diameter. 
Regarding equine females, positive correlations were observed 
with VFI, SV and DV and no negative correlation, unlike what 
was reported by Cipone et al. (1997), who found a negative 
correlation with vessel diameters in equines. However, this 
was statistically verified only in mules.

Schmidt-Trucksass et al. (1999) observed an indirectly 
proportional correlation between MV and age in humans, 
a response identical to that found in mules. However, the 
association between these variables has been studied and 
correlated with age (Barbosa et al. 2006).

As for the VFI variable, positive correlations were noticed 
with MV, SV and DV, and negative correlations with age, 
longitudinal and transversal diameter in mules. In equine 
females only positive correlations with MV, SV, DV and RI 
were observed. In spite of the results noted about VFI, there 
are still no reports of any correlation involving this variable 
in equines in the consulted literature.

CONCLUSIONS
The correlations analyzed showed variations between 

equine and mule females.
Neck circumference is greater in mules than in equine 

females, but length is greater in equines.
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In mules age influences neck circumference, while in 
equine females it influences body mass.

All neck regions are positively correlated in all animals.
Vessel diameters are related with all regions in mules, but 

in equine females only with the base of the neck.
The resistivity index (RI) and pulsatility index (PI) are 

positively correlated with body mass in mules and with age 
in equine females.

Systolic velocity (SV) influences age negatively only in 
mules, and diastolic velocity (DV) influences body mass in 
all animals.

Maximum speed (MV) and vascular flow index (VFI) are 
negatively connected with age and with diameters only in 
mules.
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