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AGUIAR, ACS. Avaliacao ultrassonografica da artéria carétida comum em
equinos da raca Quarto de Milha. Botucatu, 2015. 67p. Dissertagédo
(Mestrado) — Faculdade de Medicina Veterinaria e Zootecnia, Campus de
Botucatu, Universidade Estadual Paulista “Julio de Mesquita Filho” — UNESP.

RESUMO

A artéria carétida comum em equinos se trifurca com algumas variagoes
anatdmicas e € o principal vaso que fornece sangue arterial para o cérebro,
sendo que € conhecido que sua oclusao causa lesdes encefalicas em ratos e
humanos. H&4 muito pouca literatura a respeito de estudos anatdmicos e
ultrassonograficos desse vaso nessa espécie. Esse estudo avaliou a artéria
carétida comum de 50 equinos da raca Quarto de Milha em diferentes idades,
divididos em trés grupos (grupo I: >2anos, n=14; grupo II: 3-10 anos, n=21;
grupo 1ll 15-30 anos, n=15), e obteve valores de referencia para espessura
intima-media (EIM), indice de resistividade (IR), indice de pulsatilidade (IP) e
didmetro para ambas artérias cardtidas comuns. Os exames foram feitos
utilizando um transdutor de 18 MHz no sulco jugular, na altura de C5-C6. O
didmetro esquerdo médio foi de 8,71 + 1,09 mm para o grupo I; 10,11 £ 0,72
mm para o grupo Il e 10,72 + 0,96 mm para o grupo lll. O diametro direito
médio foi de 8,92 + 1,24 mm para o grupo |; 10,96 + 1,06 mm para o grupo |l e
11,76 = 1,07 mm para o grupo lll. A EIM foi de 0,90 £ 0,15 mm; 1,02 £ 0,09 mm
e 0,97 £ 0,10 mm para os grupos |, Il e lll, respectivamente. Os valores médios
de IR e IP obtidos foram 0,75 + 0,07 e 1,63 + 0,33 para o grupo |; 0,81 + 0,06 e
2,08 + 0,46 para o grupo Il; 0,90 + 0,10 e 3,20 £ 0,74 para o |,
respectivamente. As variaveis IR, IP e EIM n&o sao influenciadas por sexo ou
lado, mas sim por idade. Ja o diametro esta correlacionado com o lado e idade,

sendo sempre maior do lado direito.

Palavras-chave: equino, artéria carétida comum, ultrassonografia.



AGUIAR, ACS. Ultrasonografic evaluation of the common carotid artery in
American Quarter Horses. Botucatu, 2015. 67p. Dissertacdo (Mestrado) —
Faculdade de Medicina Veterinaria e Zootecnia, Campus de Botucatu,
Universidade Estadual Paulista “Julio de Mesquita Filho” — UNESP.

ABSTRACT

Common carotid artery in horses trifurcates with some anatomical
variations and it is the main supply of arterial blood to the brain. It is known that
carotid occlusion can cause encephalic lesions in rats and humans. There are
few studies on this vessel, including ultrasonografic evaluation of his vessel in
this species. This study evaluated the common carotid artery in 50 American
Quarter horses with different ages, separated into three groups (group I:
>2years, n=14; group II: 3-10 years, n=21; group lll 15-30 years, n=15), and
reference values for intima-media thickness (IMT), resistivity index (RI),
pulsatility index (Pl) and diameter were obtained for both arteries. Exam was
performed using an 18 MHz transducer on jugular groove, on level of C5-C6.
Mean left diameter was 8.71 £ 1.09 mm for group I; 10.11 £ 0.72 mm for group
I and 10.72 £ 0.96 mm for group Ill. Right diameter was 8.92 + 1.24 mm for
group I; 10.96 + 1.06 mm for group Il and 11.76 + 1.07 mm for group IIl. IMT
was 0.90 = 0.15 mm; 1.02 £ 0.09 mm and 0.97 + 0.10 mm for groups |, Il and
[ll, respectively. Mean Rl and PI obtained were 0.75 + 0.07 and 1.63 + 0.33 for
group I; 0.81 £ 0.06 and 2.08 £ 0.46 for group II; 0.90 £ 0.10 and 3.20 * 0.74 for
group lll, respectively. The variables RI, Pl and IMT are not influenced by
gender or side, but were by age. Diameter was influenced by both, age and

side, and right diameter was always greater than the left.

Key words: equine, common carotid artery, ultrasound.
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1. INTRODUCAO

A ultrassonografia € um método de diagnostico por imagem nao invasivo
e seguro, que nao utiliza radiagédo ionizante e fornece informagdes em tempo
real das estruturas analisadas (CARVALHO et al., 2008; MANNION, 2006).

A artéria carétida comum € um importante vaso que da origem a trés
artérias: artéria carétida interna e externa e artéria occipital (ORR et al., 1983;
GETTY, 1981; FURUHATA, 1964). Apesar de o melhor vaso para se avaliar o
fluxo sanguineo cerebral ser a artéria carétida interna (SCHONING et al.,
1994), a ramificacdo da artéria cardétida comum apresenta ao menos cinco
variagbes anatdbmicas na espécie equina (HAYAH, 2012). Além disso a artéria
carotida interna esta intimamente associada com a bolsa gutural (HAYAH,
2012), que é repleta de ar e, portanto, um péssimo condutor das ondas sonoras
necessarias para a formagcdo da imagem ultrassonografica. Tendo em vista
essas limitacdes, a avaliacdo da artéria carétida comum pode servir como
alternativa para a avaliacdo de fluxo sanguineo cerebral, pois € um dos trés
vasos que supre sangue para esse orgao (SCHUMUCKER et al., 2000).

Ha poucos estudos sobre a avaliagdo ultrassonografica da artéria
carotida comum em equinos (CIPONE et al., 1997) apesar de sua pesquisa em
humanos ser extensa (CAVIEZEL et al., 2013; JURASIC et al., 2007; FRICK et
al., 2002; DENARIE et al., 2000).

A espessura intima-media (EIM) é, provavelmente, o parametro mais
estudado dessa artéria em humanos ja que sabe-se que seu espessamento
estd associado ao risco de doengas cardiovasculares (COLL et al.,, 2013;
FRICK et al., 2002). Em humanos, sabe-se também que o diametro desse vaso
varia com a pressao sanguinea e o peso (KREJZA et al., 2006). E que
estenose ou placas instaveis nesse vaso levam a lesdes encefalicas em
humanos e ratos (KANDIAH et al., 2013; ALTAF et al., 2006; UEHARA et al.,
1999).

Em relacédo ao fluxo, trés medidas tém sido mais comumente utilizadas
na ultrassonografia Doppler, sdo eles: indice de resistividade (IR), indice de
pulsatilidade (IP) e fluxo sanguineo arterial total (FSAT) (BAILEY et al., 2012).
Sendo que IR e IP além de fornecerem informacdes sobre o fluxo, fornecem
também informacdes sobre a impedancia do vaso (BAILEY et al., 2012;
POZOR et al., 2004; HEDRICK 1995).



Diametro, velocidades e IR em equinos ja foram relatados, porém nao
foram correlacionados com idade (CIPONE et al., 1997; SCHUMUCKER et al.,
2000).

O presente trabalho teve como objetivo obter valores de referéncia para
o didmetro, espessura intima-média, IR e IP da artéria carétida comum em
equinos, bem como avaliar como esses parametros sao influenciados por

idade, sexo e lado.



2. REVISAO DE LITERATURA

2.1. ANATOMIA DA ARTERIA CAROTIDA COMUM

A artéria carétida comum esquerda € um ramo direto da aorta e a direita
surge do tronco braquicefalico em humanos (JURASIC et al., 2007; DENARIE
et al., 2000). Em equinos, elas sao descritas como ambas originarias do tronco
bicarotideo e como apresentando diversos ramos colaterais, entre eles os
ramos musculares, esofagicos, traqueais, artérias tireoideas cranial e caudal,
artéria parotidea e a artéria faringea ascendente (GETTY, 1981).

A artéria carétida comum direita passa obliquamente da superficie dorsal
da traqueia para seu lado direito e inclina-se no sentido da superficie dorsal da
traqueia proximo a sua terminacdo. E esta superficialmente em contato com a
veia jugular externa na parte caudal do pescogo, porém sao separadas pelo
musculo omo-hioideo mais cranialmente. Préximo a sua terminagao, a artéria
se apresenta mais profunda e esta relacionada lateralmente as glandulas
mandibulares e parétida e medialmente ao eséfago. Na regiao do musculo
cricofaringeo divide-se em trés importantes artérias: artéria occipital, artérias
carotidas externa e interna (GETTY, 1981).

A artéria carétida comum esquerda se difere da direita, pois apresenta-
se mais profundamente em relacdo ao eséfago e em contato com a traqueia
por uma curta distancia, aproximadamente 8 a 10 cm na base do pescoco.
Esse contato pode ser ainda menor caso o es6fago seja mais ventral e o tronco
bicarotideo longo (GETTY, 1981).



Artéria Carétida Interna

Artéria
Carotida
Externa

Artéria Occipital

Artéria Cardtida
Comum Esquerda

Tronco
Bicarotideo,

Artéria
Carotida
Comum Direita

Figura 1: Esquema anatémico da origem e trifurcagédo da artéria carétida

comum. (Fonte: arquivo pessoal)

Em humanos, a artéria carétida comum se bifurca em artéria carétida
interna e externa, porém nos equinos, ela termina no que € conhecida como
trifurcacao carotidea, ou seja, divide-se em trés ramos: artéria carétida externa,
artéria carétida interna e artéria occipital. Essa terminagao € conhecida como
trifurcacao carotidea (FURUHATA, 1964)

A artéria cardtida externa € o ramo mais calibroso da trifurcacdo da
artéria carétida comum e, portanto, considerada sua continuagdo (FURUHATA,
1964) A artéria occipital normalmente € o segundo maior ramo e geralmente se
origina cranialmente a artéria carétida interna, mas algumas vezes a artéria
cardtida interna e a artéria occipital se originam de um ramo comum para
depois se dividirem (ORR et al., 1983; FURUHATA, 1964).



Ja a artéria cardtida interna provém sangue arterial diretamente para o
cérebro dos equinos, com muito pouco de seu fluxo associado a tecidos
extracerebrais (ORR et al., 1983)

O estudo de Hayah (2012), que utilizou 50 cabecas de equinos, mostrou
que ha variagdes na arvore carotidea e descreveu 5 variacbes anatdbmicas
referentes da artéria carétida interna:

1. A artéria carédtida interna e a artéria occipital emergem de um ramo

comum da artéria carétida comum

2. Um ramo aberrante da artéria carétida interna se une a artéria basilar

3. Um ramo aberrante da artéria carétida interna ndo se une a artéria

basilar

4. Um ramo aberrante da artéria carétida interna da origem a diversos

ramos satélites

5. Um ramo aberrante da artéria cardtida interna apresenta um ramo

satélite que se conecta ao ramo caudal da artéria occipital ipsilateral

2.2. ULTRASSONOGRAFIA E DOPPLER

A ultrassonografia diagnostica utiliza ondas sonoras de alta frequéncia
que ndo sao audiveis ao ser humano (MANNION, 2006). As ondas sonoras sé&o
produzidas por cristais piezoelétricos presentes nos transdutores e interagem
com os tecidos, onde podem ser refletidas, refratadas ou absorvidas
(CARVALHO et al.,, 2008; MANNION, 2006). As ondas que retornam ao
transdutor sdo as responsaveis pela formagdo da imagem (MANNION, 2006).
O modo B fornece imagem em tempo real onde cada ponto na tela € um eco
que retornou e € o modo mais comumente usado (MANNION, 2006).

Apesar de ser um método nao invasivo e que nao utiliza radiagao
ionizante como outros métodos de diagndstico por imagem, ainda nao € claro
se é um método sem complicagdes. E o método mais seguro de todos, porém,
pode ter consequéncias como aquecimento, cavitacdo e formacdo de
hematoma se utilizado inadequadamente (MANNION, 2006). A cavitacdo e
formacado de hematomas sao raramente relatados e o aquecimento pode ser de
2 a 3°C na superficie 6ssea ou corporea (MANNION, 2006).

A ultrassonografia € aplicada a medicina equina para o diagnéstico de

alteracbes musculoequeléticas, cardiovasculares, abdominais e reprodutivas
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(CIPONE et al, 1997). O ultrassom no modo B associado com 0s recursos
Doppler, também conhecido como Doppler Duplex e fornece informacdes
anatbmicas e hemodindmicas em tempo real (CARVALHO et al., 2008;
HEDRICK, 1995) Essa ferramenta tem sido utilizada também para medir o fluxo
sanguineo na artéria carétida comum em humanos (SCHONING et al., 1994).

A ultrassonografia com Doppler permite a avaliagdo qualitativa e
quantitativa de vasos e tecidos, fornecendo informacdes estruturais e
hemodinamicas (FERREIRA, et al., 2011).

A ultrassonografia bidimensional, também conhecida como modo B,
permite distinguir nas imagens a arquitetura dos tecidos estudados
(CARVALHO, 2009) Ja o recurso Doppler caracteriza o fluxo sanguineo, por
meio do tracado dos vasos, velocidades e diregdao do fluxo (CARVALHO,
2009).

O efeito Doppler foi descrito pelo fisico austriaco Johann Christian
Andreas Doppler em 1842, no qual ele descreve a variagdo da altura do som
do apito de trem, em movimento, em relagdo a posicdo do observador
(CARVALHO, 2009). Neste fendbmeno, a frequéncia do som parece variar se ha
um movimento relativo entre a fonte emissora e o observador (HEDRICK,
1995).

O principio fisico do efeito Doppler € aplicado a ultrassonografia Doppler,
onde as hemacias em movimento nos vasos correspondem a fonte emissora
de som e o transdutor ao observador. Dessa forma, o efeito Doppler se refere a
diferenga entre a frequéncia da onda sonora emitida pelo transdutor e a
frequéncia dos ecos que retornam do fluxo sanguineo em movimento. Sendo
assim, a frequéncia aumenta quando o fluxo sanguineo esta em dire¢cao ao
transdutor e diminui quando esta no sentido contrario (NYLAND & MATTOON,
2005).

A variagao entre a frequéncia emitida e recebida se chama variacao de
frequéncia Doppler que ¢é definida pela formula: Af= f ecebida - femitida- A variagao
de frequéncia Doppler é positiva quando o fluxo se aproxima do transdutor,
pois a frequéncia recebida sera maior que a emitida, e negativa quando o fluxo
vai em dire¢ao contraria.

Porém, para o angulo formado entre o feixe sonoro emitido pelo

transdutor e o fluxo sanguineo, denominado dngulo Doppler, pode variar. Para

9



isso foi proposta uma férmula com fator de corregcdo para que essa variavel
possa ser considerada (NYLAND & MATTOON, 2005). A formula Doppler é:
2.f.V.cos angulo Doppler

Af =

Considera-se que Af representa a mudanca de frequéncia, f representa a

c

frequéncia do transdutor, V significa a velocidade do fluxo sanguineo, ¢ é uma
constante que representa a velocidade média do som nos tecidos (1540m/s) e
o angulo Doppler é aquele formado entre o eixo do vaso e da onda sonora
(HEDRICK, 1995).

A velocidade do fluxo pode ser calculada a partir da frequéncia e do
angulo Doppler (HEDRICK, 1994). Como angulos grandes podem gerar erros
de calculo para a velocidade, é indicado que sinais de vasos superficiais sejam
obtidos com angulos entre 30 e 60° (HEDRICK, 1995). Quanto mais paralelo o
eixo do vaso com a onda sonora (angulo 0°), mais preciso sera o valor
calculado da velocidade, visto que o cosseno de 0° é um. Quando o feixe
sonoro se encontra perpendicular ao vaso analisado, ndo ha detec¢ao de fluxo,

pois o cosseno de 90° é zero.

},"'llj-. Ili.l_‘l_i. I|Hr 'Tlrl' i :III |i|1'|ihli:

Figura 2: Imagem do Doppler Triplex, indicando o angulo Doppler (area rosa)
formado pela interseccao da direcdo do feixe sonoro (linha verde) e diregao do
fluxo (linha amarela). A seta laranja indica o sentido do fluxo. (Fonte: arquivo

pessoal)
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2.2.1. DOPPLER ESPECTRAL

O Doppler espectral demonstra as variagdes de frequéncia captadas
pelo transdutor através de um grafico bidimensional, onde marca a variacao da
velocidade calculada (eixo y) em relagdo ao tempo (eixo x ou linha de base),
essa linha representa o fluxo zero (CARVALHO et al., 2008; NYLAND &
MATTOON, 2005). As variagbes de frequéncia positivas, ou seja, quando o
fluxo esta indo em direcao ao transdutor, aparecem acima dessa linha e as
variagdes negativas, abaixo (CARVALHO et al., 2008).

O modo Duplex combina a imagem em tempo real do modo B com o
tracado do Doppler pulsado e a localizacdo da amostra. Nesse modo, a
variagcdo da frequéncia Doppler é expressa através do grafico e também
sonoramente, sendo o volume do som diretamente proporcional a quantidade

de células sanguineas em movimento (CARVALHO et al., 2008).
e Lab FMVZ - UNESP BOTUCATU

piermadical

GROSS C/ S*, ADRIANA *, NiNo, , ID: MACHO 1ASM, FEB 13 2014 13:57
12 MHz G MAX 6.6 MI2 G 76% PW F 6.6 MHz G 70%
XV - ; PRF 4 .2kHz
PRS 4
T 4
SV 1- 16mm(@ +60° 50 Hz

FACTORY LA435 I

| :‘
LMl LD
‘_I. ¥ '-".I,,.,l.'f\'d- I'[T'.'

Figura 3: Imagem do Doppler Triplex do fluxo da artéria carétida comum de um
equino. A linha verde indica a diregao do feixe sonoro, a linha amarela a
direcédo do fluxo, a seta amarela indica o tragado espectral do vaso. O valor
angulo Doppler calculado pelo aparelho esta assinalado pelo circulo vermelho.

(Fonte: arquivo pessoal)
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Os espectros fornecem inumeras informagdes e cada artéria ou veia
pode ser identificada pelo seu tragado caracteristico (CARVALHO et al., 2008).

O sangue apresenta um fluxo laminar no interior da maioria dos vasos, o
que fornece diferentes variacbes de frequéncia Doppler dependendo da regiao
(CARVALHO et al., 2008; HEDRICK, 1995). A velocidade do fluxo é mais lenta
na periferia e mais rapida no centro do vaso, devido as forgas de atritos que
causam a perda de energia das células mais proximas as paredes dos vasos
(CARVALHO et al., 2008; HEDRICK, 1995). Nesses casos, a mensuragcao das
velocidades pode ser feita de duas maneiras: insonagao uniforme (quando o
volume de amostra envolve todo o caso) ou velocidade maxima (quando o
volume amostrado € apenas no centro do vaso) (CARVALHO et al., 2008).

A artéria carétida comum em humanos apresenta um tragado composto
por caracteristicas da artéria cardtida interna e externa e a velocidade do pico
sistélico é entre 60 e 100 cm/s (HEDRICK, 1995). Em equinos, tem
caracteristicas de um vaso de baixa resisténcia, com uma alta velocidade
sistélica seguida de uma onda diastodlica visivel (CIPONE et al, 1997).

Animais com baixa frequéncia cardiaca (abaixo de 45bpm) podem
apresentar uma onda sistolica bifida, que foi sugerido por alguns autores como
sendo consequéncia do turbilhonamento na aorta ascendente, mas que se
acredita ter origem cardiaca (CIPONE et al, 1997).

2.3. PARAMETROS VASCULARES

Parametros de artérias periféricas e centrais sdo muito estudados em
humanos como um meétodo nio invasivo para acessar o risco de doenga
cardiovascular em humanos (STEIN et al., 2008; FRICK et al., 2002). InUmeros
estudos mostraram que o didmetro do lumen e a espessura da parede da
artéria carétida comum sao indicadores confiaveis do risco de arteriosclerose
(CAVIEZEL et al., 2013; STEIN et al., 2008; FRICK et al., 2002). A espessura
intima-média (EIM) e o didmetro do lumen da carétida fornecem informacdes
estruturais e anatdmicas do vaso enquanto o modo como esses variam ao
longo de um ciclo cardiaco fornecem informacgdes funcionais (CAVIEZEL et al,
2013). A aplicabilidade e repetibilidade dos parametros funcionais, tais como

distensibilidade, complacéncia, tensdo, indice de rigidez, mddulo de
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elasticidade de Young e de Peterson, ainda estdo em discussao (CAVIEZEL et
al., 2013).

Ha correlacdo comprovada entre diametro, volume de fluxo, velocidades
sistélica, diastélica e média em equinos (CIPONE et al, 1997). Foi encontrada,
também, diferenga entre o diametro da ateria carétida comum de homens e
mulheres, sendo que o didmetro em mulheres era menor que dos homens,
mesmo quando ajustado para peso (KERJZA et al., 2007; DENARIE et al.,
2000). O mesmo foi relatado para equinos em um estudo de Cipone et al.
(1997). J&4 em um estudo para caes da ragca Labrador, ndo foi encontrada
corelacéo entre sexo e diametro (SVICERO et al., 2013).

Furuhata (1964) realizou um dos poucos estudos anatdmicos sobra a
artéria carétida comum em equinos. Em seu estudo post mortem, ele relata que
o diametro varia ao longo do vaso e proximo ao local de divisdo, a artéria se
dilata, podendo chegar ao dobro do didametro anterior. Os valores obtidos
foram: 4,3£0,9 mm e 4,0+0,7 mm para a base, variando de 3 a 7 mm no eixo
maior € 2,8 a 5,6 mm no eixo menor. Ja proximo a trifurcacdo, os diametros
maiores e menores foram, respectivamente: 9,9+1,2 mm e 7,5£0,9 mm,
variando de 7,5 a 13 mm e 6,0 a 9,2mm. Porém o autor ndo diferenciou lados
esquerdos de direitos, idade ou raca dos animais.

Denarie et al. (2000) realizaram um estudo, em humanos sadios, onde
avaliaram como o sexo, lado e idade influenciavam os seguintes parametros:
espessura intima-média (EIM) e diédmetro. Jurasic et al.(2007) também
avaliaram a influéncia da idade sobre variaveis estruturais e hemodinamicas
(IR e IP) desse vaso, para que pudessem ser usados como valores de
referéncia para futuros estudos.

O exame padrdo no modo Duplex é utilizado para, primeiramente, se
identificar placas oclusivas na carétida. O risco de doenca cardiovascular pode
ser acessado pela afericdo da espessura da intima-media da caroétida, pois os
aparelhos atuais ainda nao permitem que seja medida apenas a espessura da
camada intima (STEIN et al., 2008).
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Figura 4: Sonograma em modo B da artéria carétida comum de um equino. O
diametro do vaso € considerada a distancia entre a transicdo da camada
intima-advineticia proximal até distal (linha azul). A espessura intima-média é a
distancia entre a luz do vaso até a transigdo da camada intima para adventicia

(linha vermelha). (Fonte: arquivo pessoal)

Frick et al (2002) realizaram o exame ultrassonografico em modo M e
Doppler espectral da artéria braquial de 117 pacientes para avaliar a correlagao
dos parametros morfolégicos, mecanicos e funcionais dessa artéria com o risco
de arteriosclerose coronaria. Observaram que apenas houve correlagdo entre
0os parametros estruturais e a presenga de doenga da artéria coronaria, os
parametros funcionais e mecanicos nédo foram significativos nesse estudo
(FRICK et al., 2002). Os paréametros funcionais ainda tem sua significancia
discutida (CAVIEZEL et al., 2013).

Os parametros funcionais, como tensdo, coeficiente de distensao,
pressao de pulso, coeficiente de complacéncia, indice de rigidez e modulos
elasticos refletem a capacidade elastica da artéria carotida comum (CAVIEZEL
et al., 2013). Eles séo obtidos através de calculos complexos de medidas feitas
em imagens no modo M (CAVIEZEL et al., 2013; FRICK et al., 2002). Porém
sua reprodutibilidade nao é tao alta quanto os parametros estruturais e parece
nao ser tdo confiaveis para vasos periféricos (CAVIEZEL et al., 2013; FRICK et
al., 2002).

Trés medidas tém sido mais comumente utilizadas para quantificar o

fluxo sanguineo através da ultrassonografia Doppler, sdo eles: indice de
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resistividade (IR), indice de pulsatilidade (IP) e fluxo sanguineo arterial total
(FSAT) (BAILEY et al., 2012). Enquanto o IR e IP informam sobre a resisténcia
do fluxo pelo vaso, o FSAT mede o fluxo de sangue que passa por determinado

local dentro de um ciclo cardiaco por meio da seguinte férmula:

VPS + (IR.VPS — VPS)) (D)Z
LT

IP 2

FSAT = (
Onde VPS é a velocidade do pico sistdlico e D o diametro. (BAILEY et al.,
2012).

O Doppler espectral permite mensurar a resisténcia e a velocidade do
fluxo através do calculo do indice de resistividade (IR) e o indice de
pulsatilidade (IP) (CARVALHO et al., 2008; YING & AHUJA, 2005). Essas
grandezas adimensionais sao utilizadas para quantificar a impedancia ou
resisténcia do fluxo (HENDRICK, 1995). A impedancia vascular esta
relacionada com a rigidez do vaso (P1ZZI et al., 2006). POZOR & DONNELL
(2004) sugerem que IR e IP sao indicadores mais sensiveis do fluxo arterial
que as velocidades sistolica e diastdlica, justamente por fornecerem informacéao
também sobre a impedancia vascular.

Outras vantagens do uso desses indices se dao também pelo fato de
nao serem dependentes do angulo de insonagdo e conseguir avaliar vasos
tortuosos ou pequenos (HENDRICK, 1995).

Esses dois parametros podem ser calculados por meio das seguintes

equacoes:
IR = velocidade no pico sistélico - velocidade no fim da diastole
o velocidade no pico sistélico
P = velocidade no pico sistélico - velocidade no fim da diastole

velocidade média

(NYMAN & O’BRIEN, 2007, POZOR & DONNELL, 2004; HENDRICK,
1995).

Baixos valores pra IR indicam alto metabolismo enquanto altos valores
de IR indicam baixo metabolismo (CARVALHO et al., 2008). Ou seja, IR altos
indicam ondas pulsateis (HENDRICK, 1995), com grande diferenga entre a
VPS e VDF. Ja o IP é mais indicado para tragcados que possuem uma fase
negativa (CARVALHO et al., 2008).

Schmucker et al. (2000) avaliaram o tergo proximal da artéria carétida

comum de 17 equinos durante o descanso, sedacao e anestesia para obter
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valores de IR, fluxo total maximo e area transversal do vaso. Os valores obtidos
para animais em descanso foram: indice de resistividade de 0,9 £0,07; fluxo
total maximo de 34,6 +7,8 ml/seg; area transversal de 70+22 mm?.

O indice de resistividade diminuiu apdés a sedacdo e anestesia,
indicando, provavelmente, uma vaso dilatacdo das artérias carétidas interna e
externa (SCHUMUCKER et al., 2000). O autor afirma ainda nao haver
diferenga estatistica significativa entre os vasos direito e esquerdo
(SCHUMUCKER et al., 2000).

Os parametros fisiolégicos da artéria carétida comum, se bem
conhecidos, podem ser indicadores potenciais de desempenho atlético ou grau
de adaptagao ao exercicio, uma vez que podem refletir o fluxo aértico (CIPONE
et al, 1997).

2.4. IMPORTANCIA CLINICA

Ha poucos estudos sobre a avaliagdo fisioldgica e os parametros
normais da artéria carétida comum em equinos. E o estudo dessa estrutura é
de extrema importancia, uma vez que o conhecimento da hemodinamica desse
vaso pode fornecer informagdes valiosas sobre o sistema cardiovascular dos
equinos (CIPONE et al, 1997).

O conhecimento sobre os parametros e o equipamento de ultrassom
podem fazer com que o0 exame ultrassonografico seja quase tao sensivel
quanto exames de ressonancia ou tomografia computadorizada. Em um estudo
realizado por Dematte et al., 2012 mostrou que exames ultrassonograficos com
Doppler conseguiram detectar quase todos os casos de paragangliomas de
carétida, diagnosticados posteriormente por ressonancia magnética ou
tomografia computadorizada. O ultrassom possibilitou detectar 92% dos casos
apesar de nao ser preciso quanto ao tamanho da lesdo (DEMATTE et al.,
2012).

Em humanos, a EIM da carétida € utilizada para prever o risco de
doenca cardiovascular, como aterosclerose sistémica. Essa medida esta
significativa e positivamente relacionada com idade, pressé&o arterial, indice de
massa corporea e circunferéncia abdominal, por um p menor que 0,001 (COLL
et al., 2013).
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Uehara et al (1999) realizaram a secao bilateral da artéria carétida
comum de 22 ratos com 5 dias de idade e comprovaram, através de exames
imunohistoquimicos, que apos dois dias de hipoperfusdo cerebral, ja haviam
lesdes significativas nos encéfalos desses animais. As lesdes constituiam de
necrose de coagulagao e cistos, sendo que 91% afetavam a capsula interna ou
a subcortical de matéria branca, confirmando que a substancia branca é mais
susceptivel a isquemias moderadas que a matéria cinzenta.

Kandiah et al (2013) também demonstraram como a estenose da artéria
carotida influencia lesdes da substancia branca no encéfalo de humanos,
sendo que tanto maior a estenose, maior eram as lesdes de substancia branca,
especialmente periventricular. E Altaf et al. (2006) afirma que placas instaveis
na carétida estdo associadas com microembolismo e podem causar lesdes
com aparéncia de hipersinal da ressonancia magnética, em areas de
substancia branca.

Em humanos, o volume sanguineo cerebral era estimado pelo fluxo da
artéria carotida comum devido a facilidade de acesso da mesma (SCHONING
et al.,, 1994). Até que se notou que o aumento do fluxo na artéria carétida
comum a idade é consequéncia do aumento de fluxo na artéria carétida externa
e nao necessariamente ha um aumento no fluxo sanguineo cerebral, sendo
mais indicada a andlise da artéria carétida interna nesses casos (SCHONING
et al., 1994). Porém a anatomia da ramificacdo da artéria carétida comum em
equinos é variavel (HAYAH, 2012) e mesmo nao sendo o vaso mais indicado, a
artéria carétida comum pode ser utilizada para estimar o fluxo cerebral ou
diagnosticar mudancgas no fluxo (SCHUMUCKER et al., 2000).

Devido a grande proximidade entre a bolsa gutural e os ramos da artéria
carétida comum, sao frequentes casos de placas micéticas que danificam a
artéria carotida interna. Ha ainda casos que a micose de bolsa gutural afeta a
artéria carétida externa. A clinica apresentada nesses casos € epistaxe, a qual
quando nao tratada, resulta na morte de 50% dos animais afetados (HAYAH,
2012).

O conhecimento das medidas desses vasos, bem como caracteristicas
anatébmicas, contribui também para o planejamento cirdrgico dessa regiao
(HAYAH, 2012) e para a melhor escolha do acesso aos vasos da regiao de

cervical.
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ABSTRACT

Studies focusing the evaluation of the normal equine common carotid artery (CCA) are
scanty. Reference values could be used to access the blood supply to the brain and its
correlation with neurological findings. The aims of this study were to obtain reference
values for the common carotid artery intima-media thickness (IMT), resistivity index (RI),
pulsatility index (PI), diameter, and assess how these parameters were influenced by
gender, age and side in American Quarter Horses. 50 American Quarter horses were
submitted to bilateral ultrasonographic evaluation of the CCA with an 18MHz linear
transducer, on the jugular grove of the lower neck. Subjects were divided into 3 groups
according to age (I: <2 years, n=14; II: 3-10 years, n=21; lll: 15-30 years, n=15). 3to 5
measurements of IMT and lumen diameter were performed using at least two different
images of each artery. Mean RI and Pl were obtained by an average of 3 to 5 cardiac
cycles. The RI, Pl, and IMT were influenced only by age, not by gender or side.
However, diameter was influenced by age and side, but not by gender. Diameter was
greater on the right (10.63 £ 1.57 mm) than on the left side (9.90 £ 1.19 mm) in every
age groups and this asymmetry increased with age. This study provides an insight on
how morphological and blood flow CCA parameters are influenced by age, gender and
side. It also provides values that can be used to assist the assessment of blood flow to

the brain.
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INTRODUCTION

Many ultrasonographic studies have been conducted to estimate cerebral blood
flow by of the common carotid artery (CCA) in humans. They demonstrated that
measurements of the internal carotid and cervical arteries were more reliable to
estimate.! However, in horses there are five anatomical variation of the CCA trifurcation
and the internal carotid artery is intimately related to the guttural pouch.? Due to the
easy access and execution of duplex sonography of the CCA, data from this vessel
could be an alternative to determinate stroke volume.® Changes in CCA flow could
suggest changes in blood flow to the brain because the CCA is one of the three arteries
supplying it.*

Intima-media thickness (IMT) and lumen diameter are structural parameters that
have an excellent reproducibility and low variability.> IMT has been associated with age
and blood pressure, and it is commonly used to evaluate cardiac risk in patients.®’
Diameter has also been correlated to blood pressure, weight and size.® Studies have
demonstrated that CCA stenosis or unstable plaques can contribute to white matter
lesion in the brain of humans and rats.® '®'" Resistivity index (RI) and pulsatilily index
(PI) are indirect measurements of blood flow that are independent of insonation angle

and provide information on vessel impedance.'?'3*

High RI values indicate pulsed
waveforms' while Pl is more indicated to measure waveforms that contain negative
velocities."

Although CCA diameter, velocities and Rl in horses have been previously

reported®*, their correlation with age has not been described. The aims of this study

were to obtain reference values for the CCA’s IMT, RI, PI, and diameter in American
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Quarter Horses, and assess how these parameters are influenced by gender, age and

side.

MATERIAL AND METHODS

The sample size for this study was calculated based on a pilot experiment with
10 animals. To estimate the mean CCA diameter in the target population with an
acceptable error of £ 1 mm and a confidence interval of 95%, 5 subjects were
necessary. To estimate IMT with an acceptable error of £ 0.1 mm, 7 animals were
required. This study was approved by and performed according to the Sao Paulo State
University Ethics Committee (process number 100/2014 — CEUA).

Fifty American Quarter Horses with no history of cardiovascular disease were
included in the study. Subjects were divided into groups according to gender and age
(group I: <2 years; group Il: 3-10 years; group Ill: 15-30 years-old).

Bilateral evaluation of the CCA was performed at the level of C5-C6, on the
jugular groove of the horse at rest and without any sedation, in order to avoid
hemodynamic alterations. Examination was conducted using a portable ultrasound
(MyLab 30 Vet, Esaote, Genova, ltaly) and a 18MHz linear transducer (model LA435,
Esaote, Genova, ltaly). All exams were performed by the same observer to minimize
interobserver error. Image acquisition was performed, on average, in three minutes and
measurements were obtained later.

The CCA was identified on a transversal view along with the ipsilateral jugular
vein (Figure 1A). Diameter and IMT were measured on a longitudinal view, where IMT

was defined as the distance between the lumen-intima and the media-adventitia layers,
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as previously described.>” Diameter was defined as the distance between the media-
adventitia of the far and near wall, as already described.® Three to five measurements
of IMT and diameter were performed using at least two different images of each artery
(Figures 1B and 1C).

Pulsed wave Doppler was performed with an incident angle of 45 to 75°, using
angle correction. Sample volume was located in the middle of the vessel and kept at
minimum in order to obtain the fastest flow. Mean Rl and Pl were obtained by use of the
equipment’s software from at least three measurements of the same image.

Statistical analyses were performed using the mean value of the measurements
from each vessel. The variables were examined for normality and no departures from a
normal distribution were observed. Mixed linear models'® were used to compare the
mean diameter (mm), IMT (mm), Rl, and Pl among gender, age and side categories.
Interaction terms between side and age or gender were included in all models to
determine if the difference between sides was similar among age and gender
categories. A compound symmetry covariance structure was used to model the
correlation among repeated measures within the same animal. The Tukey's test was
used to adjust the P-values resulting from multiple comparisons.

Linear regression'® was used to assess the association between age
(explanatory continuous variable) and CCA diameter, IR, IP or IMT (response
variables). Quadratic terms were tested in all models and remained if significant. A
compound symmetry covariance structure was used to model the correlation among
repeated measures within the same animal. All analyses were performed at a

significance level of 0.05.
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RESULTS

The CCA and the ipsilateral jugular vein were easily differentiated because the
jugular vein presented a triangular shape when pressure was applied and the carotid
artery presented pulse (Figure 1A).

Descriptive statistics for the left and right CCA diameter, IMT, Rl and PI for each
group are presented on Table 1. Mean and standard deviation for age, diameter, and
IMT of the right and left CCA are presented in Table 2 for both females and males in
each group. Table 3 presents means and standard deviation of Rl and Pl on each side,
for each gender in each group.

Left CCA diameter increased with age, ranging from 8.71 £ 1.09 mm in group | to
10.72 £ 0.96 mm in group lll. Right CCA diameter was always greater than the left and
the difference between sides increased with age (Table 1 and Figure 2). Right CCA
diameter ranged from 8.92 + 1.24 mm in group | to 11.76 £ 1.07 mm in group Ill. The
difference between left and right diameter was significant (P<0.001) for both groups Il
and lll. The difference in the CCA diameter found between the left and right sides of
animals in group | was not statistically significant (P=0.95). Results also showed that
diameter was highly associated with age (P<0.001), but there was no difference
between genders (P=0.3). Mean CCA diameter was different between groups | and Il
(P<0.001), and groups | and IIl (P<0.001). No difference was observed between groups
Il and Il (P=0.08, Table 1).

The CCA IMT was not associated with gender (P=0.5) or side (P=0.1). Mean IMT

for groups |, Il and Il were 0.90 = 0.15 mm, 1.02 £+ 0.09 mm, and 0.97 + 0.10 mm,
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respectively. Similarly to diameter, IMT increased significantly from group | to Il (P<0.01)
and did not vary between groups Il and Il (P=0.3) or between groups | and 11l (P=0.2).

Mean RI was not different between genders (P=0.3) or sides (P=0.1), but was
different between age categories (P<0.001). Mean Rl was 0.75 £ 0.07, 0.81 + 0.06, and
0.90 = 0.10 for groups |, Il and I, respectively. There was no difference between groups
| and Il (P=0.1), but both the increases observed from group Il to Il and | to Il were
significant (P<0.01, Table 1).

Pl differences were similar to those found for Rl regarding gender (P=0.6), side
(P=0.3) and age (P<0.001). Mean Pl was 1.63 + 0.33, 2.08 £+ 0.46, and 3.20 £ 0.74 for
groups |, Il and lll, respectively. Mean PI increased with age and there were expressive
differences between groups Il and Ill (P<0.001), and groups | and 11l (P<0.001, Table 3).

When age was analyzed as a continuous variable, it was significantly associated
with Rl (linear, P<0.001), PI (linear, P<0.001), and diameter (quadratic, P<0.001)

(Figure 3).

DISCUSSION

The number of subjects used for morphological and flow evaluation was not
similar because clipping was not possible in most animals due to aesthetic reasons.
Some subjects were also restless during examination, which did not allow Doppler
examination.

Total, average time, maximum, and minimum blood flow were not calculated

because they depend on velocities >* and the Doppler angle used in this study was in
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most cases greater than 60°. Since Rl and PI are independent of angle”, only these
flow measures were analyzed.

The difference in the CCA diameter between genders has been inconsistent
among previous studies. Although weight-adjusted CCA diameter has been reported to
be 0.6 mm greater for males when compared to female horses®. And it has been
reported that diameter is smaller in women as compared to men, even after adjustments
for body size.®>'®. Gender was not associated with diameter in the present study,
similarly to results obtained for Labrador dogs.19 This could indicate a difference among
breeds or the influence of sexual hormones, since none of the studies present the
number of animal that were intact, spayed or neutered.

No difference between left and right CCA areas was reported in horses* or
diameter in Labrador dogs.19 However, difference between right and left diameter was
found to increase with age in this study (Figure 2). Right diameter has also been
reported to be slightly greater (6.15 + 0.91 mm) than the left (6.05 £ 0.87 mm) in
women, but authors did not find the same difference in men.® The right diameter was
greater for both genders but this difference was not statically significant for young and
old individuals.'® Older horses (group I1I) might present greater differences between the
left and right diameter because unlike in humans, aging does not result in increased
IMT and decreased diameter due to artherosclerotic risk.”® In addition, mechanical
arterial properties were affected by age while hemodynamics were still preserved.?® In
humans, it is known that the left CCA is a main branch from the aorta while the right
derives from a braquiocephalic trunk'®®° and there might be anatomical variations in

horses, which would lead them to respond differently to aging and mechanical forces. It
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is important to emphasize that the carotid diameter is influenced by blood pressure® and
this variable was not directly assessed in this study.

IMT increased from group | to Il, but not from group Il to lll, which suggests that it
increases as the animal grows, even though, linear regression with age, considered a
continuous variable, was not significant (P=0.29). Unlike humans, IMT did not increase
constantly with age18 because older horses are probably not exposed to the same
atherogenic risk factors. We did not expect to find wall thickening because subjects
were considered healthy and several studies have shown that an increase in the
vessel's wall thickness in humans was associated with cardiovascular risk.® " 2!
However, authors did not find any study on equine IMT to compare results. And unlike a
previous report18 in which the left IMT was greater than the right for both men and
women, left and right IMT were not different in the present study.

In our study, both Rl and PI were only influenced by age, increasing linearly with
age (Figure 3). In contrast, it has been reported in humans that the only age related
hemodynamic parameter was the right CCA RI.%°

Further studies are needed in different breeds in order to elucidate if there are
anatomical differences. Right CCA diameter reported from a population of Saddlebred
horses was 11.9 + 1.5 mm3, which was similar to the values obtained from horses over
15 years old (group Ill) in the present study. Nonetheless, 73% of the animals in that
study were between 2 and 10 years old and would be considered adults (group Il) in our
study. Mean RI for group IIl (0.9 £ 0.10) was similar to that previously reported for a
group of resting warm-blood horses (0.9 + 0.07), with an average of 7+5 years old.*

Another post mortem anatomical study reported that the arterial lumen near the
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trifurcation was 9.9 + 1.2 mm."” Even though authors did not differentiate between left
and right vessels or among breeds, values were within the 95% confidence interval for
the left CCA (9.79 - 10.44 mm) for group |l (adults). There are very few studies on
normal values of equine CCA to allow conclusions if these parameters are only
influenced by age, size or breed.

Morphologic parameters such as diameter and IMT increased from foals to
adults, but did not vary significantly from adults to older horses, suggesting that once
horses reach adulthood (around 3 years old), wall thickness and diameter become
stable (Figure 3). On the other hand, blood flow indexes (Rl and PIl) increased more
significantly from adults (group Il) to elderly horses (group Ill), which indicates that blood
flow in the CCA becomes more resistant as animals become older.

All parameters evaluated in this study varied with age and none was influenced
by gender. The CCA IMT, RI and PI did not differ between sides, but CCA diameter
presented an asymmetry between sides that increased with age. As far as the authors
are concern, this is the first study to evaluate CCA IMT and Pl in horses. Compilation of
reference values regarding this vessel and a better understanding of normal variation

can assist the assessment of the cardiovascular system and blood flow to the brain.
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TABLES

Table 1: Left (L) and right (R) values of diameter (mm), intima-media thickness (IMT)
(mm), resistivity index (RI) and pulsatility index (Pl) of the common carotid artery in
American Quarter horses for each age group (l: <2 years; Il: 3-10 years; lll: 15-30
years). All measurements are indicated with the respective mean, 95% confidence

interval (Cl 95%), standard deviation (SD) and standard error (SE).
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Diameter (mm) IMT (mm) RI PI
Group  Mean (CI 95%) SD SE  Mean (Cl 95%) SD SE  Mean (Cl 95%) SD SE  Mean (Cl 95%) SD  SE
[ 8.71(8.08-9.34) 109 029 0.88(0.79-097° 0.16 0.04 0.73(0.68—0.78° 0.08 0.02 1.58(1.35-1.80 0.38 0.10
Lo 10.11 (9.79 - 10.44)° 072 016 1.01(0.97-1.06° 009 0.02 0.81(0.77-0.85" 0.07 0.02 206(1.77-2.35" 049 0.13
1] 10.72 (10.19-11.25° 0.96 0.25 0.95(0.89-1.01)® 0.11 0.03 0.89(0.83-0.95° 0.09 0.03 3.14(2.61-3.67)° 0.84 0.24
[ 8.92 (8.20-9.63)° 124 033 0.92(0.83-1.00f 0.15 0.04 0.76(0.72-0.80) 0.07 0.02 1.68(1.52—1.85¢ 0.28 0.08
R 10.96 (10.48 — 11.45°  1.06 023 1.03(0.98—1.07° 0.09 0.02 0.80(0.77-0.83° 0.05 0.01 2.10(1.83-2.36 044 0.12
1] 11.76 (11.17-12.36)"  1.07 0.28  0.98 (0.93-1.04 0.10 0.03 0.91(0.85-0.97)° 0.10 0.03 3.26 (2.84—-3.68° 0.66 0.19
333 * Means and standard deviations followed by the same letter in lower case are not different between them.
334
335
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336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

Table 2: Mean and standard deviation of morphometric parameters (diameter and IMT

— intima-media thickness) of the common carotid arteries in American Quarter horses.

Values are displayed according to gender, side and ages groups (I: <2 years; Il: 3-10

years; lll: 15-30 years).

Females Males
I (n=7) Il (n=12) 11 (n=8) I (n=7) Il (n=9) 1 (n=7)
Age (years) 1.36+029  5.67+2.23 17.38%3.25 1.18+0.33  5.15+2.37 21.86+4.81
Diameter (mm)  8.78+0.92**  10.11+0.72"  10.04+0.57"  8.64+1.31" 10.12+0.75"°  11.49+0.68"™
et IMT (mm) 0.94+0.15*  1.02+0.11° 0.94+0.11*  0.82+#0.17°  1.00%0.07° 0.96+0.12%
. Diameter (mm)  8.91+1.08*  11.29+0.93%° 11.06+0.76°® 8.92+1.47" 10.54+1.12°® 12.58+0.75%
o IMT (mm) 0.93£0.10°  1.0420.10° 0.96+0.07®  0.90+0.20°  1.01+0.07° 1.0120.12ab

* Means and standard deviations followed by the same letter in lower case are not

different between groups. Values followed by the same letter in upper case are not

different between sides.
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353 Table 3: Mean and standard deviation for resistivity index (RI) and pulsatility index (PI)
354  of the left and right common carotid arteries in American Quarter horses. Values are
355 displayed according to gender and age groups (I: <2 years; Il: 3-10 years; Ill: 15-30
356  years).
Females Males
I (n=7) I (n=8) I (n=7) | (n=6) Il (n=5) Il (n=5)
Age (years) 1.36+0.29 6.13+2.17 17.71£3.35 1.18+0.33  5.00+2.92  23.40+4.72
RI 0.75:0.09°  0.84+0.06" 0.89+0.12°  0.71x0.07° 0.76+0.06°  0.89+0.06°
et PI 1.61£0.40° 2.25x0.50" 2.14+0.51° 1.55+0.38°  1.76+0.29°  3.700.94°
_ RI 0.78+0.07"  0.81x0.05° 0.90£0.13°  0.75:0.07°  0.78+0.06°  0.930.04°
o PI 1.76£0.33"  2.12#0.35° 3.08+0.75°  1.62#0.23° 2.06x0.60°  3.52+0.48°
357 * Means and standard deviations followed by the same letter in lower case are not different
358  between groups.
359
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FIGURES LEGENDS

Figure 1: A - Sonogram of the left common carotid artery (C) and the ipsilateral jugular
vein (J) on B mode. B — Two diameter measurements on longitudinal view indicated by
crosses. C — Three Intima-media thickness measurements on longitudinal view

indicated by crosses.

Figure 2: Left and right common carotid artery diameter (mm), in American Quarter
horses for each age group. Group | (n=14) was composed of horses under 2 years old,
group Il (n=21) of horses between 3 and 10 years old, and group lll (n=15) of horses
between 15 and 30 years old. Asterisk indicates p<0.05 for the difference between left

and right side on the group.

Figure 3: Linear regression of common carotid arteries measurements by age (years),
with two measurements (left and right side) per horse, in American Quarter horses. Top
left: diameter (mm); Top right: intima-media thickness (IMT) (mm); Bottom left: pulsatility

index (P1); Bottom right: resistivity index (RI).
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a\ Capitulo3



1. CONCLUSOES GERAIS

O diametro, a EIM, IR e IP, da artéria cardétida comum dos equinos,
variaram com a idade. Nenhum dos parametros esta correlacionado com sexo
e apenas o diametro esta associado ao lado.

A média do didametro direito maior que o esquerdo em todos os grupos de
idade, sendo que essa assimetria aumenta com a idade e nao foi significativa
entre potros.

O IR e IP apresentaram aumento linear com a idade, indicando que o fluxo
nesse vaso se torna mais resistente a medida que o animal envelhece.

A EIM variou apenas entre potros e adultos, ndo entre adultos e animais
acima de 15 anos ou entre potros e animais mais velhos.

O estudo contribuiu com a escassa literatura a respeito deste vaso e
forneceu valores que podem ser utilizados como referéncia para futuros
estudos ou para comparagdo com animais sob diferentes circunstancias, tais
como micose de bolsa gutural, afeccbes cardiovasculares ou mesmo em

animais sedados e anestesiados.
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ANEXO

Normas para envio de trabalho para a Veterinary Radiology and Ultrasound,
disponiveis em:

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1740-
8261/homepage/ForAuthors.html

Author Guidelines

Scope and Aims

Veterinary Radiology & Ultrasound is a bimonthly, international, peer-reviewed,
research journal devoted to the fields of veterinary diagnostic imaging and
radiation oncology. It is the official journal of the American College of Veterinary
Radiology, Australasian Association of Veterinary Diagnostic Imaging,
European College of Veterinary Diagnostic Imaging, European Association of
Veterinary Diagnostic Imaging, and International Veterinary Radiology
Association. Veterinary Radiology & Ultrasound is also represented on the

Committee on Publication Ethics.

The mission of Veterinary Radiology & Ultrasound is to serve as a leading
resource for high quality articles that advance scientific knowledge and
standards of clinical practice in the areas of veterinary diagnostic radiology,
computed tomography, magnetic resonance imaging, ultrasonography, nuclear
imaging, radiation oncology, and interventional radiology. Manuscript types
include original investigations, imaging diagnosis reports, review articles,
editorials and letters to the Editor. Acceptance criteria include originality,
significance, scientific quality, reader interest, composition and adherence to

author guidelines.

The time from submission to first decision averages 26 days. Currently papers
are published online with a DOl and Pubmed ID on Wiley-Blackwell’s
“EarlyView” within 60 working days from the date of final edit.

Editorial Policy

In general, Veterinary Radiology & Ultrasound follows the “Recommendations

for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
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Medical Journals” published by the International Committee of Medical Journal

Editors http://www.icmje.org. Veterinary Radiology & Ultrasound also adheres to

the WAME Principles of Transparencyhttp://www.wame.org/News/Details/2 and

Best Practice in Scholarly Publishing

(http://www.wame.org/resources/principles-of-transparency-and-best-practice-

in-scholarly-publishing.) Manuscripts of original research are accepted with the

understanding that they are contributed solely to this journal. Text, figures and
tables must not be under consideration by another publication. We reserve the
right to reject any material submitted for publication, including advertisements.
The Editor and Associate Editors accept no responsibility for opinions
expressed by contributors. Editors reserve the right to introduce changes to
make manuscripts conform to the editorial standards of Veterinary Radiology &
Ultrasound. This journal employs a plagiarism detection system. By submitting a
manuscript to this journal the authors accept that it will be screened for
plagiarism against published works. Authors must state any direct or indirect
financial interest they may have in the subject matter of a submitted manuscript.
Written permission from the publisher (and the author when applicable) is
required to reproduce any previously published figures and tables. Any such
material must be clearly noted and its source given in the manuscript. Authors
must affirm their compliance with NIH guidelines for use of animals or approval
by the appropriate institutional review board or animal care committee for
studies involving animals.

Ethical Considerations

As part of Wiley-Blackwell’s commitment to providing guidance and support to
journal Editors in handling actual or suspected infringements of publication
ethics, Veterinary Radiology & Ultrasound is a member of the Committee on
Publication Ethics (COPE). COPE was founded 10 years ago by a group of
medical journal editors concerned about publication misconduct, e.g.
plagiarism, attempted or actual redundant publication, attempts to pass off
fraudulent data, unethical research, breaches of confidentiality, and so on. The
journal’s membership on COPE sends a signal to authors and reviewers that we
uphold the highest ethical standards, and that journal misconduct, although
highly uncommon, will not be tolerated. Benefits of membership include the

ability to bring cases to the quarterly COPE Forum for advice and to also obtain
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confidential advice on sensitive ethical issues from COPE’s chairman or

officers.

Veterinary Radiology & Ultrasound employs a single-blinded peer review
system for evaluation of manuscripts. Reviewers are charged with maintaining
confidentiality and disclosing conflicts of interest. Authors may designate
preferred or non-preferred reviewers during the manuscript submission process.
Bases for reviewer evaluations and Editor acceptance decisions include the
following criteria:

e Originality, novelty

« Significance, importance

« Scientific quality, hypothesis, experimental design

e Interest for VRU readers

o Composition, clarity, and organization

e Adherence to VRU author guidelines

Manuscript Types

Manuscript subject matter should address important problems in the fields of

veterinary radiology or radiation oncology and manuscript phrasing should
be understandable for a broad international readership. Authors are
encouraged to consult the Editor-in-Chief before submission if they have any
questions.

General types of manuscripts: authors will be asked to select one of the

following manuscript types during the upload process

e Original investigation: Advances knowledge through investigation of new
(prospective) or archived (retrospective) material.

« Review article: Invited report reviewing the literature on a timely and
important topic. Prior approval by the Editor required.

e Imaging diagnosis: Short case report describing novel imaging and
correlative pathologic findings in an individual patient (Abstract less than
100 words, 4 or fewer illustrations). Maximum of two published per issue.

o Editorial: Commentary by member of the editorial board.

o Letter to the Editor: Letters from readers commenting on any aspect of

journal material or policy.
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Preferred manuscript characteristics:

» compares affected and control populations

« compares imaging characteristics with an appropriate “gold” or reference
standard

» answers a specific question or introduces a new discovery

* provides important mechanistic insights, illuminates a novel principle or
challenges a conventional dogma

* tests hypotheses using large numbers of cases and robust statistical
power, ex. multi-institutional study

« validates new technological advancements or clinical applications

* compares accuracy, repeatability, reliability and/or diagnostic
sensitivity of two or more imaging or interventional methods

« tests effects of technical parameters or training on observer performance
« tests effects of pedagogy techniques on veterinary radiology or radiation
oncology student performance

« tests efficacy of interventional radiology or radiation oncology treatments

Manuscript Preparation
Click below for Word document template versions of manuscript preparation
instructions.

Original Investigations

Imaging Diagnosis

» Careful adherence to author guidelines increases the likelihood of
acceptance and minimizes editorial turnaround time. Papers not in accordance
with author guidelines may be returned to the corresponding author for
correction before peer review.

* Manuscripts must be written in standard scientific English language. Wiley
offers an English Language Editing Service for authors who would like
assistance with this. Visit our site to learn about the options. Please note that
using the Wiley English Language Editing Service does not guarantee that your
paper will be accepted by this journal.

» Manuscripts should be checked for spelling and grammar errors prior to

submission. Papers with multiple spelling and grammar errors may be returned
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for correction before peer review.

* Anatomic terminology should conform to the most recent version of Nomina
Anatomica Veterinaria.

* Names of equipment, software, medications, products, etc. must be
followed by the name, city and state of the manufacturer in parentheses. The
use of generic names is preferred to the use of brand names or trademarked
names.

* All units of measurement should be listed in Systéme International (Sl) units.
Non-SI units may be used after the Sl units but should be placed in
parentheses.

* Use of non-standard abbreviations (i.e. other than those commonly used for
imaging modalities or measurement units) is discouraged. Terms should be
spelled out in full in the manuscript title, throughout the body of the paper, and
in the titles of tables. Abbreviated terms within tables or figures should be
defined.

* Prepare the manuscript as a single document in the following order using
a Microsoft Word compatible word processing program. The manuscript
must be double-spaced using font size 12 with a 1” margin all over. Number
each page, starting with title page. Number each line continuously throughout
the document and do not restart line numbering with each page. Do not embed
figures in the manuscript document.

. Title page

. Abstract

. Text (main body)

. Acknowledgments

. References

. Tables

. Figure captions

0 N O a0k~ WODN -

. Appendix
Components to be included in the Main Manuscript Document: (Ref:
“‘Recommendations for the Conduct, Reporting, Editing, and Publication of

Scholarly Work in Medical Journals”,http://www.icmje.org; and “STROBE

checklists for cohort, case control, and cross-sectional

studies” http://www.strobe-statement.org/index.php?id=available-checklists)
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1. Title Page:

* Title: The title should accurately reflect the study design and subject of the
paper. Authors should include all information in the title that will make electronic
retrieval of the article both sensitive and specific. Capitalize each word in the
title (title case).

» Authors: Include the first name (no initials), middle name or initial(s)
(optional), last name of all authors. Do not list academic degrees or specialty
board certification. First authors who are students or residents-in-training should
list their four mentoring author as the corresponding author for the paper All
listed authors should meet the following four criteria. Other contributors to
the paper should be listed in the acknowledgments.

1) Substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data for the work; AND

2) Drafting the work or revising it critically for important intellectual content; AND
3) Final approval of the version to be published; AND

4) Agreement to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

* Key words: List up to 5 key words that will help other researchers or
practitioners find your paper when they use electronic database searches.

* Running Head: Specify a running head (maximum 45 characters) that
condenses the subject of the paper. This will be printed at the top of each
published page.

* Funding sources: Specify all funding sources (grants or institutional or
corporate support).

* Previous presentations or abstracts: Specify the meeting, if any, at which

portions of the paper were presented.

2. Abstract:

* The abstract should contain < 250 words (100 words for Imaging Diagnosis
submissions), and should not be broken down into subheadings.

» The abstract should state the importance of the problem being addressed, the

study’s purpose, basic procedures (selection of study subjects, observational
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and analytical methods), most important findings (giving specific effect sizes
and their statistical significance, if possible), and most important conclusions.
* The abstract should emphasize new and important aspects of the study or
observations.

» Because abstracts are the only substantive portion of the article indexed in
many electronic databases, and the only portion many readers read, authors

need to be careful that they accurately reflect the content of the article.

3a. Text, Original investigations and Retrospective studies:
Introduction: The introduction section should be concise ( 3 paragraphs) and
orient the reader to the problem being addressed by the study

* Describe the nature of the problem and its importance.

» State the specific purpose(s) or research objective(s) of, or hypothesis(es)
tested by, the study.

* Avoid lengthy literature reviews. Provide only findings from the most directly
pertinent references.

* Do not include data or conclusions from the work being reported.

Methods: The Methods section should include only information that was
available at the time the plan or protocol for the study was being written; all

information obtained during the study belongs in the Results section.

» Selection and Description of Subjects: State whether the study was
approved by and conducted in accordance with an Institutional Animal Care and
Use Committee. Describe your selection of the study participants clearly,
including eligibility and exclusion criteria. Describe the source population and
define how decisions were made. Other descriptions should be put into the
results section.

* Technical Information: Include descriptions of imaging techniques in the
Methods section if they were among the criteria for inclusion in the study. If not,
put this information into the results section. Identify the methods, apparatus
(give the manufacturer’'s name and address in parentheses), and procedures in
sufficient detail to allow others to reproduce the results (specific guidelines

developed by the Diagnostic Imaging Service, Faculty of Veterinary Medicine,
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University of Montreal are listed for each modality below). Use citations to
reference established methods, including statistical methods (see below);
provide references and brief descriptions for methods that have been published
but are not well-known; describe new or substantially modified methods, give
the reasons for using them, and evaluate their limitations. Identify precisely all
drugs and chemicals used, including generic name(s), dose(s), and route(s) of

administration.

Radiography

- Image receptor type: film-screen, computed radiography, digital radiography.
- Film:

» System speed and single vs double emulsion

- For digital/computed radiography:

 Brand of imaging plate (IP) and reader (if applicable)

- Technique (where applicable):

* kVp, mA, time

- Projections: correctly name each radiographic projection, using the
terminology in Smallwood et al., Vet Rad and Ultrasound, 1985:26(1):2-9.

- For contrast studies:

* Correctly name study type

* Medium used (generic and brand names [city and country of fabrication]),
concentration and dose, specify dilution (if applicable)

* Route of administration

* Time delay between administration and image acquisition

Ultrasound

- System brand (name, city and country of fabrication)

- Probe: * Array (linear, convex, etc) « Type (mechanical vs electronic) ¢
Frequency or frequency range (if broad bandwidth)

- Mode (B, M, A, Doppler [subtype: color, spectral, power, continuous, or other])
- Probe positioning/image plane (transverse, longitudinal, specific oblique,
etc...), using the terminology in Nyland and Mattoon, Small Animal Diagnostic

Ultrasound, Chapter 1: Physical Principles, Instrumentation, and Safety of
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Diagnostic Ultrasound.

- For contrast and harmonic studies:

* Mechanical index

» Contrast medium, dose, rate of injection, time delay between administration

and image acquisition

Scintigraphy

- System brand (name, city and country of fabrication)
- Image field of view and matrix dimensions

- Camera position(s) relative to the patient (views)

- Collimator type

- Radiopharmaceutical:

» Generic name

* Dose (in MBq)

* Route of injection

- Time delay between injection and image acquisition
- For static studies:

+ Duration of acquisition or number of acquired counts (range)
» Specify whether or not motion correction was used

- For dynamic studies:

* Number of frames per second

* Frame duration

* Total study duration or number of acquired images

Computed Tomography

- System brand (name, city and country of fabrication)

- Detector type: single-slice vs multislice (and number of detector arrays)
- Type of acquisition: helical vs axial

- Section collimation thickness

- Image reconstruction interval or index

- Pitch (if helical)

- Technique:

* Tube rotation time, mA, kVp

- Image field of view and matrix dimensions
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- Reconstruction algorithm(s): Bone, soft tissue, standard, etc.

- Window width and level if these were standardized for evaluation, or mention if
evaluators could adjust these at will.

- Use of multi-planar and three-dimensional reformatting (if applicable)

- For contrast-enhanced studies:

* Medium used (generic and brand names [city and country of fabrication])

» Dose and concentration of iodine per ml

* Route of administration

* Rate of delivery and specify whether or not a pressure injector was used
(including brand name [city and country of fabrication])

* Time delay (s) between administration and image acquisition (s)

Magnetic Resonance Imaging

- System brand (name, city and country of fabrication)

- Strength of magnetic field

- Type of coil For each sequence used:

» Generic sequence name (i.e. SE, FSE, GRE, SPGR, FLAIR, STIR, etc...) and
manufacturer specific name if necessary

* Image weighting

* Plane of acquisition

» 2D vs 3D acquisition

* Echo time (TE)

* Repetition time (TR)

* Inversion time (TI)

* Flip angle for gradient sequences

* Number of acquisitions (NEX)

» Slice thickness and interslice gap

* Field of view and matrix dimensions

* Imaging options, if applicable: saturation (fat or water), magnetization transfer,
parallel imaging, etc...

- For contrast-enhanced studies:

* Medium used (generic and brand names [city and country of fabrication])
* Dose and route of administration

* Rate of delivery and specify whether or not a pressure injector was used
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(including brand name [city and country of fabrication])
* Time delay (s) between administration and image acquisition (s)
- Describe particular parameters for special studies (MRA, Diffusion, EPI,

spectroscopy, etc.)

» Data recorded: Specify methods used for locating, selecting, extracting, and
synthesizing data. These methods should also be summarized in the abstract.
Specify how many observers were involved in data recording and how they
were selected. Specify whether decisions were based on independent or
consensus opinions. Specify what information observers were or were not

aware of at the time of data recording. Define criteria used for making decisions.

« Statistics: Specify who selected and completed statistical tests. Specify the
software used for analyses. Describe statistical methods with enough detail to
enable a knowledgeable reader with access to the original data to verify the
reported results. When possible, quantify findings and present them with
appropriate indicators of measurement error or uncertainty (such as confidence
intervals). Specify P value used for determining statistical significance.
References for the design of the study and statistical methods should be to
standard works when possible (with pages stated). Define statistical terms,

abbreviations, and most symbols.

* Results: Present results in a logical sequence in the text, tables, and
illustrations, giving the main or most important findings first. Do not repeat all
the data in the tables or illustrations in the text; emphasize or summarize only
the most important observations. Extra or supplementary materials and
technical detail can be placed in an appendix where they will be accessible but
will not interrupt the flow of the text, or they can be published solely in the
electronic version of the journal. When data are summarized in the Results
section, give numeric results not only as derivatives (for example, percentages)
but also as the absolute numbers from which the derivatives were calculated,
and specify the statistical methods used to derive findings. Restrict tables and
figures to those needed to explain the argument of the paper and to assess

supporting data. Use graphs as an alternative to tables with many entries; do
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not duplicate data in graphs and tables. Avoid nontechnical uses of technical

terms in statistics, such as “random” (which implies a randomizing device),

“normal,” “significant,” “correlations,” and “sample.” Where scientifically
appropriate, analyses of the data by such variables as age and sex should be

included.

* Discussion: Emphasize the new and important aspects of the study and the
conclusions that follow from them. Do not repeat in detail data or other
information given in the Introduction or the Results section. Do not include new
results in this section that were not reported in the results section. For
experimental studies, begin the discussion by briefly summarizing the main
findings, then exploring possible mechanisms or explanations for these findings.
Compare and contrast the results with other relevant studies, state the
limitations of the study, and recommend future research. Link the conclusions
with the goals of the study but avoid unqualified statements and conclusions not
adequately supported by the data. Avoid alluding to work that has not been

completed or published. Avoid lengthy literature reviews.

3b. Text, Imaging Diagnosis studies

« Signalment, history, and clinical findings: Specify age, breed, gender and
species of patient. Specify the reason the patient was presented for imaging
and key findings from clinical examinations.

* Imaging, diagnosis and outcome: Describe the imaging procedure, including
technical parameters and equipment used. Describe the imaging findings.
Describe the final diagnosis based on pathologic correlation. Describe follow-up
outcome information.

* Discussion: Emphasize the new and important aspects of the case and the
conclusions that are supported by findings. Explain how imaging findings
contributed to case management. Compare findings with previous publications.

Do not repeat in detail data or other information given in previous sections.

4. Acknowledgments
» List contributors to the paper who did not meet the criteria for authorship.

Examples of those who might be acknowledged include clinicians/pathologists
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doing their usual duties; observers in multi-observer studies; a person who
provided purely technical help, writing assistance, statistical analyses; or a
department chairperson who provided only general support.

* Financial and material support should also be acknowledged.

* Acknowledge only persons who have made substantive contributions to the
study.

* Authors should obtain written permission from everyone acknowledged by
name because readers may infer their endorsement of the data and
conclusions. The journal accepts no responsibility for individuals acknowledged

without their permission.

5. References

» Should be cited in consecutive numeric order at first mention in the text and
designated by superscript number. Superscript numbers should be placed after
the punctuation marks.

* Do not include the name of the author of a citation when referring to that work
in the text, e.g. In 2009, Smith found.

* Reference style should be based on an ANSI standard style adapted by the
National Library of Medicine. For samples of reference citation formats, authors

should consult the National Library of Medicine web

site http://www.nlm.nih.gov/bsd/uniform requirements.html.

» Titles of journals should be abbreviated according to the style used in Index
Medicus. Consult the following web site for a list of journals

indexed: http://www.nlm.nih.gov/tsd/serials/lji.html

” 13 LI 11

* “Unpublished observations”, “unpublished data”, “article in preparation or
submitted”, “personal communications” should not be used as references. °
References listed as “in press” must have been accepted for publication.

* The author is responsible for the accuracy of all references and must verify

them against the original document.

6. Tables
* Tables that concisely summarize data are encouraged. Detailed tables
enumerating specific individual patient criteria or findings are discouraged.

These clinical data are more useful when summarized and placed into the text.
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» Number all tables consecutively with Arabic numbers in order of appearance
and insert a citation for each table at the most relevant location in the text
section of the main document. Ex. (Table 1).

* Type each table double-spaced and insert page or section breaks between
tables.

* Table titles should have the first letter of each word as upper case (except
prepositions, conjunctions and articles). Every table must have a title typed
above the tabular material.

» Symbols for units should be used in column headings, not in the title.

* Do not use internal horizontal or vertical lines; place horizontal lines between
table caption and column headings, under column headings, and at the bottom
of the table (above the footnotes, if any).

* Place explanatory matter in footnotes, not in the heading.

* Indicate normal range for instruments or scales.

« All abbreviations must be spelled out in footnotes. Use the following symbols

in this sequence for footnotes: *,1,1,8,||.9.#,**.

7. Figure legends

* Figure legends must be included as part of the main word document; do not
submit figure legends as a separate word document. Type or print out legends
for illustrations using double spacing, starting on a separate page, with Arabic
numerals corresponding to the illustrations.

» Copy and paste the figure legend into the text box provided when the image is
uploaded so that it will also be displayed under the image in the final pdf
document.

* When symbols, arrows, numbers, or letters are used to identify parts of the
illustrations, identify and explain each one clearly in the legend.

* Define any abbreviations used in figures or figure legends.

* Explain the internal scale and identify the method of staining in
photomicrographs.

* Provide key technical and image acquisition parameters in the legend. (see
details in the method guidelines above)

» Radiographic images should be named according to the direction in which the

central ray penetrates the part of interest, from point-of-entrance to point-of-exit.
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* For CT and MR images, the following guidelines should be used for image
orientation:

o Head and Spine

* sagittal plane: cranial (rostral) to left, dorsal at top

* transverse plane: dorsal at top, left to reader's right

* dorsal plane: cranial (rostral) at top, left to reader's right

o Thorax and Abdomen: Display images as they were acquired.

8. Appendix

» When essential for the understanding of the study, detailed information such
as mathematical derivations, statistical analyses, and procedural descriptions
may be presented in one or more appendices.

* Include in the appropriate section of the text (e.g., Materials and Methods,
Results) a brief summary of the information contained in the Appendix and
make reference to the corresponding Appendix in numerical order. Ex.

Appendix 1

Figures

* A figure legend must be provided for each figure and inserted into the main
document (see above).

* All patient identification information (name, medical record number, etc.) must
be removed, blocked or masked in each figure.

* Number all figures consecutively with Arabic numbers in order of appearance
and insert a citation for each figure at the most relevant location in the text
section of the main document. Ex. (Fig. 1). If figures are divided into
components, insert a citation for each component at the relevant location in the
text. Ex. (Fig. 1A)

* Figures must be submitted as separate individual files in non-compressed
tiff, high resolution EPS or .png format. Image figures must be at

a resolution of 300 dpi. Image files should be created from original DICOM
format files rather than converted from compressed jpg files. Graph or line
drawing figures must be at a resolution of 600 dpi.

o A single column figure will appear at a width of 3.34 inches and a double

column illustrationwill appear with a width of 6.84 inches. Generally, figures
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are printed using single-column width. Authors should keep this size in mind
and use cropping where possible to emphasize the main point for each figure.

* Color figures can be included in printed versions of Veterinary Radiology &
Ultrasound at an additional fee specified by Wiley-Blackwell Publishing. This fee
is charged over and above the per page publishing fee. On-line color
reproductions are offered at no additional charge. Authors are asked to provide
specific details regarding the use of color figures during manuscript submission.
» Authors may submit up to 2 video figures for a manuscript. Video files must
clearly show a dynamic condition that cannot be adequately captured in still
images. Video files must be submitted in MPEG-4 or Quicktime format and
each file must be less than 5MB in size. The video files will accompany the
online version of the manuscript only and a hyperlink reference for the video file
will be provided in the print version of the paper. Video files will

be downloadable from the Wiley Online Library.

“Early View” Publication of Manuscripts

Veterinary Radiology & Ultrasound participates in Wiley-Blackwell’s “Early View”
program. EarlyView articles are complete full-text articles published online in
advance of their publication in the printed issue. Proofs of accepted manuscripts
will be sent from the publisher to authors for final approval, as they are
prepared. As usual, only errors may be corrected at the proof stage. Once the
paper is finalized it is published online, and at that point the article is fully
published and no further changes can be made. When it is time to collate an
issue, selected Early View articles will be paginated and published in print and
in the issue table of contents online. If there is an error in a paper published in
Early View it would need to be corrected with an erratum, just as if it had been

published in a hard copy issue.
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