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Amag: Bu ¢alismanin amaci, kedide her iki cinsiyete ait cir-
culus arteriosus’u olusturan yapilarin tanimlanmasidir.

Gere¢ ve Yontem: Calisma, burun-sakrum uzunlugu sira-
s1ile 47.9 cm ve 46.6 cm olan 25 erkek ve 25 disi yetigkin
kedi kadavrasi lizerinde gergeklestirildi. Kediler sag lateral
tarafa yatirildi, torakal ensizyon ile 6. ve 7. torakal kosta-
lar uzaklastirilarak aortanin torakal boliimii kaniile edildi.
Kediler %10 formol soliisyonu ile tespit edilip boyal latex
soliisyonu enjekte edildikten sonra craniumlar agildi ve be-
yin diseke edilerek circulus arteriosus’un yapisi tanimlandi.

Bulgular: Beyinin tabaninda yer alan arterler, arteria caro-
tis ve vertebral-basillar sistemden kdken alan ve beyinin ar-
teriel vaskularizasyonundan sorumlu olan arterlerdi. Circu-
lus arteriosus’un rostral boliiminiin, arteria communicans
rostralis’in varligi durumunda hayvanlarin % 46’sinda bu
arter tarafindan kapatildigl, arka boélimiiniin ise hayvanla-
rin tamaminda kapali oldugu tespit edildi.

Oneri: Encephalon’un basal yiiziiniin kan damarlarinm
muhtemel varyasyonlarini, dagilimini ve yerlesimini incele-
yen c¢alismalar, evcil memeli hayvanlarda klinik ve cerrahi
yaklasimlarin gelisimine katki saglayacaktir.

Abstract

Gomes MS, Dias GP, Silva MPSS, Santos CM, Abidu-
Figueiredo M. Circulus arteriosus formation in cat brain.
Eurasian J Vet Sci, 2012, 28, 4, 204-208

Aim: The aim of this study was to describe the formation
of the circulus arteriosus of the brain in cats of both sexes.

Materials and Methods: Anatomical dissections were per-
formed on 50 cadavers of adult cats, 25 males and 25 fe-
males, with a medium rostrum-sacral length of 47.9 cm and
46.6 cm respectively. Cats were positioned in right lateral
recumbency and a thoracic incision was performed to re-
move the 6% and 7" ribs to cannulate the thoracic portion
of the aorta. After fixed with a 10% formaldehyde solution
and injected with latex solution stained with pigment, the
cats went through craniotomy and dissection of the brain to
identify the formation of the circulus arteriosus.

Results: The arteries of the base of the brain were depen-
dent of the carotid and vertebral-basilar systems, which
were responsible for the brain arterial circuit formation.
The brain circuit was rostrally closed by the presence of the
rostral communicating artery in 46% of the animals and
caudally closed in 100%.

Conclusions: Studies that clarify the organization, distribu-
tion and possible variations of the blood vessels of the en-
cephalon base, certainly will contribute for the advance in
the clinical-surgical boarding in domestic animals.
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» Introduction

The disorders that affect the central nervous system
(CNS) represent an important parcel of the diseases
observed in the clinical-surgical practice of domestic
animals, and are responsible for a great amount of
deaths and sequels. Several are the pathological pro-
cesses that affect the cerebral blood vessels such as
embolisms, hemorrhages and thrombosis. As result of
these events we find a deficiency in irrigation and the
consequent injury (Meneses 2006). Therefore, stud-
ies that clarify the organization, distribution and pos-
sible variations of the blood vessels of the encephalon
base, certainly will contribute for the advance in the
clinical-surgical approach in domestic animals.

The base of the brain is frequently the headquarters
of several nosological processes that require surgi-
cal or invasive neuroradiologic intervention, thus, re-
searches become significant in this area, influencing
the indices of mortality and morbidity. The surgical
boarding of this region not only requires a perfect an-
atomical knowledge of the habitual morphology, but
also of the variations of the diverse structures that
are found in there. Based on that fact, many authors
have dedicated great attention to the morphology of
the cerebral vascularization and, in particular, the
morphology of the circulus arteriosus in diverse sur-
gical contexts, normally, in tumors of the brain base.
In recent years, great advances in diagnostic imaging
techniques were observed. Those techniques are used
to investigate the structures of the central nervous
system, improving this way, the prognostic and treat-
ment of different pathologies (Quinones-Hinojosa et
al 2006, Szeifert etal 2007). As result to that, the diag-
nose to many diseases of the nervous system became
more frequent and precise, allowing many advances
in the biomedical research, providing safe and mini-
mally invasive treatments (Kano et al 2009, Simon
and Schramm 2009).

In 1664, Thomas Willis was the first one to anatomi-
cally describe in human beings, the so-called cerebral
arterial circle (Mc Donald and Poter 1951, Young and
Young 1998), also known in the specific literature as
polygon of Willis and circle of Willis. The polygon of
Willis denomination was presented by Cambier et al
(1999), the circle of Willis term by De Vriese (1905),
the cerebral arterial circle denomination by Schaller
(1999), while Alcantara and Prada (1996a) adopted
in their works the term arterial circuit of the encepha-
lon. The circulus arteriosus is composed by the basi-
lar and carotid arteries, in different percentages of
participation.

The aim of this study was to describe the encephalic
circulus arteriosus formation in cats of both genders
and thereby provide knowledge the studies of neuro-
image and neurosurgery.
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» Materials and Methods

All the used cadavers were yielded to the Animal Anat-
omy Area (Biology Department) of the UFRR]-Feder-
al Rural University of Rio de Janeiro, congealed and
stored in freezers since they were received. Fifty adult
cats (without defined breed) were used: 25 males and
25 females. Initially the cadavers were defrosted in
flowing water and identified by placing numbered
plastic tags attached with a string to the calcaneal ten-
don of the animals. The rostrum-sacral length of each
animal was measured with a precision measuring
tape, from the extremity of the snout to the insertion
of the tail. The cadavers were positioned in right lat-
eral recumbency and then an incision between the 6%
and 10% intercostal spaces was performed to access
the thoracic portion of the aorta. The artery was can-
nulated with a urethral catheter (number eight or ten,
according to the artery diameter) fixed with a string
to prevent extravasation and to keep the intravascu-
lar pressure. The fixation was made by injecting 10 %
formaldehyde solution (variable volume in function
of the cadaver weight), through the catheter in cranial
direction. Immediately after the fixation of the cadav-
ers, a colored solution of Petrolatex S65 was injected,
to fill all the arterial system. After that, the cadavers
were immersed in low density polyethylene boxes
with 500 liters of capacity, containing 10 % formalde-
hyde solution, used to finish the fixation process and
the latex polymerization. Seven days after the latex
injection, the cadavers were washed in flowing water
and dissected. This experiment is part of the project
titled - Vascular anatomy in the cat: study destined to
the surgical and experimental practices, and to the di-
agnostic imaging. Submitted and approved by the eth-
ics and research committee of the UFRR], under the
process number 23083.005334/2009-49.

The mean and the standard deviation of the animal
length were calculated. These measures were com-
pared between the genders using the unpaired t-test,
considering p<0.05 as significant. In order to verify
if the distribution of observed frequencies for the 50
examined animals was consistent with literature, the
chi-square test was applied, considering the 5% sig-
nificance level to test if the nullity hypothesis is true,
regarding the shape of the rostral cerebral artery and
the presence of the rostral communicant artery. All
the data was processed in the Graphpad Prism® soft-
ware.

» Results

The rostrum-sacral length was 50.66+3.83 on males
and 46.88+4.22 (p<0.0019) on females. The general
arrangement of the arteries of the encephalon base
in both genders, depended of the carotid and verte-
brobasilar systems, and was established from blood
vessels, which through its divisions, varied in number
and disposition, expressing different structural and
functional meanings. The disposal and the arrange-
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ment presented by the arteries of the encephalon
base of the cats characterized the circulus arteriosus
of the encephalon, which was observed surrounding
the mamillary body, interpeduncular fossa, tuber ci-
nereum, hypophysis and the optic chiasm. The circu-
lus arteriosus extends itself from the pons to the ros-
tral portion of the optic chiasm (Figure 1).

Figure 1. Photomacrography showing a general view of the circulus
arteriosus cerebri in cats (RC: Rostral cerebral artery, MC: Middle
cerebral artery, RBIC: Rostral branch of the internal carotid artery,
CBIC: Caudal branch of the internal carotid artery, TBB: Terminal
branch of the basilar artery, BA: Basilar artery).

The caudal branches of the internal carotid artery of
the encephalon, in both antimeres, originated from
the homonymous arteries, were caudally directed,
and finished after the caudal cerebral arteries emer-
gence, promoting their anastomosis in the ventral
surface of the cerebral peduncles with the respective
terminals branches of the basilar artery, that present-
ed themselves in the form of two half circles in the
right and left hemisphere.

The rostral branches of the internal carotid artery in
its progression originated the right and left middle
cerebral artery. The rostral branches of the internal
carotid artery were linked by the rostral commu-
nicant artery in 16 males (64%) and in 17 females
(68%) (Figure 2). The circulus arteriosus of the brain
was rostrally open in nine and caudally closed in all
the dissected males. In females, it was presented ros-
trally open in eight animals and caudally closed in all
the dissected females. In both genders, in none of the
samples, the circulus arteriosus was similar to a geo-
metric figure.

The right and left middle cerebral arteries heading to-
ward the rostral portion of encephalon originated the
right and left rostral cerebral arteries. In eight males
(32%), right and left rostral cerebral arteries crossed
themselves, and in 17 males (68%) they were in rec-
tilinear form. In 15 females (60%) the right and left
rostral cerebral arteries crossed themselves and in 10
females (40%) they had rectilinear form, configuring
in both cases the arterious circle of the cat encepha-
lon.
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» Discussion

The circulus arteriosus of the brain in domestic and
wild animals can be used to create models that simu-
late man, with the purpose to conduct different exper-
iments. This way, the detailed comparative morpho-
logic study of these blood vessels becomes essential

Figure 2. Photomacrography showing the rostral portion of the cir-
culus arteriosus cerebri in cats (RC: Rostral cerebral artery, MC: Mid-
dle cerebral artery, RCM: Rostral communicant artery, RBIC: Rostral
branch of the internal carotid artery).

and relevant. Studies of the circulus arteriosus of the
encephalon base in different species demonstrated
many variations. Nazer and Campos (2011) in os-
trich (Struthio camelus) observed that it appeared
rostrally open in 100% and caudally opened in 80%
of cases. Almeida and Campos (2011), in the broad-
snouted caiman (Caiman latirostris), verified that
this was exclusively dependent of the carotid system,
and presented itself rostrally and caudally closed in
all the studied specimens, similar to the results ob-
tained by Azambuja (2007) studying nutria (Myocas-
tor coypus), although the circuit in these animals was
supplied exclusively by the vertebrobasilar system.
In the present inquiry, the circuit was dependent of
the carotid and vertebrobasilar systems, similar to
the observed by Lima et al (2006) in cats (Felis catus
domesticus), presenting itself rostrally closed in 46%
of the animals due to the presence of the rostral com-
municant artery, and caudally closed in 100%.

The swine (Sus scrofa domesticus) circulus arterio-
sus is rostrally closed because of the presence of the
rostral communicant artery in 100% of the cases and
caudally by the presence of the right and left termi-
nal branches of the basilar artery (Ferreira and Prada
2005), similar to the observed in the wild boar (Sus
scrofa scrofa) (Oliveira and Campos 2005), and differ-
ently from the observed in the present inquiry.

Lima et al (2006) observed in cats that the circuit was
rostrally closed by the presence of the rostral commu-
nicant artery in 60% of the cases and caudally closed
by the presence of the caudal branches of the carotid
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arteries and terminal branches of the basilar artery in
all the samples, similar to the observed in the present
research.

Ocal et al (1999) concluded that the circulus arterio-
sus in camel (Camelus dromedarius) had its sanguin-
eous supply derived from the carotid artery, in each
antimer; by the basilar artery and the caudal commu-
nicant artery which was originated from the rostral
epidural rete mirabile. In cats of this study, although
the similarities of the circuit formation (carotid and
basilar artery), the formation of the caudal commu-
nicant artery was not observed, unlike what was seen
in camels.

Araujo and Campos (2005) related that the sanguin-
eous irrigation of the chinchilla (Chinchilla lanigera)
encephalon was formed by the vertebrobasilar sys-
tem and in smaller proportions by the left internal
carotid artery or by the vertebrobasilar system, with
contribution of the left internal carotid artery. In
capybara (Hydrochoerus hydrochaeris), Reckziegel
et al (2001) found that sanguineous irrigation of the
encephalon depends only of the vertebrobasilar sys-
tem, partially corroborating with the results obtained
by this study in cats, where besides the involvement
of the vertebrobasilar system, the involvement of the
carotid system was also observed.

In the circulus arteriosus of the red squirrel (Sciurus
vulgaris), the internal carotid artery did not contrib-
ute for its sanguine supplement, which is done by the
basilar artery (Aydin 2008). Similar morphologic ar-
rangement was observed by Aydin et al (2009) in the
ground squirrel (Spermophilus citellus) and by Aydin
et al (2005) in the porcupine (Hystrix cristata). Our
results showed that not only the basilar artery has
participation, but also the carotid artery.

According to Lima et al (2006), the circulus arteriosus
extends itself from the pons to the optic chiasm ros-
trally, being represented by the right and left carotid
artery through their rostral and caudal branches, and
also by the terminal branches in both antimeres, be-
sides the basilar artery, corroborating with the results
of the present inquiry.

In relation to the form of the circulus arteriosus, Lima
et al (2006) report that the arrangement of the ros-
tral branches remembers an ellipsoid figure, arranged
transversely in relation to the encephalon base, dif-
ferently of the results observed for the same species
in this research, where the circulus arteriosus did not
present any similar configuration to a geometric form.
However, in relation to the rostral cerebral artery, the
rectilinear form predominated in the males and the
crossed shape in the females.

In mammals, the variations of the brain base arteries
can be explained by the influence of genetic and en-
vironmental factors (Wiland 1974). According to this
author, the variation does not mean to exceed some
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limits defined by the phylogenetic development of the
systematic group of mammals.

» Conclusion

The results of this inquiry showed that the circulus
arteriosus of the cat depends on the carotid and ver-
tebrobasilar systems. There was a predominance of
the rectilinear form of the rostral cerebral artery in
males and the crossed shape in females, although the
presence of the rostral communicant artery was inde-
pendent of the gender.

» Acknowledgements

This study was part of a research supported by the
Council for Improvement of Graduated Students
(CAPES).

» References

Alcantara MA, Prada ILS, 1996a. Arterias da base do ence-
falo de caes (Canis familiaris, Linnaeus, 1758). I. Estudo
anatomico de suas origens e comportamento. Braz ] Vet
Res Anim Sci, 33, 67-71.

Almeida L, Campos RA, 2011. Systematic study of the brain
base arteries in broad-snouted caiman (Caiman latiro-
stris). ] Morphol Sci, 28, 62-68.

Araujo ACP, Campos RA, 2005. Systematic study of the brain
base arteries and their blood supply sources in the chin-
chilla (Chinchilla lanigera-Molina 1782). Braz ] Morphol
Sci, 22,221-32.

Aydin, A, 2008. The morphology of circulus arteriosus cer-
ebri in the red squirrel (Sciurus vulgaris) Veterinarni
Medicina, 53, 272-276.

Aydin A, Ozkan ZE, Yilmaz S, llgun R, 2009. The morphology
of the circulus arteriosus cerebri in the ground squirrel
(Spermophilus citellus). Vet Med, 54, 537-542.

Aydin A, Yilmaz S, Dinc G, Ozdemir D, Karan M, 2005. The
morphology of circulus arteriosus cerebri in the porcu-
pine (Hystrix cristata). Vet Med, 50, 131-135.

Azambuja RC, 2007. Sistematizagao das arterias da base do
encefalo e suas fontes de suprimento sangiiineo em nu-
tria (Myocastor coypus). Acta Sci Vet, 35, 277-278.

Cambier ], Masson M, Dehen H, 1999. Manual de neurologia,
9th edition, Rio de janeiro-R], Medsi, Brazil, pp:558

De Vriese B, 1905. mSur la signification morphologique des
arteres cerebrales. Arch Biol, 21, 357-457.

Ferreira CG, Prada ILS, 2005. O circuito arterial da base do
encefalo em suinos (Sus scrofa domesticus Linnaeus,
1758), formacao e comportamento. Braz ] Vet Res Anim
Sci, 42, 53-60.

Kano H, Niranjan A, Khan A, Flickinger JC, Kondziolka D,
Lieberman F, Lunsford LD, 2009. Does radiosurgery
have a role in the management of oligodendrogliomas? ]
Neurosurg, 110, 564-571.

Lima EMM, Prada ILS, Silva FOC, Severino RS, Santos ALQ,
Drummond SS, Rodrigues GS, 2006. Estudo anatdémico
das artérias da base do encéfalo em gatos (Felis catus
domesticus). Ars Vet, 22, 1-7.

McDonald DA, Potter JM, 1951. The distribution of blood to
the brain. ] Physiol, 114, 356-71.

Meneses MS, 2006. Neuroanatomia aplicada, 2nd edition,




Circulus arteriosus

Gomes et al

Rio de Janeiro-R], Guanabara Koogan, Brazil, pp:368

Nazer MB, Campos R, 2011. Systematization of the brain
base arteries in ostrich (Struthio camelus). ] Morph Sci,
28,268-274.

Ocal MK, Erden H, Ogut I, Kara ME, 1999. A quantitative
study of the circulus arteriosus cerebri of the camel
(Camelus dromedarius). Anat Histol Embryol, 28, 271-
272.

Oliveira JC, Campos R, 2005. A systematic study of brain
base arteries in the wild boar (Sus scrofa scrofa). Anat
Histol Embryol, 34, 232-239.

Quinones-Hinojosa A, Ware ML, Sanai N, McDermott MW,
2006. Assessment of image guided accuracy in a skull
model: comparison of frameless stereotaxy techniques
vs. frame-based localization. ] Neurooncol, 76, 65-70.

Reckziegel SH, Lindemann T, Campos R, 2001. A systematic
study of the brain base arteries in capybara (Hydroch-

Eurasian J Vet Sci, 2012, 28, 4, 204- 208

oerus hydrochaeris). Braz ] Morphol Sci, 18, 103-110.

Schaller O, 1999. Nomenclatura anatomica veterinaria ilus-
trada. 1th edition, Sao Paulo-SP, Manole, Brazil, pp: 614

Simon M, Schramm ], 2009. Surgical management of intrac-
ranial gliomas. Recent Results Cancer Res, 171, 105-124.

Szeifert GT, Prasad D, Kamyrio T, Steiner M, Steiner LE, 2007.
The role of the Gamma Knife in the management of cer-
ebral astrocytomas. Progr Neurol Surg, 20, 150-163.

Wiland C, 1974. Comparative study on structure and varia-
tion in basal arteries of the brain in laboratory mouse.
Anat Anz, 135, 455-464.

Young PA, Young PH, 1998. Bases da neuroanatomia clinica.
1th edition, Rio de janeiro-R], Editora Guanabara Koo-
gan, Brazil, pp: 286






