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ABSTRACT 

Cerebral Coenurosis is a disease of nervous system in goats. Though the cyst is primarily localized in 

the central nervous system of sheep and goats. Therefore, the aim of the work is to determine the 

topography of the skull of goats to locate the most suitable surgical approaches for conducting the 

trephining operation away from the sites rich in blood vessels in order to avoid fatal bleeding during 

surgery. For the arterial blood supply study, ten goat’s head were used for this study. 3 different 

techniques used for the arterial blood supply study.  Four C. Coenurosis cases admitted to the veterinary 

clinics were subjected to computerized tomography for accurate diagnosis. The best sites for conducting 

the trephining operation were; site 1, 2 cm rostral to the base of the cornual process and site 2, 5 cm 

caudal to the lateral canthus of the eye. The examination of the affected brain allocated using CT scan. 

The arterial supply results obtained showed that the blood supply to the brain of goat is through the 

internal carotid, maxillary, occipital and a little contribution from the vertebral arteries. The maxillary 

and occipital arteries are shared in the formation of the rete mirabile cerebrale. The internal carotid artery 

formed the circle of Willis through the rostral communication of the rostral cerebral arteries of both sides 

and the caudal communication of the both caudal communicating arteries (left and right). In conclusion, 

two novel sites based on anatomical land marks with minimal bleeding areas were described.  
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INTRODUCTION 

Cerebral Coenurosis (gid, Sturdy or circling disease), this disease is distributed all over the world and 

has major economic losses for small ruminants [1]. Few human cases accidentally ingest the egg of this 

parasite have been reported from different countries including Italy, Egypt and the United States due to 

coenurosis [2].  

Cerebral Coenurosis is a disease of nervous system i.e., brain and spinal cord in sheep and goats, being 

intermediate host for the Taenia multiceps larval stage known as Coenurus cerebralis [3 & 4]. Though 

the cyst is primarily localized in the central nervous system of sheep and goats. While C. cerebralis 

initially causes purulent meningoencephalitis, later as the cyst grows, it leads to central nervous system 

symptoms resulting in death [5].  

Necropsy finding of cyst, Clinical signs, CT, ultrasound and X-ray are the diagnostic method of 

coenurosis [6]. Histopathological findings revealed an extensive area of liquefactive necrosis in the 

cerebrum related to the evacuated Coenurus cyst also used as diagnostic method [7]. Surgery for cerebral 

coenurosis would be effective up to 90%, if the brain and skull are first tested by computerized 

tomography, magnetic resonance imaging or ultrasonography [8]. 

Treatment is by surgical removal of the cyst after general anesthesia or by aspiration of the cyst fluid 

through the softened skull. This treatment is usually reserved for valuable animals, although the method 

described is fairly straight. Indeed, the determination of the localization is the most problematic factor 

in the successful treatment of coenuruses [9]. Removal of cyst achieves a very good success rate, 

especially after accurate anatomic localization of the lesion within the brain and when the bleeding 

avoided after operation [10]. 

The aim of the work is to determine the topography of the skull of goats to alocate the most suitable 

surgical approaches for conducting the trephining operation away from the sites rich in blood vessels as 

well as the arterial distribution to the brain in order to avoid fatal bleeding during surgery.  

MATERIALS and METHODS 

The current study was conducted on fourteen heads of adult, apparently healthy goats of both sexes, 

weighing 30 to 34 kg. Heads obtained from slaughter houses in Giza area. 

For the arterial blood supply study: 

Ten heads used for this purpose. Each specimen was cannulated with Nelaton catheter (Size 8) through 

both common carotid arteries. All specimens were carefully flushed with warm (45o C) normal saline 

solution, one at a time, to avoid the formation of blood clots.  

Six specimens were injected with 60% latex colored red with Rotring® ink. And other two specimens 

were injected with red lead oxide (lead tetroxide Pb3O4) in 150 c.c. latex. The injected mixture should 

be after stirring to avoid precipitation of the lead oxide. The specimens were left in a mixture of 10% 

formalin, 2% phenol and 1% glycerin for four days before dissection in a cold room. Last two heads 

were injected through common carotid artery with Kem Eboxy® colored red (151 with its catalyst) and 

left for 30 days and then specimens corrosion were applied using HCL 70 % for 20 days to obtain a cast 

for the arterial tree.  



Vol 26, No. 10;Oct 2019

27 office@multidisciplinarywulfenia.org

The specimens injected with lead oxide were sawed in sagittal section to avoid overlapping of arteries 

of each side during radiography. Radiographs were performed in the department of Surgery, Faculty of 

Veterinary Medicine Cairo University on the half heads and the full brain obtained in the latero-medial 

view at 200 mA, 44 kv and 10 mAS. 

The obtained results were photographed using NIKON® digital cameras, 12 mega pixels. 

For the surgical study: 

Four goat cases admitted to different veterinary clinics in Mansoura province suffering from circling 

disease were subjected to clinical and neurological examinations in addition to computerized 

tomography for accurate diagnosis. 

All cases were subjected to slaughtering in slaughterhouse and evaluated postmortem for the location 

and nature of the Coenurus cerebralis cysts. 

Results 

The results of the CT and postmortem examinations were illustrated in plate 2.  

Topography of the head of goats to allocate the most suitable surgical approaches sites for conducting 

the trephining operation away from the sites rich in blood vessels in order to avoid fatal bleeding during 

surgery (plate 3); Site 1, within the frontal bone (F) by drawing an imaginary line (A), median plan and 

drawing imaginary line (B), 2 cm rostral to the origin of the cornual process (Cp) and then drawing line 

(C) transversally between the rostral end of line B toward line A. Site 2, between the frontal and the 

parietal bones (p) including the fronto-parietal suture, 5 cm caudal to the lateral canthus of the eye.  

For the arterial blood supply: 

Dissection and radiographic imaging have revealed that the blood supply to the brain of goat is through 

the internal carotid, maxillary, occipital and a little contribution from the vertebral arteries. The 

maxillary and occipital arteries are shared in the formation of the rete mirabile cerebrale.   

Rete mirabile cerebrale, (plate 1/12): 

It is an elongated arterial mass of numerous interlacing anastomotic vessels. Lies within the cavernous 

sinus and rests on the floor of the middle fossa of the cranium. It is formed of two halves on each side 

of the pituitary gland body (plate 1/Q). The two halves are communicated rostrally and caudally; the 

rostral communication is established through numerous fine anastomotic twigs arranged in plexiform 

manner on the rostral border of the optic chiasma while the caudal communication is established through 

transverse branches forming a network of anastomotic vessels. the caudal communication vessels give 

rise to the caudal hypophysial artery (plate 1/T), suppling the pituitary gland. 

Occipital artery, (plate 1/2): 

The occipital artery is derived from the common carotid artery (plate 1/1). During its course, it gives rise 

to the middle meningeal artery, occipital branch and anastomotic branch (plate 1/6) that anastomoses 

with the vertebral artery (plate 1/7). The occipital branch (plate 1/4) give rise to the posterior meningeal 

artery (plate 1/3). Then the previous artery proceeds to the cranial cavity and contribute to the rete 

mirable cerebrale.  
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Middle meningeal artery, (plate 1/3):  

It is represented by a single vessel spring from the dorsal aspect of the occipital artery transverse the 

foramen ovale to gain the cranial cavity. It pierces the dura mater and terminates into four or five primary 

branches which divide and re-divided into numerous anastomotic twigs to form the middle part of the 

rete mirable cerebrale. 

Maxillary artery, (plate 1/ 9): 

Maxillary artery is derived from the external carotid artery (plate 1/8). It makes a great contribution to 

form the rete through the caudal branch for the rete mirabile cerebrle, and the rostral branches. The 

former one arose from the medial aspect of the maxillary artery and entered through the oval foramen to 

reach the floor of the cranial cavity, where it divided down into numerous fine branches for rete mirabile 

cerebrale (plate 1 /10) then it gave off the rostral meningeal artery but didn’t contribute to rete mirabile 

cerebrale. 

Rostral branches for rete mirabile cerebrale, (plate 1/11): 

The rostral branches to the rete mirabile cerebrale were 3-5 branches which arose from the maxillary 

artery. These branches entered through the orbitorotundum foramen where they reached the floor of the 

cranial cavity and subdivided into smaller branches that participated in the formation of the rete mirabile 

cerebrale. 

 

Internal carotid artery, (plate 1/13):  

In all examined specimens, the extra cranial part of the internal carotid artery is obliterated and is 

represented by a slimmer fibrous strand which extends from the common carotid artery rostral to the 

origin of the occipital artery to enter nearly the middle part of the rete mirabile cerebrale.  

Then it retains its tubular form by a relatively large but short vessel. The internal carotid artery is joined 

rostrally by considerable number of retial branches and gradually increases in caliber, then it penetrates 

the medial aspect of the retial mass towards the dorsomedial part of it to form the circle of Willis where 

it emerges as a patent vessel of remarkably large size.  

It perforates the dural roof of the cavernous sinus and immediately detaches the caudal communicating 

artery then continues rostrally towards the dorsal aspect of the optic chiasma dividing into rostral 

hypophysial to the pituitary gland (plate 1/14), rostral choroidal, middle and rostral cerebral arteries. 

Rostral choroidal artery, (plate 1/15): 

It arises from the internal carotid artery at the level of tuber cenerium. it proceeds caudolaterally along 

the caudomedial border of the optic tract and terminates as rostral and caudal branches. The rostral 

branch terminates in the choroid plexus of the lateral ventricle. While the caudal branch terminates into 

several branches distributed on the optic tract and piriform lobe. 
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Middle cerebral artery, (plate 1/16): 

It is one of the two terminal branches into which internal carotid artery divides on the dorsal aspect of 

the optic chiasma. In the majority of specimens (8), the artery runs laterally across the fossa lateralis and 

divides into two terminals; rostral (plate 1/17) and caudal terminal branches (plate 1/18) which proceed 

parallel to each other across the lateral fossa. 

Rostral cerebral artery, (plate 1/19): 

It is the other terminal branch of the internal carotid artery on the dorsal aspect of the optic chiasma. It 

courses rostromedially towards the longitudinal fissure. Along its course it gives off numerous twigs to 

the optic chiasma and olfactory tracts. Moreover, the left and right rostral cerebral arteries joined each 

other dorsal to the optic chiasma forming the rostral communication for circle of Willis. 

Caudal communicating artery, (plate 1/20): 

In the majority (8) of the dissected cases it arises from the internal carotid artery immediately after 

emergence from the cavernous sinus. However, in only two specimens the artery erupts within the 

cavernous sinus caudal to the point of emergence of the internal carotid artery.  

The caudal communicating artery courses caudally and ventrally to joint its fellow of the opposite side 

to form the basilar artery about 0.5 cm rostral to the pons forming the caudal communication for circle 

of Willis. During it course, it gives off caudal cerebral, caudal choroidal, mesencephalic, dorsomedial, 

rostral cerebellar and accessory rostral cerebellar arteries. 

Caudal cerebral artery, (plate 1/21): 

It arises from the caudal communicating artery slightly rostral to the superficial origin of the oculomotor 

nerve (plate 1/P) and gain the caudal part of the medial aspect of the corresponding cerebral hemisphere 

where it terminates and ramify on the dorsomedial aspect of the cerebral hemisphere. 

Caudal choroidal artery, (plate 1/22): 

It arises from the caudal communicating artery immediately caudal to the origin of caudal cerebral artery. 

it passes around the cerebral peduncle (plate 1/J) and continues rostrally to arborize in the choroid plexus 

of the third ventricle. 

Mesencephalic artery, (plate 1/23): 

The mesencephalic branch leaves the caudal communicating and run rostral to the root of the oculomotor 

nerve. It curves dorsolaterally around the cerebral peduncle to the pons. It continues medially to supply 

the rostral colliculus. 

Rostral cerebellar artery, (plate 1/24): 

It leaves the caudal communicating artery just caudal to the root of oculomotor nerve. It curves 

dorsolaterally then proceed to rostral surface of the cerebellum where it terminates into two branches, 

lateral branch which ramifies on the lateral aspect of the corresponding cerebellar hemisphere and medial 

branch that continues the course of the parent vessel between the rostral surface of cerebellum and the 
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caudal colliculus. It detaches a fine branch to respective cerebellar hemisphere then continues medially 

to ramify on the rostral surface of the vermis cerebelli. 

Accessory rostral cerebellar arteries, (plate 1/26):  

The accessory rostral cerebellar arteries are demonstrated as two - three slender vessels they arise from 

caudal communicating artery immediately caudal to the origin of the rostral cerebellar artery and 

distribute on the rostro ventral part of the cerebellar hemisphere and the pons. 

Dorsomedial arteries, (plate 1/25): 

The dorsomedial branches are represented by two large vessels which arise from the dorsomedial aspect 

of the caudal part of the caudal communicating artery which soon divide into numerous fine branches 

and anastomoses with each other. They supply caudal part of mammillary body and cerebral peduncles 

(plate 1/I&J). 

Basilar artery, (plate 1/27): 

It is formed as a result of the union of the right and left caudal communicating arteries, it proceeds 

caudally along the ventral aspect of the pons and medulla oblongata and continues as the ventral spinal 

artery (plate 1/32). Along its course, it gives off pontine and medullary branches as well as the caudal 

cerebral artery. 

Pontine branches, (plate 1/28): 

They are three to four slender branches. They ramify on the ventral, lateral and dorsolateral aspects of 

the pons (plate 1/K). 

Caudal cerebellar artery, (plate 1/29): 

It leaves the basilar artery on the level with the junction between the trapezoid body (plate 1/L) and pons. 

It gives off labyrinthine artery (plate 1/30). then proceed towards caudo-ventral part of the cerebellum 

where it terminates into lateral and medial branches. 

Medullary branches, (plate 1/31): 

They are 8 branches (in 8 cases) and six in (2 cases). They ramify on the ventral aspect of the medulla 

oblongata. 

Discussion 

The most important point in the successive trephining of the cerebral cavity in goats suffered from 

Cerebral Coenurosis is to determine the location of cysts in the brain and this has been clarified in the 

current research using CT scan as additional accurate tool for diagnosis. However, the possibility of 

intraoperative bleeding remains the greatest dilemma, especially in some cases where large cysts are 

involved and occupy a large space of the cerebral cavity and may lead to bleeding that could threaten 

the life of the affected animals. Therefore, this anatomical study was used to determine the topography 

of the skull of goats to locate the most suitable surgical approaches for conducting the trephining 

operation away from the sites rich in blood vessels in order to avoid fatal bleeding during surgery.  
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In the present study, most of the cases were affected with intracerebral Coenurus cerebralis cysts located 

in the dorsal aspect of the cerebral hemispheres. The results which were consistent with most of the 

previous research [1, 11, 12 and Adane, et al, 2015].  

The sites for trephining of the cerebral cavity in goats were demonstrated and they were the safest 

locations for exposure of the goat’s brain to excise the Coenurus cerebralis cysts with minimal 

intraoperative bleeding as; site 1, within the frontal bone, 2 cm rostral to the origin of the cornual process 

and site 2, between the frontal and the parietal bones, 5 cm caudal to the lateral canthus of the eye. These 

sites were also cover the most common predilection sites of Cerebral Coenurosis in goats.  

According to our knowledge, however many surgeons explained the cerebral trephining operation 

process [11, 9 and 10] but there was the first time to illustrate the 2 sites with anatomical land marks 

considering the areas of less of blood supply. Site one was suitable for anterior lesions operation which 

was away from the branches of the maxillary artery and its branches while site two was recommended 

for posterior lesions manipulations that was away from the lateral twigs of the middle and caudal cerebral 

arteries.     

The current investigation has revealed that the blood supply to the brain goat is derived from branches 

of the maxillary, occipital, a little contribution from vertebral arteries and the internal carotid artery after 

passing through the rete mirabile cerebrale to the brain. A similar conclusion was reached in sheep and 

goat by [14, 15, 16 and 17] and [18] in pig. However, in buffalo, the arterial blood supply passes over a 

rostral and a caudal rete mirabile cerebrale. [19, 20 and 21] and [22] in sheep who termed the caudal rete 

mirabile cerebrale by the basi-occipital plexus.  

The origin of the occipital artery in brain of goat was from the common carotid artery and contribute the 

middle meningeal artery and occipital branch which gave the caudal meningeal artery. Both were 

contributed to the rete mirabile cerebrale, these findings were in accordance with [20 and 21] in buffalo, 

and [23 and 15] in small ruminants while [24 and 17] in the same animal, stated that the middle 

meningeal artery was derived from the maxillary artery.  

The present study showed that the reta mirabile cerebrale formed by the union of caudal meningeal, 

middle meningeal as well as the rostral and caudal branches from maxillary arteries in goat. That was in 

disagreement in the same animal with [16, 15, 21 and 20] who described the contribution made by 

maxillary artery into the formation of rete mirabile cerebrale was through the rostral and middle 

meningeal arteries.  

The rostral meningeal arteries in our present study wasn’t contributed to the rete mirabile cerebrale but 

the same artery were designated by [19 and 22] in ox and buffalo as anastomosing branches. Moreover, 

it was mentioned by [17] in goat, [25, 26 and 27] in ruminants. 

The present study found that the internal carotid artery was obliterated fibrous strand extra cranial then 

it increased in its diameter after joining the retial branches. Similar results were found by [28, 17, 22, 

29, 14, 20 and 21] in ruminants. On the other hand, the observations made by [24 and 24] in goat revealed 

that the extra cranial part of the internal carotid artery was absent. 

The origin of the rostral choroid artery was from the internal carotid artery that supported the findings 

of [15] in goat and [20 and 21] in buffalo. On the other hand, neither the observations given by [30] in 

ruminants nor that given by [31] in ox can be observed in the goat under investigation. The former author 
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reported that the rostral choroid artery derived from the rostral cerebral artery, while the later one 

observed the corresponding vessel erupted from the caudal communicating artery. 

The origin of middle cerebral artery from the internal carotid artery revealed in the present study was in 

accordance with [28, 22, 24 and 17] in goat, [21] in buffalo, [15] in the other domestic animals. On the 

other hand, the present findings were at variance with that recorded by [30] who reported that in domestic 

animals, the middle cerebral artery detached from the rostral cerebral artery. 

According to the present investigations the rostral cerebral artery was represented as one of the two 

terminal branches of the internal carotid artery that was in accordance with [28, 22, 24, 17] in goat and 

[21] in buffalo. 

Our results found the caudal communicating artery erupted from the internal carotid artery beyond the 

emergence of the latter vessel from the cavernous sinus, that was in accordance with [28 and 15] in goat. 

The account given by [22, 32, 30, 22, 24 and 17] that in domestic animals, the caudal communicating 

artery joins its fellow of the opposite side to form the basilar artery as applied the same for the goat. 

The statement given by [33] in sheep, [32] in goat and [21 in buffalo on the origin of the caudal cerebral 

artery was revealed in our study, where the vessel derived from the caudal communicating artery. 

The present findings affirmed those given by [15] in ruminants that the caudal choroid artery arose from 

the caudal communicating artery. Moreover (Nanda, 1975) added that the caudal choroid branch 

originated either independently or in common with the mesencephalic branch in goat. 

The origin of the mesencephalic branch from the caudal communicating artery either separately or 

together with the caudal choroid branch through a very short trunk revealed by our study was in 

accordance to [17] in goat. 

In conformity with our findings in goat, [22, 33, 32, 15 and 17] in the domestic animals and ruminants, 

the basilar artery of the brain was formed as a result of the union between the right and the left caudal 

communicating arteries. 

CONCLUSION 

In conclusion, two novel sites were anatomically described with land marks of an area lacked of blood 

supply to avoid fatal bleeding during cerebral trephining surgical operation in goats.  
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Plate 1: A, Dissected latex specimen of the main arterial distribution of common carotid artery in the retromandibular fossa. B, 

Lateromedial radiograph of left half of the head of the goat. C, Epoxy cast specimen showing the arterial distribution inside the 

cranial cavity the rete mirabile cerebrale in the skull of the goat. D, Ventral view of the brain goat with dura matter showing the 

rete mirabile cerebrale. E, Ventrodorsal radiograph of the brain in goat showing the rete mirabile cerebrale. F, Dissected latex 

brain specimen showing the branches of the internal carotid artery and circle of Willis. (ventral view). G, Dissected latex brain 

specimen showing the branches of the internal carotid artery and circle of Willis. (ventrolateral view). H, Radiograph for brain 

specimen showing the branches of the internal carotid artery and branches to lateral side of the brain. (lateral view). 

 

1- Common carotid artery 2- Occipital artery 3- Middle meningeal artery 4- Occipital branch 5- Caudal meningeal artery 6- 

Anastomotic branch to vertebral artery 7- Vertebral artery 8- External carotid artery 9- Maxillary artery 10- Caudal branch to rete 

mirabile cerebrale 11- Rostral branches to rete mirabile cerebrale 12- Rete mirabile cerebrale 13- Internal carotid artery 14- Rostral 

hypophysial artery 15- Rostral choroid artery 16- Middle cerebral artery 17- Rostral terminal branches 18- Caudal terminal 

branches 19- Rostral cerebral artery 20- Caudal communicating artery 21- Caudal cerebral artery 22- Caudal choroid artery 23- 

Masencephalic artery 24- Rostral cerebellar artery 25- Dorsomedial artery 26- Accessory rostral cerebellar artery 27- Basilar artery 

28- Pontine arteries 29- Caudal cerebellar artery 30- Labyrinth artery 31- Medullary arteries 32- Ventral spinal artery.  

 

A- Olfactory bulb B- Lateral olfactory tract C- Medial olfactory tract D- Olfactory trigone E- Piriform lobe F- Cerebral hemisphere 

G- Optic chiasma H- Tuber cinereum I- Mammillary body J- Cerebral peduncle K- Pons L- Trapezoid body M- Medulla oblongata 

N- Cerebellum O- Spinal cord P- Oculomotor nerve Q- Pituitary gland R- Cranial cavity S- Dura matter T- Caudal hypophysial 

artery.              
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Plate 2: a. Brain necropasy of two 

years old goat suffered from 

circling disease showing liquified 

necrosis of the caudal part of the 

right cerebral hemisphere. b. 

Contrast-enhanced sagital CT 

image of the same case showing a 

unilocular Coenurus cerebralis cyst 

with marked liquified necrosis in 

the left cerebral hemisphere. c. 

Brain necropasy of three years old 

goat clinically presented by nervous 

signs  showing circumscriped 

Coenurus cerebralis cyst involved 

the caudal part of the left cerebral 

hemisphere. d. Contrast-enhanced 

transverse CT image of the same 

case showing a multilocular 

Coenurus cerebralis cyst in the left 

cerebral hemisphere deviating the 

axial part of the cerebral 

hemispheres. e. Postmortum 

examination of two and half years 

old goat’s brain showed deep 

liquified necrosis of the caudal part 

of the left cerebral hemisphere. f. 

Contrast-enhanced sagital CT 

image of the same case showing a 

multilocular Coenurus cerebralis 

cyst with marked liquified necrosis 

in the right cerebral hemisphere. g. 

Brain necropasy of one and half 

year old goat clinically presented by 

circling disease showing 

circumscriped Coenurus cerebralis 

cyst involved the venteral aspect of 

the right and left cerebral 

hemispheres with massive necrosis. 

h. Contrast-enhanced transverse CT 

image of the same case showing a 

multible Coenurus cerebralis cysts 

involving the ventral aspects of both 

the right and left cerebral 

hemispheres. 
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Plate 3: Topography of the head of goats to allocate the most suitable surgical approaches sites for 

conducting the trephining operation away from the sites rich in blood vessels. Site 1, within the frontal 

bone (F) by drawing an imaginary line (A), median plan and drawing imaginary line (B), 2 cm rostral to 

the origin of the cornual process (Cp) and then drawing line (C) transversally between the rostral end of 

line B toward line A. Site 2, between the frontal and the parietal bones (p) including the fronto-parietal 

suture, 5 cm caudal to the lateral canthus of the eye (LC).    

 

 


