
459

Acta Veterinaria-Beograd 2017, 67 (4), 459-476
UDK: 636.32/.38.028:616.133-089-092.8 

DOI:10.1515/acve-2017-0038 

*Corresponding author: e-mail: Podlaha.Jiri@fnbrno.cz 

BILATERAL COMMON CAROTID ARTERY LIGATION IN 
SHEEP. COULD THESE ANIMALS BE USED AS HUMAN 
MODELS FOR VASCULAR AND CEREBRAL RESEARCH?

PODLAHA Jiří1*, SCHWANHAEUSER Kräuff2, KADEŘÁBKOVÁ Tereza3

1Department of  Surgery, University Hospital Brno Bohunice, Faculty of  Medicine, Masaryk University, 
Brno, Czech Republic; 2Department of  Preventive Medicine / Public Health, Faculty of  Medicine, 
Masaryk University, Brno, Czech Republic; 3Department of  Anaesthesiology Resuscitation and Intensive 
Care Medicine, University Hospital Brno Bohunice, Brno, Czech Republic.   

(Received 19 February, Accepted 07 June 2017)  

Experimental animals are still used in today’s medicine to understand better physiological 
or pathological processes, or to develop, for example better vascular prostheses. For that 
reason, these animals must show some similarities with humans, from the anatomical to 
the physiological point of  view.

When developing vascular prostheses, we have to evaluate if  the graft will react in the 
expected way and if  during experimental research there will be some factors that might 
infl uence the proper functioning of  vascular prostheses in the human body.

We observed the consequences of  bilateral common carotid artery ligation (BCCAL) 
or Sham operation in seventeen healthy Merinolandschaf  / Württemberg sheep, aged 
between 2 and 4 years, after testing new types of  carbon-coated ARTECOR® and 
ADIPOGRAFT Ra 1vk 7/350 vascular prostheses. After the follow-up period the 
prostheses were extirpated, so the blood supply was provided from the vertebral arteries. 

Sheep in both groups were not sacrifi ced, but were observed for 18 months. After the 
observation period all sheep showed no physical or neurological changes and all are still 
alive. Animal responses to BCCAL are different, depending on the animal species, age, 
and condition. In sheep, bilateral blocking of  the blood fl ow in the carotid bed seems 
to be conceivable since the brain was suffi ciently supplied with blood from the vertebral 
arteries.

Key words: bilateral common carotid artery ligation (BCCAL), circle of  Willis, common 
carotid artery, sheep survival, Shechita, Dhabihah, Kosher or Halal quality meat

INTRODUCTION

Is sheep able to survive bilateral ligation of  the common carotid artery (BCCAL)? 

This question arose as a secondary issue during the experimental assessment of  the 
new type of  vascular prostheses (carbon-coated ARTECOR® and ADIPOGRAFT Ra 
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1vk 7/350 with Adiponectin) developed at the Knitting Research Institute, a. s. Brno, 
Czech Republic. The aim of  this study was to compare the consequences of  bilateral 
common carotid artery ligation in sheep with those observed in humans, in order 
to determine if  sheep are the ideal animal model for cerebrovascular experimental 
surgery, as other animals are used for other types of  experimental surgeries due to 
their similarities with humans [1]. 

Experimental and model animals have been used, by the Greek physician and surgeon 
Claudius Galenus (129-200 AD), and later by William Harvey (1578-1658 AD) [1]. 
Nowadays rats, mice, guinea pigs, rabbits, cats, dogs, sheep, pigs, monkeys, are used 
for surgical / vascular training [2-4], as well as experimental animals [1,5-13]. They are 
chosen due to their availability, handling, anatomical / physiological similarity with 
human beings, adaptability to physiological changes, and from the vascular point of  
view, due to the vessel caliber and the ability to model human responses [1,5-8,12].

Despite similarities to the human anatomy, animal models are unable to reproduce 
exactly the complex physiological human features [1,5-8,13-18]. 

Sheep are commonly used as animal models in vascular prosthetic research, mainly 
for carotid artery, and for many years they have served as the gold standard for 
cardiovascular bioprosthetic evaluation studies [1,5-8,13,15,18]. Their acquisition cost 
is low, they are easy to maintain, and their anatomical properties (long necks for easy 
and simple surgical access for vascular prostheses implantation / explantation and 
their carotid arteries have a similar diameter to those observed in humans) are suitable 
for vascular prostheses implantation and monitoring [1,5,6,8,11,12].

Sheep c  oagulation is very similar to humans in comparison to dogs or pigs [1,5], despite 
the fact that sheep have a higher number of  thrombocytes than most species used as 
experimental animals, having a tendency to hypercoagulation [1].  It was proved that 
PT, APTT, activated coagulation time, thrombocyte counts and their aggregation are 
not infl uenced neither by anesthesia nor by surgery, except for heparin administration 
[1,19-20].

From the vascular anatomical, hemodynamic and hematological point of  view, humans 
and sheep differ as presented in Table 1 [1] and Table 2 [1]: 

Table 1. Common carotid artery anatomical and physiological differences between human and 
sheep

 
Diameter

(mm)
Mean fl ow
(mL/min)

Mean velocity 
(cm/s)

Mean WSS 
(dynes/cm2)

Human 1, 34 6.5 - 7.0 455 - 483 22.3 - 24.4 7.8

Sheep 1 5.6 - 7.2 325 16.8 8.4

All values are expressed as mean or range
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Table 2. Haemodynamic and haematological differences between human and sheep

 SBP DBP HR TBV
RCB

(x109 /mL)
Plt

(x109 /mL)
WBC

(x109 /mL)

Human 1, 34 126 ± 14 79 ±10 70 ± 14 80 4.8 - 5.4 265 ± 135 7.4 ± 3.4

Sheep 1 140 90 95 ±24 58 10.0-13.0 550 ± 250 8 ± 4

SBP – systolic blood pressure (mm Hg); DBP – diastolic blood pressure (mm Hg); HR – heart  
rate (beats / min); TBV – total  blood volume (mL/Kg); RCB – red blood cell count; Plt, – 
platelet count; WBC – white blood cell count. All values are expressed as mean ± standard 
deviation or range.

Anatomical   overview. Human brain vascular supply: The human brain is supplied in 80-
85% by the two internal carotid arteries and in 15-20% by the two vertebral arteries 
[21,22]. Both vertebral arteries merge to become the basilar artery before entering 
the so-called circle of  Willis together with both internal carotid arteries. The circle of  
Willis provides collateral blood fl ow to the brain. The right and left vertebral arteries 
branch off  the right and left subclavian arteries while the right and left carotid arteries 
arise from the right and left common carotid arteries [21,22]. Blood is then taken into 
the brain by the basilar artery which gives off  the right and left posterior cerebral 
arteries. Communicating arteries complement the circle of  Willis and then branch 
off  the anterior, medial and posterior arteries. The posterior communicating artery 
is given off  as a branch of  the internal carotid artery just before it divides into its 
terminal branches: the anterior and middle cerebral arteries. Furthermore, the anterior 
cerebral artery forms the anterolateral portion of  the circle of  Willis, while the middle 
cerebral artery does not contribute to the circle of  Willis [21]. The importance of  the 
circle of  Willis relies on collateral circulation to supply the brain in the case that the 
main arteries stenose or occlude, so the blood fl ow from other arteries can maintain 
brain perfusion [23]. It is important to state that the entire brain blood supply comes 
from these arteries.

Sheep brain vascular supply: the circle of  Willis is observed in mammals but its supply 
and fl ow volumes might vary among different species [15,24-27]. This is an important 
fact at the time of  experimentation, because a stenosed or ligated artery might have 
different consequences. [15,24-27]. In sheep, the brain is supplied as in humans by 
two carotid and two vertebral arteries [15,24-27]. The internal carotid arteries arise 
from the common carotid arteries. Both penetrate the skull at the Fissura sphenopetrosa 
and end up at the rete mirabile epidurale rostrale. At its caudal part, the branches of  the 
vertebral arteries, condillary artery, and the medial meningeal artery from the occipital 
artery enter bilaterally. The rete epidurale has important connections with the maxillary 
artery [25,27].The circle of  Willis is formed by the cerebral carotid arteries, which 
caudally end as the Arteria spinalis vertebralis [24,26,27]. The v   ertebral arteries arise from 
the Truncus costocervicalis and run cranially through the Canalis transversarium up to the 
third and second vertebrae. On its way to the neck it gives off  the Ramus spinalis 
which passes through the foramen intervertebrale into the canalis spinalis. Its branch, 
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ramus medullaris, goes into the subarachnoideal space and here it joins the A. spinalis 
ventralis [24,25,27]. Between the second and the third vertebrae, the A. vertebralis splits 
into a thick lateral stem, which initially runs through the foramen transversarium axialis, 
then continuing through the foramen vertebrale laterale it pierces the canalis spinalis where 
it joins the strong intravertebral stem [24,25,27]. This artery together with the rami 
spinales and in the skull with the branches of  the Arteria maxillaris (in foetuses also with 
the A. carotis interna) forms the epidural network. The medial branch of  the A. vertebralis 
anastomoses to its contralateral part and once it passes the atlas, it splits into a medial 
fi nal branch, which it joins to its contralateral branch, or forms with it a network which 
opens into the rete mirabile caudale on the skull base. In most cases these are connected 
to the A. condylaris [25]. Baldwin and May studied the brain arterial supply in sheep 
too [28-31].  They pr  oved on latex colored vessels, connections between A. vertebralis 
and A. occipitalis, so-called anastomosis occipito-vertebralis. An interesting fact is that these 
connections are double in sheep, differing with a single one in the rest of  the species 
[28-31].  These anastomoses are designated by Ellenberger and Baum as connecting 
branches from the lateral fi nal branch of  the A. vertebralis [25]. Thus, not only with 
its fi nal branches supplies the rete mirabile rostrale from its caudal part, but the already 
described connections provide suffi cient blood fl ow to the A. occipitalis. In this way the 
blood is also provided to the rostral part of  the A. carotis communis and through the A. 
carotis externa to the A. maxillaris [27].

Physiology overvi ew. Cerebral oxygen consumption is around 20% (about 3.3 ml 
/100 g / min) of  total oxygen consumption of  the organism. The highest blood 
fl ow is in the grey matter (about four times higher than in the white matter) [32]. 
Almost 60% of  the cerebral oxygen consumption is spent on nervous tissue functions 
(electrophysiological functions), such as repolarization - polarization activities. The 
rest 40% of  the oxygen is needed to maintain cerebral cell homeostasis [32]. The 
functional association of  cerebral metabolism and cerebral blood fl ow is based on 
humoral reactions (calcium, potassium ions, and adenosine) via changes in cerebral 
vascular tone [32]. Changes in partial pressure of  CO2 in arterial blood directly 
infl uence the cerebral blood fl ow. On the other hand, partial pressure of  O2 in arterial 
blood infl uences the cerebral blood fl ow directly only in the case of  a substantial 
decrease. The blood fl ow value of  about 20 ml/min/100 g of  tissue is critical not only 
for cerebral functions, but also for the survival of  cerebral tissue. In the case of  an 
occlusion of  a cerebral artery, cerebral perfusion takes place via the circle of  Willis. 
A certain role is played here also by collateral perfusion through reversal fl ow in the 
ophthalmic artery [32]. Human cerebral perfusion needs 750 ml of  blood per minute, 
which represents the 14-15% of  the total cardiac output under basal conditions. 
Under resting conditions brain metabolism is about 7½ times higher than the average 
metabolism in the rest of  the body [34]. The density of  the blood capillaries in 
the brain is greatest where the metabolic needs are greatest. In humans, the overall 
metabolic rate of  the grey matter is about four times higher than that of  white matter 
[24]. In the brain at least three different metabolic factors have potent effects in 
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controlling cerebral blood fl ow. These are carbon dioxide concentration, hydrogen 
ion concentration and oxygen concentration [32]. Several experiments with animal 
models to simulate cerebral ischaemia have been described [35-38], including those 
using sheep [39-42]. One of  the most serious complications of  abnormal cerebral 
hemodynamics is the development of  brain oedema. Because the brain is encased 
in a rigid chamber (the cranium), the accumulation of  edema fl uid compresses the 
blood vessels, with eventual depression of  blood fl ow and destruction of  brain tissue. 
Carotid ligation per se reduces the infl ow pressure. Brain edema has been frequently 
observed in patients with severe cerebral infarction [43], as well as in animals with 
experimental infarction caused by arterial occlusion [44]. 

Bilateral ligation of  common carotid artery overview. Surgical arterial ligation 
has been performed on humans as a hemostasis method since it was fi rst reported 
by Claudius Galenus (129-200 AD), and then reintroduced by the French surgeon 
Ambroise Paré (1510-1590 AD) [45-47]. Paré is claimed to have performed the fi rst 
carotid artery ligation in 1552, being a French soldier with an épée wound his patient; 
despite the fact the patient was saved he developed aphasia and hemiplegia [45-47]. 
In 1798, John Abernethy (1764-1831 AD) reported the fi rst common carotid artery 
ligation as a lifesaving procedure [45]. The naval surgeon David Fleming, performed 
the fi rst successful common carotid artery ligation. [45,48,49]. The surgeon Astley 
Cooper   (1768-1841) performed the fi rst common carotid artery ligation for a cervical 
aneurysm, [50] and nowadays the procedure is used to treat cerebral aneurysms, 
hemorrhage, tumors, etc. [51-54]. 

In humans, BCCAL has     a mortality rate of  around 100% due to the lack of  perfusion 
that causes a large failure in brain metabolism. However, Lilienthal in 1903 [55] and 
Catlin in 1960 [56] reported two patients who survived BCCAL. 

It is important to take i  nto account that slowly a progressive occlusive disease of  the 
internal carotid or common carotid artery is less dangerous and more common than 
their sudden occlusion.

Cerebrovascular research experiments, especially those focused on cerebral ischemia, 
use animal models including sheep to recreate human diseases and determined 
situations, such as those observed during bilateral ligation of  the carotid arteries.

The effects of  BCCAL in experimental sheep [28,29,40,57-60] as well as in other 
experimental animals [37,61-77] have been described by many researchers and can be 
quite different from those observed in humans [55,56,77-80]. Nevertheless, B  unce 
concluded that per  manent interruption of  the carotid and vertebral arteries in dogs is 
not compatible with life [63].

MATERIAL AND METHO  DS

The current study was approved by the Ethical Committee of  the University of  
Veterinary and Pharmaceutical Sciences Brno and followed all protocols according 
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to the law. Experimental surgery was performed in accordance with the guidelines 
for animal research established by the Animal Ethics Committee of  the University 
of  Veterinary and Pharmaceutical Sciences Brno (Directive 86/609/EEC on the 
protection of  animals used for experimental and other scientifi c purposes and 
ARRIVE Guidelines) [86-88]. In addition, all persons included in this experimental 
assessment possessed the respective license for animal manipulation on experimental 
medicine, according to the paragraph 17, article 1, of  the law 246/1992 Sb., for animal 
protection against cruelty. 

Seventeen healthy Merinolandschaf  / Württemberger sheep, aged between 2-4 years 
[81,82] and free of  infectious diseases, were used as experimental animals to implant 
the new types of  vascular prostheses (ARTECOR® and ADIPOGRAFT Ra 1 vk 
7/350). After prostheses explantation the animals were followed up for 18 and 12 
months respectively, before being passed on to different farms.

Based on earlier experiments conducted by one of  the authors on mouffl ons and 
other sheep breeds, the authors assumed that the absence of  the carotid bed is not a 
life threatening condition for these animals [11,12].

All animals were followed up on a daily basis and head researchers were contacted in 
the case of  complications. The animals were euthanized if  they presented severe pain 
or suffering, such as food and water intake diffi culties (weight loss > 25%), inapetence, 
abnormal posture or locomotion, weakness, respiratory disorders, vocalization 
disorders,  or severe CNS signs during the follow up period [82,83].

RESULTS

After simultaneous bilateral  carotid artery ligation (BCCAL) all seventeen sheep were 
followed up and their progress was recorded as presented in Table 3.

After 18 months follow-up in the ARTECOR® group (8 sheep), and 12 months in the 
ADIPOGRAFT Ra 1 vk 7/350 group (9 sheep), all sheep stayed alive and so far they 
have shown no impairments (physical or behavioral). 

Post-operative complications were observed during the fi rst two months in 2 sheep of  
the ARTECOR® group and during the fi rst month in 3 sheep of  the ADIPOGRAFT 
Ra 1 vk 7/350 group.

In the both groups, we did not observe visual defi cits, hemiparesis, paralysis, 
complications to adapt to environmental changes (hypothermia), drowsiness, defecation 
or urination, or long-term cognitive impairment. However, motoric defi ciencies 
around their jaw were observed in 3 sheep which in turn showed eating and behavioral 
changes (5 sheep). These motoric defi ciencies disappeared in the ARTECOR® group 
on the 33rd day  while in the ADIPOGRAFT Ra 1 vk 7/350 group, disappeared on the 
day  after the BCCAL. Only one sheep expressed apathy for almost 38 days after the 
surgical procedure, despite normal food intake, from day 12.
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Table 3. Post-operative 18 months follow-up after simultaneous bilateral carotid artery ligation

ARTECOR® 1
day

1
week

1
month

2
months

3
months

6
months

12
months

18
months

Still alive 8 8 8 8 8 8 8 8

Signs of  paresis or plegia 0 0 0 0 0 0 0 0

Motoric defi ciencies 1d 1d 1d 0 0 0 0 0

Amaurosis 0 0 0 0 0 0 0 0

Circling or rotational movements 0 0 0 0 0 0 0 0

Convulsions 0 0 0 0 0 0 0 0

Signs of  brain oedema 0 0 0 0 0 0 0 0

Behavioural changes 2 d, f 2 d, f 2 d, f 1 f 0 0 0 0

Eating changes 2 d, f 2 d, f 1 d 0 0 0 0 0

ADIPOGRAFT Ra 1vk 7/350 ® 1
day

1 
week

1 
month

2 
months

3 
months

6 
months

12 
months

18 
months

Still alive 9 9 9 9 9 9 9 -

Signs of  paresis or plegia 0 0 0 0 0 0 0 -

Motoric defi ciencies 2 a, c 2 a, c 2 a, c 0 0 0 0 -

Amaurosis 0 0 0 0 0 0 0 -

Circling or rotational movements 0 0 0 0 0 0 0 -

Convulsions 0 0 0 0 0 0 0 -

Signs of  brain oedema 0 0 0 0 0 0 0 -

Behavioural changes 3 a, c, i 2 a, c 2 a, c 0 0 0 0 -

Eating changes 3 a, c, i 3 a, c, i 2 a, c 0 0 0 0 -

ARTECOR® group (eight sheep) – Sheep a; sheep b; sheep c; sheep d; sheep e; sheep f; sheep 
g; sheep h. ADIPOGRAFT Ra 1 vk 7/350 group (nine sheep) – Sheep a; sheep b; sheep c; 
sheep d; sheep e; sheep f; sheep g; sheep h; sheep i.

Animals regained consciousness promptly after the surgical procedure. None of  the 
sheep showed seizures, anxiety or depression. There were no signifi cant changes in the 
respiratory pattern as well.  After 40 days follow-up no complications were observed 
in any of  the experimental animals. 

DISCUSSION

Large experimental animals are usually used to develop new surgical methods, whereas 
small experimental animals are more used to understand the mechanisms of  disease 



Acta Veterinaria-Beograd 2017, 67 (4), 459-476

466

[87]. Before humans are subjected to a clinical trial - for the purpose of  developing 
a new vascular prosthesis - it is necessary to assess rheological and immunological 
reactions to the prosthesis in animals, in vivo. It is still not possible to replace these 
experiments with in vitro methods. Therefore, it is still important to use animals in 
clinical trials.

One important fact to be taken into account when comparing / extrapolating the 
obtained results in experimental animals and those observed in humans in a daily 
clinical practice is the fact that these animals are usually young and healthy without any 
co-morbidities, at least those one observed in humans. There are many anatomical, 
physiological, immunological, metabolic, pharmacological similarities and differences 
among experimental animals and humans [1,5-8], but other aspects, such as genetic 
homogeneity, availability, costs of  maintenance, post-operative care needed, public 
and institutional acceptability, help to decide whether to choose an animal as a human 
model or not [1,5]. For carotid artery research and assessment of  vascular prostheses, 
sheep are mostly chosen due to their similarities to human carotid arteries, such as 
behaviour of  the arterial bed, carotid length and accessibility, endothelisation at the 
anastomosis site, and carotid artery diameter similar to humans, being around 4 to 6 
mm [1,5].

In the current study on experimental animals, clinical symptoms described by Cho 
et al [64], such as hemiparesis, circling movements, seizures and / or ptosis were not 
observed.

These experimental results suggest cerebrovascular protection (changes in cerebral 
fl ow after bilateral common carotid artery ligation - BCCAL) can be expected in sheep 
following bilateral common carotid artery ligation. Probably the sheep age infl uenced 
the relative resistance (tolerance) to ischemia [74,88]. This fact might indicate that in 
sheep there is a more signifi cant collateral blood supply to the brain than in humans 
and thus adaptations occurred after BCCAL increased brain tolerance to hypoxia.

One of  the reasons why sheep survived BCCAL might be explained by the 
occipitovertebral arteries which in turn are connected to the external carotid arteries, 
eventually reaching the Rete mirabilis and the circle of  Willis [1,15,28-31,89]. 

The occlusion / ligation of  both CCA increases the blood fl ow in the vertebral arteries. 
[1,28-31,89]. Linzell and Waites described that the occipital arteries carry vertebral 
blood to the carotid artery system when both carotid arteries are occluded / ligated, 
and this is caused by the reversal of  blood fl ow in a way that the cephalic structures 
and the entire brain are supplied through the external carotid arteries and the circle 
of  Willis. In other words, after BCCAL the sheep brain is supplied by the vertebral 
circulation through the occipito - vertebral anastomosis reaching the brain via the 
carotid rete and, this mechanism is effective when the carotid sinus nerves are intact 
[57,60,61,65]. 

Andersson and Jewell noted that under normal conditions vertebral artery blood 
supplies only the spinal cord and medulla, but during carotid artery occlusion, a 
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reversal fl ow occurs in the occipital artery, and vertebral blood reaches the entire brain 
through the external carotid arteries via the carotid rete and the circle of  Willis. Thus, 
the vertebral and spinal blood supplies are able to maintain brain perfusion needs 
[61]. Physiological blood fl ow in sheep’s basilar artery is away from the circle of  Willis 
[15,90-93].

One important difference between some mammals and humans consists in the rete 
mirabile. According to Itoyama, these structures in mammals might provide brain 
protection against overheating and regulate blood pressure and fl ow of  cerebral 
circulation. In humans it is anomalous and not seen during any developmental stage 
[94].

Baldwin and Bell observed that BCCAL in sheep may cause EEG changes depending 
on the severity of  brain ischemia, such as slow rhythmic activity. They noted that the 
ventral spinal artery is able to supply the brain in order to maintain electrical activity 
in the cortex. In the case both common carotid and vertebral arteries are ligated / 
occluded, complete brain ischemia will be observed [58,59].

Responses to bilateral occlusion / ligation of  the common carotid arteries are 
different among species [66,70,73], for example, in dogs they show less severity than 
in humans, proving more collateral brain blood supply [66,95],  whereas responses in 
rats and baboons were more similar to human beings (i.e., retinal or auditory damages; 
cognitive impairment; some patients had no neuronal defi cits unless were exposed to 
increased metabolic demands during stress; hypoxia or hypotension) [62,70,72,73,76].

Reactions of  humans to common carotid artery blood fl ow blockage are different 
[37], but when they are bilateral the consequences are fatal with the exceptions of  
the cases described by Lilienthal in 1903 [55] and Catlin in 1960 [56]. These reactions 
depend on blood supply failure compensation via the circle of  Willis in the brain 
and also on further factors, e.g. overall condition of  the cardiovascular system, etc. 
The key element making the circle of  Willis very effective is its design, because the 
arteries contained in it are arranged in a looping pattern, allowing a complex system of  
redundancy built into the blood fl ow  [15,91,92]. The circle of  Willis signifi cantly helps 
to prevent certain circulatory conditions from developing within the brain, but several 
conditions such as thrombosis, bleeding or other cerebral vessels abnormalities, may 
have devastating consequences. We have to think about the fact that this circle is often 
not complete and just one third of  the population has it complete [91-93].

Nowadays the majority of  medical treatments and techniques used in patients were 
developed and tested in animals, however, as Kaste and Pound described these 
animal experiments frequently fail to replicate human diseases [96-97]. The diffi culty 
to extrapolate animal experimental results to humans has been described in the 11th 
Century by the Persian polymath Ibn-Sina / Avicena (980-1037) [87,88], and by the 
English poet Alexander Pope (1688-1744) in his quote “the proper study of  mankind 
is man”, published in 1733-1734 in the An Essay on Man [98,99].
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At the time of  comparing animal model results with those observed in humans we 
must bear in mind co-morbidities present in humans and not in animals, and different 
underlying disease / symptoms mechanisms.

The ideal experimental animals to model human diseases / symptoms are those which 
mimic humans from the physiological (metabolic) and pathophysiological point of  
view, in a way that the obtained results from these experiments might be comparable 
with those in humans [1].

In order to understand human diseases, different experimental animal models have 
been designed. However, due to signifi cant differences between animal species and 
humans (i.e., anatomical, physiological, immunological, metabolic, genetic, etc.) the 
obtained results might be different when translating them to humans. This fact is of  
importance when considering successful treatments in animals, because those may fail 
in humans, due to animal adaptability and resistance to biological and physiological 
changes [100]. 

These translation variations might be enhanced in many studies by poor methodological 
design quality, lack of  similarity between clinical trials and animal models, thus causing 
bias when representing adequately human diseases /symptoms [14].

Systematic reviews will provide available evidence data and insights into experimental 
animal limitations, reducing the number of  unnecessary and simultaneous experiments 
(principles of  replacement, reduction and refi nement), improving their methodology 
and validity and so their quality [14,97,100-102].

Additional issues came to surface with the obtained results and these are the Shechita, 
and the Dhabihah ((i.e. Kosher or Halal quality respectively). In our case, all sheep 
survived the absence of  carotid artery blood supply, which implies animal suffering 
during such ritual sacrifi ces. Here, the importance of  the vertebral arteries and the rete 
mirabilis epidurale for animal brain perfusion during these Jewish and Muslim ritual 
sacrifi ces. It was noted that after both carotid arteries were cut, vital EEG activity 
was present in these animals, showing prolonged consciousness, and thus raising 
concerns against such ritual sacrifi ces [103-104]. Scientifi c literature concerning brain 
blood supply, animal pain, time to lose consciousness and subsequent brain failure 
is contradictory, having variations in the case of  the same species and experiments 
[103-110]. For example, according to Daly et al, contribution of  the vertebral arteries 
to the total brain blood fl ow is different between animal species [106,107], whereas 
Nangeroni and Kennett stated that contribution of  the vertebral arteries is not that 
important [104].

It is already known that BCCAL in humans has a mortality rate of  almost 100%. The 
relevance of  animal models to human health is questioned because of  the differences 
between species. It is already known that experimental animal models cannot mimic 
human responses properly.
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Our study adds to this topic the fact that sheep can survive without carotid artery 
supply, which is nearly always lethal in humans. However we acknowledge several 
limitations of  the current study. First, a relatively small number of  used animals and the 
exploratory nature of  this study may decrease its reliability and statistical signifi cance. 
Second, we did not perform any electroencephalograms, cognitive tests, measures of   
blood fl ow, laboratory or diagnostic examinations during the follow up period in order 
to obtain detailed information on sheep reaction to BCCAL. We just relied on clinical 
observation.  Nevertheless, the strength of   our study consist in the fact that there 
were no variations in the animal selection, preoperative and post-operative procedures. 
The follow-up period was established according to human symptoms appearance and 
their latency.

We recommend further studies with particular attention on cerebrovascular research, 
in order to decide which experimental animal is the most convenient to be used.

CONCLUSION

Animal models used for human research still have relevant importance, despite their 
limitations. In the current experiment all animals survived the BCCAL procedure 
without apparent cerebrovascular damage, so it can be assumed that the hemodynamic 
effects of  bilateral common carotid artery ligation in sheep are life compatible, in 
contrast to that observed in humans. Thus, as in previous experiments the author 
carried out, the results suggest that using sheep for cerebrovascular research could not 
be appropriate due to their ischemic tolerance, collateral vessels distribution. 

The important issue at the animal model choice is a good methodological study design 
based on the differences and similarities shown with humans, which helps reducing 
systematic and random errors. It is important to bear in mind that there is no universal 
method that could recreate human diseases perfectly.
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BILATERALNA LIGATURA A. CAROTIS COMMUNIS OVCE. 
DA LI SE OVA ŽIVOTINJA MOŽE KORISTITI KAO HUMANI 
MODEL ZA VASKULARNA I CEREBRALNA ISTRAŽIVANJA?

PODLAHA Jiří, SCHWANHAEUSER Kräuff, KADEŘÁBKOVÁ Tereza

U savremenoj medicini eksperimentalne životinje su i dalje u upotrebi u cilju boljeg ra-
zumevanja fi zioloških i patoloških procesa, ili razvoja savršenijih vaskularnih proteza. 
Iz ovog razloga, eksperimentalne životinje moraju da imaju u određenoj meri sličnosti 
sa ljudima, kako sa anatomskog tako sa fi ziološkog aspekta.

Prilikom razvoja vaskularnih proteza morali smo da izvršimo procenu da li će  graft da 
reaguje na očekivani način i da li postoje faktori koji mogu da utiču na adekvatno funk-
cionisanje vaskularne proteze u ljudskom organizmu. Posmatrali smo posledice bilat-
eralne ligature zajedničke karotidne arterije (BCCAL) kod sedamnest zdravih Merino/
Virtenberg ovaca, starosti od 2 do 4 godine, nakon testiranja novog tipa ARTECOR® 
i ADIPOGRAFT Ra 1vk 7/350 vaskularnih proteza. Nakon perioda praćenja, proteze 
su uklonjene, a snabdevanje mozga krvlju su omogućile vertebralne arterije.

Ovce obe grupe nisu bile žrtvovane već su bile u opservaciji tokom narednih 18 mes-
eci. Nakon perioda opservacije nijedna ovca nije pokazala znake fi zičkih ili neuroloških 
promena. Odgovori životinja na BACCAL su bili različiti u zavisnosti od životinjske 
vrste, starosti i kondicije. Kod ovaca bilateralna blokada protoka krvi u karotidnom 
koritu izgleda moguća obzirom da je mozak bio dovoljno prokrvljen preko vertebral-
nih arterija.


