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Introduction
Occlusion of major blood fl ow to the brain in both 
animals and humans reduces blood pressure (BP) in 
arteries distal to the point of occlusion (Freeman et 
al., 1994). Sheep under ischemia and cerebral circu-
latory arrest without cerebral protection presented 
behavioral and histological impairment (Crittenden 
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Summary
A protocol for cerebral protection without systemic hypothermia to aid the safe, smooth and 
fast recovery of sheep used for the preclinical evaluation of a prosthetic vascular graft  in the 
carotid artery is presented in this study. Ten adult Ramnad white sheep (33.8± 3.2 kg) were 
green grass deprived and anticoagulated from 5 days prior to surgery with aspirin 150 mg and 
clopidogrel 75 mg till the end of the study. Aft er anesthetic premedication and endotracheal 
intubation, the animals were ventilated at the rate of 12 breaths/min and tidal volume of 12 ml/
kg. Ten minutes prior to carotid artery clamping (right unilateral internal carotid artery) which 
was performed aft er heparinisation, pharmacologic mitigation was done for cerebral protection 
with a total dose of thiopentone 50 mg (2.5%), 8 mg dexamethasone, 100 mg hydrocortisone 
and 15 ml (7.5% w/v) sodium bicarbonate as i/v bolus and 250 ml dextran 40 (10% w/v) at 40 
ml/hour as i/v drip. Mean values of arterial pressure and heart rate were 94±16 mmHg and 
88±11 min-1 respectively, over the entire intra operative period. A moderate alkalosis which 
occurred in all animals under anaesthesia was postulated to supplement cerebral protection 
and was corrected by reducing the respiratory rate and tidal volume to 10 breaths/min and 
10ml/kg respectively. Signifi cant variation in pH (p<0.05) was observed at 90, 120, 150 and 180 
minutes aft er induction of anaesthesia. Signifi cant variation in MAP (p<0.05) was observed at 
180 minutes aft er premedication, which was related to alkalosis and resultant hypokalemia and 
was eff ectively corrected with 31±7 meq potassium chloride (40 meq in 500 ml ringer lactate). 
Th e total procedure lasted 126±18 minutes and total unilateral right carotid arterial clamping 
time was 36.7±6.5 minutes. 28±5 minutes aft er spontaneous respiration, the animals were ex-
tubated and moved to the postoperative cage. Th ree doses of nadroparine 3800 IU s/c at 12 
hour intervals were given postoperatively. All animals were free from any neurological defi cits, 
which showed the eff ectiveness of the perioperative protocol encompassing the cerebral protec-
tive medication. 

et al., 1991), and neurological impairment has been 
recorded in dogs (Baumgartner et al., 1999), pigs 
(Midulla et al., 1994) and mice (Smith et al., 1984).

General anesthesia which maintains systolic arterial 
blood pressure within 20-30 mmHg of the baseline 
is recommended for cerebral protection in carot-
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id endarterectomy (Wilson and Hobson II, 2004) 
in humans. Various regimens have been reported 
in animals which include hypothermic circulatory 
arrest (HCA), alpha-stat management where blood 
gases are regulated to create an alkaline pH during 
hypothermia, pH-stat management by incorporat-
ing more CO2 for acidifi cation promoting cerebral 
vasodilatation resulting in “luxury perfusion”, topical 
cooling of brain, retrograde cerebral perfusion and 
pharmacologic strategies to mitigate cerebral injury 
(Juvonen et al., 2000).

Several combinations of pharmacological agents, 
topical cooling, alpha-stat and pH-stat manage-
ments with HCA have been tried in animals for cer-
ebral protection during deprived blood supply to the 
brain with a major limitation that it does not address 
procedures where systemic hypothermia can not be 
instigated. Th e present study involved right unilater-
al internal carotid artery clamping, arterectomy and 
prosthesis without a cardiopulmonary bypass where 
HCA was not possible and for cerebral protection, 
balanced anesthesia and pharmacological mitigation 
were the only measures. A simple protocol encom-
passing cerebral protection without systemic hypo-
thermia, aiding in a safe, smooth and fast recovery 
of sheep used for the preclinical evaluation of a pros-
thetic vascular graft  in the carotid artery, is presented 
in this study.

Th is work focuses on anesthesia, preventive steps to 
be followed during  an easy but eff ective monitoring 
while performing any such experimentation which 
deprives blood fl ow to the brain, and the procedure 
for cerebral protection.  Th is addresses a wider plat-
form of animal experimentation in the area of cere-
bral protection as well as anesthesia.  

Materials and Methods
Th e study group comprised ten adult male Ramnad 
white sheep weighing 33.8 ± 3.2 Kg housed under 
conventional environmental conditions with 12: 12 L: 
D lighting. Care and management of animals were in 
accordance with the recommendations of the Com-
mittee for the Purpose of Control and Supervision 
of Experiments in Animals (CPCSEA) Guidelines, 
Ministry of Environment and Forests, Government 
of India. Experiments were done aft er the review of 
Institutional Animal Ethics committee (IAEC) in the 
Division of In vivo Models and Testing, Sree Chitra 
Tirunal Institute for Medical Sciences and Tech-
nology (SCTIMST), Bio Medical Technology Wing 

(BMT Wing), Th iruvananthapuram, Kerala, India. 
Th e colony was outbred, open colony with animals 
procured from breeders located at Tirunelveli, Tamil 
Nadu, India. Th e animals were let loose daily during 
day time for fi ve hours in a fenced run with watering 
pans and shaded areas to provide shelter in adverse 
climatic conditions. Th e animals were fed daily with a 
compounded ration and paddy straw to meet digest-
ible crude protein and energy requirements with ad 
libitum drinking water.

Pre-conditioning
During the forty fi ve days quarantine period, animals 
were dewormed with 10 mg/kg albendazole orally 
and a clinical and hematological examination was 
done prior to selection for experimentation. Antico-
agulant therapy was done with aspirin 150 mg (Ecos-
pirin 150, USV Ltd., Mumbai, India) and clopidogrel 
75 mg (Clopivas USP, Cipla, India) once daily orally, 
from fi ve days prior to surgery till the end of the 
study period and simultaneously, the animals were 
deprived of green grass. Animals were fasted for 24 
hours and water was withdrawn with oral adminis-
tration of one gram tetracycline, 12 hours prior to 
procedure.

Anesthetic Premedication
Atropine sulphate (Tropine, Neon Lab, Th ane, India) 
was given at 0.1mg/kg;  half of the calculated dose 
was given intramuscularly (i/m) and the remain-
der sub-cutaneously (s/c). Xylazine hydrochloride 
(Xylaxin, Indian Immunologicals, Hyderabad, India) 
0.75 mg/kg i/m was given. Aft er losing the righting 
refl ex, the animals were transferred to the surgical 
table. Keeping the heart rate (HR) and BP as refer-
ence, normal saline (NS) infusion at 5 ml/kg/hour 
was given through the cannulated jugular vein.

Induction of Anesthesia
Th e animals received 2 mg/kg ketamine hydrochlo-
ride (Aneket, Neon Laboratories Limited, Th ane, 
India), 5 mg/kg thiopentone sodium (2.5%) (Th iosol 
sodium, Neon Laboratories Limited, Th ane, India) 
and 0.02 mg/kg pancuronium bromide (Neocuron, 
Neon Laboratories Limited, Th ane, India) intrave-
nously (i/v). With the help of a lubricated (Lignocaine 
gel 2%) custom made stainless steel laryngoscope 
(26mm long),  a 10 mm endotracheal tube (SIMS 
Portex Ltd., Hythe, Kent, UK) was introduced and 
secured in place along with the stomach tube (Quar-
ter inch diameter PVC tube of length 2 meter) by 
tying to the mouth gag. With a preset tidal volume of 
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12 ml/kg, rate of 12 breaths/ minute and 1:1 Oxygen: 
Nitrous oxide ratio, positive pressure ventilation 
(Datex-Ohmeda 7000, Madison, WI, USA) was ini-
tiated. Periodic suction was applied to the stomach 
tube for draining the stomach contents using an elec-
tric suction pump. Th e picture of total surgical set up 
and animal positioning is given in Figure 1. 

mus, USA). Auricular artery was cannulated and 
mean arterial pressure (MAP) was monitored using 
an invasive blood pressure (IBP) machine (Hewl-
ett-Packard GmbH, Germany). Anaerobically, 0.5 ml 
of arterial blood was obtained from the same site at 
30 minute intervals for blood gas analysis (ABL-5, 
Radiometer, Copenhagen, Medical A/S, Denmark).

Complications and Correction
Ectopic ventricular beats observed aft er anesthetic 
premedication were treated with 20 mg Lignocaine 
i/v (Lox 2% injection, Neon Laboratories Limited, 
Th ane, India). Flattening of T- wave and hypoten-
sion observed in hypokalemia was treated with 31 ± 
7 mEq potassium chloride (Potassium hydrochloride 
injection USP, Hindustan pharmaceuticals, Barauni, 
India) aft er mixing 40 mEq in 500 ml ringer lactate 
solution as slow i/v whilst closely watching the ECG. 
Cerebral oedema was treated with 1 g/kg mannitol 
i/v (20%w/v) (20M, Claris Life Sciences Limited, 
Ahmedabad, India). Correction of alkalosis was done 
aft er the completion of graft ing by reducing the res-
piratory rate and tidal volume to 10 breaths / minute 
and 10 ml/kg respectively.

Muscle relaxant reversal and Recovery 
phase 
At the time of skin closure, muscle relaxation was 
reversed with a mixture of 0.05 mg/kg atropine sul-
phate and 0.08 mg/kg neostigmine methyl sulphate 
(Neocuron, Neon Laboratories Limited, Th ane, 
India) i/v. Th e animals were immediately brought 
to sternal recumbency and rewarming was initiated. 
When spontaneous respiration became smooth and 
regular, the animals were weaned from the ventila-
tor. Aft er removing endotracheal and stomach tubes, 
along with SpO2, temperature and E.C.G probes, 
the animals were transferred to a warmer fl oor 
and oxygen delivery was continued with a custom 
made facemask. Th e animals were then moved to a 
post-operative cage as soon as the righting refl exes 
returned and they became fully responsive to exter-
nal stimuli.

Post- operative care
For the fi rst week post operatively, animals were 
housed with another juvenile male or female to 
reduce the stress when housed individually and 
with other experimental animals aft erwards. Anti-
coagulant therapy was continued with three doses of 
nadroparine calcium (Fraxiparine, Glaxosmithkline, 
Mumbai, India) 3800 IU s/c at 12 hour intervals 

Maintenance of anesthesia
Using an i/v fl ow regulation extension set (Medireg, 
Eastern medikit, Gurgaon, India), 500 mg ketamine 
hydrochloride mixed in 250 ml of dextrose normal 
saline was given at 5 mg/kg/hour. Pancuronium bro-
mide 0.01 mg/kg i/v (half the initial dose) was repeat-
ed at every 45 minutes. A total dose of 325 ± 16 mg 
ketamine and 0.71 ± 0.06 mg pancuronium was used 
in animals during the maintenance of anesthesia.

Pharmacologic Mitigation
During the dissection, 1 to 2 ml lignocaine 2% solu-
tion was instilled over the carotid sheath to avoid 
vagal stimulation. Heparin (Nuparin, Troikaa, Guja-
rat, India) 1.5 mg/kg i/v was given ten minutes prior 
to carotid clamping, and a total dose of 50 mg thio-
pentone sodium (2.5%), 8 mg dexamethasone (Dex-
asone, Cadila, Ahmedabad, India), 100 mg hydro-
cortisone (hydrocortisone, Troikaa, Gujarat, India) 
and 15 ml sodium bicarbonate (7.5%w/v) (Sodium 
bicarbonate BP, Troikaa, Gujarat, India) was given as 
an i/v bolus. Dextran 40 (10% w/v) (Microspan-40, 
Claris Life Sciences Limited, Ahmedabad, India) 250 
ml at 40 ml/hour was administered as i/v infusion.

Monitoring of Clinical parameters
Electrocardiogram (E.C.G) (3-Lead system), heart 
rate (HR), SpO2, and body temperature were mon-
itored intraoperatively using a plethismography 
monitor (Passport Datascope Corporation, Para-
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postoperatively. Postoperative antibiotic and analge-
sic therapy was given with 1g streptomycin, 600,000 
IU procaine penicillin and 200,000 IU of penicillin 
G sodium (Dicrysticin-DS) and paracetamol (10 mg/
kg) i/m twice daily for fi ve days. Indirect assessment 
of the central nervous system was done by monitor-
ing the state of consciousness, body temperature, pat-
terns of breathing, menace refl ex, feeding and drink-
ing and patency of the arterial graft  was monitored 
using an ultrasound doppler machine (Sonydop, 
Electronic Engineering Corporation, India) daily for 
the fi rst week postoperatively. Angiographic patency 
was assessed in all the animals at the end of the trial 
using a digital fl uoroscopic C-arm (Power Mobil, Sie-
mens, Germany).

Analysis of Data
Data are expressed as mean ± standard deviation 
(SD). Paired, two-tailed Student’s t-test was applied 
to compare MAP, HR and pH between various time 
points intraoperatively within groups. A value of 
P<0.05 was considered as statistically signifi cant.

Results
All the animals were free from any neurological defi -
cits and could complete their designated period of 
implantation without any complications. Th is indi-
cated that the perioperative protocol encompass-
ing the cerebral protective medication was eff ective 
when performing a vascular graft  in sheep carotid 
artery. Doppler analysis revealed that there was no 
carotid obliteration during the fi rst week postoper-
atively. Th e angiogram of one animal at end of the 
study period is shown in Figure 2. Th is demonstrates 
partial occlusion at anastamosis of the test graft .

Th ere existed a practical diffi  culty in obtaining MAP, 
HR and blood gas from the animals prior to pre-
medication. Th e intra-operative MAP, HR and pH 
was compared with the initial values obtained aft er 
premedication. Mean values of MAP and HR were 
94±16 mmHg and 88±11 min -1 respectively, over 

the entire intra-operative period. A moderate alkalo-
sis was recorded in all the animals under anaesthe-
sia, with alterations in arterial blood pH, pO2 and 
pCO2 values (7.48± 0.06, 180± 36 mmHg and 31± 
5.3 mmHg respectively). Signifi cant variation in pH 
(p<0.05) was observed at 90, 120, 150 and 180 min-
utes aft er induction of anaesthesia (Table II).

Ectopic ventricular beats observed in one subject 
aft er 22 minutes of anesthetic premedication was 
eff ectively treated. Hypokalemia with hypotension 
observed in fi ve animals, among which one showed 
T-wave fl attening aft er completion of the skin sutur-
ing, and cerebral oedema observed in four animals 
was eff ectively corrected. Signifi cant variation in 
MAP (p<0.05) was observed at 180 minutes aft er 
premedication (Table I), which was related to alkalo-
sis and resultant hypokalemia.

Th e total procedure took 126±18 minutes from 
pre-anesthetic medication to the last skin suture. 
Th e carotid artery aft er resection and prosthetic graft  
anastamosis in situ is shown in Figure 3.  Total unilat-
eral right carotid arterial clamping time was 36.7±6.5 
minutes. Aft er muscle relaxant reversal, pedal refl ex 
was regained in 34 ±6 minutes and in 65±11 minutes 
spontaneous respiration was restored. In 28±5 min-
utes aft er spontaneous respiration, the animals were 
extubated and shift ed to their respective postopera-
tive cages.
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 Table I. Physiological parameters monitored during anesthesia and recovery phase (MeanSD)

Time in minutes aft er premedication 30 60 90 120 150 180 210
Heart Rate (beats/min) 9014 8721 855 924 8810 868 884
Invasive Blood Pressure
(MAP in mm of Hg)

10714 10411 9621 9818 9013 818* 927

Body Temperature ( oC) 38.00.4 37.70.6 36.70.5 36.40.4 36.90.7 37.10.5 38.20.2
SpO2 (%) 972 945 964 936 848 924 924

(*Signifi cant diff erence when compared with initial value p<0.05)
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Discussion
Th e Institutional Animal Ethics Committee consti-
tuted as per CPCSEA norms of Ministry of Environ-
ments and Forests, Government of India as well as 
other animal research guidelines states that ill eff ects 
expected due to well documented protocols and pro-
cedures as well as treatments shall be avoided if it is 
likely to cause an adverse eff ect in experimental ani-
mals. Since the neurological adverse eff ects in sheep 
due to circulatory loss are well documented, for the 
welfare of laboratory animals, we have avoided using 
controls in this study. Further, many citations are 
made showing adverse cerebral events in laboratory 
animals undergoing surgeries that deprive blood fl ow 
to cerebrum. 

Balanced anaesthesia (Whelan and Flecknell, 1992) 
was selected which could provide minimum varia-
tions in cardiovascular functions and the dosage of 
each component was adjusted to give this result.

Ketamine is a well known nociceptive agent (Johnson 
et al., 1999) and its combinations were found eff ec-
tive (Ewing, 1990) in small ruminants. Sympatho-ad-
renal activation by ketamine is well documented, and 
increased cardiac output, raised vasomotor tone and 
tachycardia is attributable to this property (Brander 
et al., 1991). Th ese advantages of ketamine made it 
the drug of choice in this study. Further, only 2 mg/kg 
was used for induction and 5 mg/kg/hour for mainte-
nance and at these dosages, tachycardia and negative 
inotropic action (Brander et al., 1991) which are the 
direct eff ects of this drug on the heart and blood ves-
sels were not present. Impairment of cardiovascular 
functions was reported for halothane (Taylor, 1998). 
Decreased cardiac output (Lin et al., 1997) and signif-
icant alterations in heart rate by propofol (Runciman 
et al., 1990) and hypotension by isofl uorane (Taylor, 
1990) anesthesia are salient features in animals.

Th e dose of thiopentone sodium for induction was 
reduced by using pancuronium and ketamine to 
prevent hypotension (Taylor, 1999) reduced cere-
bral blood fl ow (Upton and Ludbrook, 1999) and 
decreased cardiac output and stroke volume (Hall 
et al., 2000); this combination gave adequate muscle 
relaxation and apnoea for smooth endotracheal intu-
bation. Th e dosage scheme of atropine in the present 
study was diff erent to the dose and route mentioned 
by Holmberg and Olsen (1987), but was eff ective in 
counteracting the cardio-suppressive action of xyla-
zine and producing prolonged anti-sialogogic eff ects 
against xylazine and ketamine. In addition xylazine 
at this dose avoided adverse eff ects on the cardiovas-
cular system (Hall et al., 2000) and aided in smooth 
recovery without any episodes of excitation as report-
ed in ketamine anesthesia (Brander et al., 1991).  
One third of the dose of pancuronium prescribed 
for simple stomached animals (Brander et al., 1991) 
was used in sheep to avoid circulatory side eff ects by 
inhibiting neuronal reuptake of noradrenalin. Th e 
dosage used during this work for muscle relaxant 
reversal diff ered from the dose mentioned by Brand-
er et al. (1991) but was found to be very eff ective.

Th iopentone can be used as cerebral protective med-
ication in procedures depriving blood fl ow to the 
brain (Juvonen, 2000). Siegman et al. (1992) used a 
bolus of sodium thiopental (40 mg/kg) during bypass 
at 37 °C followed by an infusion of 3.3 mg/kg/min 
until hypothermic arrest in sheep. Hypotension is a 
major draw back associated with the use of thiopen-
tone during cerebral protection (Juvonen, 2000). In 
the present study, thiopentone was used eff ectively 
without any adverse eff ects on cardiovascular func-
tion and was accompanied with corticosteroids and 
dextran 40 to avoid hypotension or shock. Sodium 
bicarbonate helps in maintaining an alkaline pH 
which is advantageous for cerebral protection. 
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Table II. Blood gas values obtained periodically intra-operatively for analysis and correction (MeanSD)

Time in Minutes aft er 
premedication

60 90 120 150 180 210

pH 7.430.05 7.520.08* 7.520.06* 7.490.05* 7.490.05* 7.410.02
pCo2 (mm of Hg) 323 284 304 325 325 281
pO2 (mm of Hg) 108.48.2 168.621.5 179.223.7 165.47.5 122.49.4 1066.2
HCO3–  (mEq) 20.60.57 250.82 24.50.12 231.46 230.32 21.12.82
Acid Base Excess (mmol/L) –31 0 21 0 0 24
K+ (mEq) 3.20.06 - - - 2.40.12 3.40.09

(*Signifi cant changes in pH when compared with initial value p<0.05)
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For cerebral protection, blood gases are regulated to 
maintain an alkaline pH so that cerebral autoregu-
lation is well preserved with diminishing cerebral 
oxygen requirements (Juvonen et al., 2000). In the 
present study, even with a lower tidal volume com-
pared with 15 ml/kg in calves (Wilson et al., 2000), 
alkalosis was present intraoperatively. In a simi-
lar study of carotid artery translocation in goats by 
Carroll et al. (1998), results on HR, MAP and body 
temperature were comparable with the present study 
except that they reported acidosis. Our fi ndings were 
in contradiction to the previously observed respira-
tory acidosis in Ketamine and Tiletamine combina-
tions (Howard et al., 1990) and the fi nding of Green 
(1979) that pre-operative fasting may produce met-
abolic acidosis and hypoglycemia. Alkalosis which 
was advantageous for cerebral protection intraoper-
atively was controlled by reduced ventilation param-
eters in the recovery phase. Animals were transferred 
from lateral to sternal recumbency in the recovery 
phase which also aided in return of blood pH to 
normal levels as previously reported by Fujimoto and 
Lenehan (1985) and Lin et al. (1993).

Hypokalemia and associated hypotension (Muir 
et al., 1990), resulting from respiratory alkalosis as 
reported by Hassan et al. (1979), was eff ectively treat-
ed with 40mEq potassium chloride i/v which was 
in contrast to the higher dosage of 80 mEq given by 
Holmberg and Olsen (1987). T-wave fl attening was 
attributable to hypokalemia. Even though ketamine 
has antiarrhythmic properties (Brander et al., 1991), 
a case of ventricular ectopic beats was eff ectively 
treated with lidocaine without convulsions as report-
ed in cats and dogs (Gillis et al., 1973).

Even aft er a longer duration of fasting, Wilson et al. 
(2000) reported occasional gastric tube blockage with 
feed material which stopped draining and resulted in 
bloat in calves. No perioperative complications were 
observed in the present study which featured 24 hour 
fasting, tetracycline administration, water withdraw-
al, anticoagulation combined with supplementation 
of straw instead of green grass to avoid the clotting 
factor vitamin K and reducing stress by providing a 
juvenile companion. 

In human patients, carotid clamping induced neu-
rological and cardiovascular adverse eff ects, loss 
of consciousness, and confusion (Callow, 2004 and 
Robicsek, 1982). However, the evaluation of cerebral 
function can not guarantee that no signifi cant chang-
es in intellectual functions have occurred in animals 

(Juvonen et al., 2000). Since most of the quasi physi-
ologic measuring of cerebral perfusion and oxygena-
tion are unreliable and cumbersome, (Callow, 2004) 
indirect assessment of the CNS was done by close  
observation of the general pattern of behavior spe-
cifi c to the species. Th e state of consciousness, pat-
terns of breathing, refl ex/reactivity and size of pupils, 
occular movements, skeletal musculomotor respons-
es and refl exes were observed to indicate the normal 
neurological state of the animal. Proprioceptive and 
motor system evaluations were made by observa-
tion of smooth gait, stance, normal positioning of 
the limbs with normal strength in all the animals 
as suggested by Fenner (2000). Th ese together with 
noninvasive Doppler study and fi nal angiogram gave 
an estimate of cerebral perfusion and adequacy of the 
protocol.

Th is (Fenner, 2000) is a well established and docu-
mented method for clinically assessing the neurolog-
ical symptoms of an animal. Boltze et al, 2008 used 
a scoring system, which measures several parameters 
to assess the neurological defi cits of sheep, and in our 
work, we have assessed clinically the same parame-
ters but as described by Fenner (2000).  State of activ-
ity, torticollis, carpus and fetlock position in partial 
fl exion, ataxia, circling, right hemistanding reaction, 
right hopping reaction and wheel barrowing were the 
terms used for analysis of sheep neurological defi cits 
by Boltze et al 2008.

In our work, we used a clinical assessment of neu-
rological symptoms as described by Fenner (2000) 
and assessed proprioception  with motor system 
assessments which covered torticollis, ataxia, circling 
and right hemistanding. Gait analysis with normal 
positioning of limbs was done to detect if there were 
adverse eff ects on fetlock or carpal positioning. Th is 
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is a well established system of clinical assessment 
which was useful in our work as well.

Selection of an appropriate regime for anaesthesia, 
anticoagulation, maintaining BP and HR within a 
normal range throughout the study and pharmaco-
logic mitigation during the clamping procedure with 
perioperative management resulted in a successful 
study in the sheep model. Alkaline pH was useful 
for the procedure. Meticulous operative technique, 
removal of all debris, copious heparinised fl ushing 
and retrograde bleeding of internal carotid artery to 
remove the particulate debris eliminated any remain-
ing chances for cranial embolisation and aided in an 
eventless recovery in sheep. 
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