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Abstract. Background: Current methods for diagnosing cerebral vasospasm (CVS) include 
transcranial Doppler (TCD) ultrasonography and the current gold standard of digital subtraction 
angiography (DSA). The diagnosis of CVS is straightforward, but DSA is limited in its ability to 
quantify cerebral blood flow or the risk of cerebral ischemia leading to stroke. Sensitivity and 
specificity of TCD can vary greatly, depending on the level of experience of the operator. The 
purpose of this study was to explore the result of the multi-slices CT angiography (MSCTA) of the 
rabbit basal artery (BA), and to determine the value of MSCTA in rabbit model of CVS. Methods: 
In this study 25 Japan rabbits were randomly divided into two groups: control (n=5) and 
subarachnoid hemorrhage (SAH) (n=20). A rabbit basilar artery CVS model was developed by 
injection of autologous arterial blood into the cisterna rnagna twice，and non-ionic iodinated 
contrast medium (Omnipaque 350 mgI/mL) was injected through posterior auricular central venous 
puncture at a dosage of 2.6mL/kg weight．High pressure syringe was used at an injection speed of 
0.4 mL/s and CT scan began with a delay time of 15 seconds. BA of the rabbit underwent MSCTA 
by GE Lightspeed pro CT scanner with imaging workstation ADW 4.3 edition. Source images were 
adopted by volume rendering (VR). Results: MSCTA of the rabbit BA were completed in 25 
experiment rabbits, and the corresponding achievement ratio was 100%. The mean transverse 
diameter of basilar artery in the rabbits measured by VR was 1.30 mm. CVS occurred at day 1, and 
reached the peak at day 4．Basilar artery vasospasm was observed to have been improved 
moderately at day 11. Conclusions: MSCTA can directly demonstrate the BA of rabbit and was a 
new tool for evaluation in vivo animal models of CVS. 

Introduction 
The most commonly used and available method of evaluating the degree of vasospasm is the 

conventional cerebral angiography or selective vertebral-basilar artery angiography technique [1]. 
In order to investigate diverse aspects of vasospasm, including its pathogenesis and the effect of 
drug as well as gene therapy, so many different in vitro and in vivo animal models of vasospasm 
have been developed in the domestic and overseas [2-5]. As there is no network between 
intracranial vascular and outside in the rabbit, the level of development of end to end anastomosis 
that in the brain branches of blood vessel observed in the rabbit models are similar to those 
observed in humans [6]. Therefore, rabbits become one of the most common alternative species of 
choice in cerebral vasospasm research. Since cerebral angiography performed on rabbits has certain 
difficulties, the present study was designed to show the basilar artery of the Japanese big-ear rabbit 
by multi-slices CT angiography (MSCTA) technique and thus intended to substitute for the 
production of rabbit model of vertebral - basilar artery angiography. 
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Material and Methods 
Experimental Animals and Grouping. All experiments were performed according to the 

protocol evaluated and approved by the Animal Care and Use Committees at Wenzhou Medical 
University, China. Twenty-five Japanese big-ear rabbits (provided by Laboratory Animal Center of 
Wenzhou Medical University), including both male and female, were from the same general level of 
animal origin with weight of 2.5 to 3.2 kg. Each rabbit was numbered with black paint on the body. 
In this study, the rabbits underwent five times MSCTA before and after the experiment. Five rabbits 
were randomized to be the control group (n=5) in which contrast agent may react on vascular 
stimulation, after the first MSCTA scanning. Others as the subarachnoid hemorrhage (SAH）model 
group (n=20) in which fresh autologous arterial blood was injected into the cisterna magna of  
each rabbit after the first MSCTA30～60 minutes and the second injection was accomplished on 
day 1 (24 h after the first injection), using the same procedure as described above．Then two to five 
MSCTA examinations were performed in both of the two groups on day 1, 4, 7 and 11. 

Methods of SAH Model. The rabbit was fixed on the operating table. The regional hair of the 
neck was sheared, and the skin was sterilized with 75% alcohol or iodine. Each animal in both 
experimental groups was anesthetized with an intramuscular injection of a mixture of ketamine (25 
mg/kg).Sterile scissors were then used to make an incision through the occipital midline. The 
incision was about 2.5cm,by separating the atlantooccipital junction to the fascia, using sharp 
separation. Make sure the chin of the rabbit adduction, so that it could adequate access to 
craniocervical junction. An 18G trocar, at an angle of 30° with the torso, was inserted through the 
skin inferior to the occipital protuberance. When the needle passed into the cisterna magna about 
1cm, slight negative pressure was applied. The needle was kept in place until clear CSF flowing out. 
After the withdrawal of 0.5ml/kg of the cerebrospinal fluid (CSF), 2.5 ml non-heparinized fresh 
autologous auricular arterial blood taken from the central ear artery was injected into the cisterna 
magna by a slow injection. Then pulled out the trocar, sew up the incision after the local 
compression. The animals were then placed in a 30° head-down tilted position for 15 min to ensure 
that the blood spread into the basal cistern. Twenty-four hours after the first SAH, a second one was 
produced in the same manner as the first. 

MSCTA Scanning and Post-processing Technique. All imaging was performed by using a 
LightSpeed multi-slice spiral CT scanner (GE Lightspeed pro). Image acquisition parameters were 
as follows: 120 kVp and 210 mA; 512 × 512 image matrix; 9.6cm field of view; The section 
thickness was 1.25 mm, with a 0.5 mm overlap between successive sections; pitch of 0.562:1,and 
0.8 s gantry rotation time. The scanning range of the rabbit was including entire head cover. The 
post aurem central veins was punctured by 24G trocar. Once the back blood appeared, connected 
the heparin lock and fixed it. Animals were placed in a prone position on the CT machine table. The 
NO.8 needle was used for linking heparin lock and high-pressure syringe. After positioning the 
scanning, non-ionic iodinated contrast medium (Omnipaque 350 mgI/mL) was injected through 
posterior auricular central venous puncture at a dosage of 2.6mL/kg weight．High pressure syringe 
was used at an injection speed of 0.4 mL/s and CT scan began with a delay time of 15 seconds. 
With imaging workstation ADW4.3 edition, source images was adopted by volume rendering(VR). 
In order to distinguish the basilar artery and skull, pseudo-color was used and the VR image could 
be magnified properly. By using VR to measure the diameter of the basilar artery at each time of the 
rabbits and pay more attention to the morphology of comparison. Measurements of basilar artery 
diameter contained within the selected proximal, middle, and distal artery segments, and the inner 
diameter of the basilar artery was calculated from the mean value of the diameters at these 3 
sections. We defined diameter of the basilar artery, which before SAH as the baseline. Similarly, we 
defined diameter of the basilar artery, which after day 1, 4, 7, 11 of SAH as diameter of vasospasm 
artery measured at each time point. According to Liszczak’s standard of evaluating the degree of 
vasospasm severity [4], vasospasm severity were calculated as: VSP = (BAbase -BAmeasured) / 
BAbase×100%, where BAbase is the baseline diameter of  the basilar artery and BAmeasured is 
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the diameter of the basilar artery measured at a specific time. VSP=vasospasm severities percentage. 
We defined 3 categories of vasospasm severity: (1) minimal (vasospasm 10%–20%); (2) moderate 
(vasospasm 20%–30%); and (3) severe (vasospasm ≥30%).The control of the contrast agent also 
accorded to the standard above to obtain the corresponding data. Morphology of basilar arteries 
were observed using VR technique. 

Statistical Analyses. SPSS Version 11.0 (SPSS, Chicago, Ill) was used for analysis. All groups 
of data are expressed by mean ± standard deviation ( sx ± ). The measurement data were compared 
with single factor analysis of variance. Analysis of Ridit was used to compare the degree of 
vasospasm severity of basilar artery between animals before SAH in the control group and animals 
that after 4 days of SAH in the experimental group. With α=0.05 as test level. P values of less than 
0.05 were selected as the levels of significance. 

Results 
 Measurements of MSCTA. All the images of the basilar artery of the 25 experiment rabbits 

were successfully obtained. The transverse diameter of the basilar artery that before SAH was 0.9～
1.7 mm（mean 1.3 mm）based on basilar artery image of the first MSCTA. Compared with the 
control group, change of diameter of  the basilar artery that on day 1 after SAH was not significant 
(P>0.05), however, there was a significant difference in basilar artery diameter between animals on 
day 4, 7, and 11 in the SAH group (P < 0.01), and the change was more apparent at the fourth day. 
(Fig. 1-5, Table 1); In the SAH group of days 4, 4/20 animals had no vasospasm, 4/20 animals had 
minimal vasospasm, 2/20 animals had moderate vasospasm, and 10/20 had severe vasospasm.(Table 
2); There were two experiment rabbits happened to a second vasospasm in the SAH group. In the 
control group, 4/5 animals had no vasospasm, 1/5 animals had minimal vasospasm, no animals had 
moderate or severe vasospasm, while 1 of them happened to continued spasm after 11 days. In 
addition, change of basilar artery rough occurred in 2 animals (animals had no vasospasm in the 
control group) after 11 and 14 days. 

Table 1: SAH group, diameter of basilar artery before and after SAH by VR ( sx ± , mm) 

Time (d) Number (n) Diameter (mm) 
Before SAH 5 1.30±0.40 

Day 1 after SAH 5 1.28±0.36a 
Day4 after SAH 5 0.82±0.24b 
Day7 after SAH 5 0.83±0.20b 

 Day 11 after SAH 5 0.95±0.28b 
Note: --- Single factor analysis of variance, a. Compare with the control group (P>0.05); b. 
Compare with the control group (P<0.01). 

Table 2: SAH group, Ridit analysis of basilar artery vasospasm severity before and after SAH on day 4 

Note:---P<0.05 

 

Groups vasospasm severity(number）  Ridit analysis 
<10% 10%～ 20%～ ≥30% Total ¯R±S¯R ¯R95(confidence interval) 

Before 
SAH 

4 1 0 0 5 0.212±0.052 0.1101～0.3139 

After 
SAH(4d) 

4 4 2 10 20 0.592±0.058 0.4599～0.6863 
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Fig. 1-5.  SAH group , Imaging of rabbit basilar artery before SAH and day 1,4,7,11 after SAH    
Fig.1  Display the normal basilar artery before blood injection(indicated by arrow above);  

Fig.2 Day 1 after SAH, display mild narrowing at superior segment of basilar artery (indicated by arrow above); 
Fig 3 Day 4 after SAH, display significantly narrowing(indicated by arrow above);  

Fig.4 Day 7 after SAH, most of the artery recover(indicated by arrow above);  
Fig.5 Day 11 after SAH, occur a second vasospasm(indicated by arrow above). 

Animal Behavior and Neurological Status. Most of the experiment rabbits in the SAH group 
developed the eye tremor levels and rabid breathing immediately after first injection of blood. The 
rabbits showed mental fatigue, drowsiness, spontaneous activity decreasing, and so was the feeding 
and drinking. They would react to the normal stimulation. Symptoms increased significantly after 
double injection of blood. Two rabbits appeared to mental fatigue, feeding and drinking decreasing 
in the control group (n=5). However, 3 of them had not obviously change in such aspect: 
neurological status and feeding.  

Discussion  
CVS the serious complication of SAH of which incidence is as high as 30%-90% [1, 7-13] and 

50% of the patients with angiographic vasospasm will eventually develop ischemic neurologic 
deficits [14]. Delayed cerebral vasospasm that in large blood  vessels of brain parenchyma outside 
occurs in approximately 70% of SAH survivors after hemorrhage for 4-7days, and the mortality it 
causes is even more than that of aneurysm rupture and rebleeding [9,15] 40% of the patients has no 
symptoms, while 30% of survivors remain the persistent cognitive impairment and focal 
neurological deficits[10,16]. As a result, it becomes a major cause of death and severe disability. 
Hence for years, people have been working on pathology and physiology animal experiment of 
CVS after SAH. At present, the animal model of SAH has already been very mature, but the 
evaluation methodology of CVS had limitations in different degree. By getting tissue from animal 
for pathological examination and measuring diameters of the vessels will directly affect the 
accuracy of the result, as the vessel may get changed during the course of killing animal. Moreover, 
the experiment animal is not recycled.TCD could indirectly detect the spastic of rabbit basilar artery 
by observing the speed of blood, but data stability would be limited. Though DSA is regarded as the 
gold standard assessment for CVS, it is complex and difficult to small animals, like rabbit etc [5-6]. 
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What is more, the same animal is difficult to be done repeated examinations over the long time and 
the change of vasospasm could not be observed dynamically in vivo with a high-mortality. 
Consequently, a more convenient, stable and repeatable method is required to do the animal 
experiment research. According to the result of our study, the success rate of basilar artery imaging 
was 100%, and the rabbits were all alive during the examination by MSCTA. It shows that the 
technique is reliable, and its greatest advantage is that we can observe the change of vasospasm 
dynamically in vivo for the same animal. 

20 rabbits in the SAH group had been done five examinations by MSCTA before SAH and 1, 4, 
7 and 11 days after SAH. According to Liszczak’s standard [4], diameter of basilar artery before 
SAH was defined as the baseline, and then the corresponding diameter after SAH could be used to 
compare with that before SAH. The results of statistical analyses showed that compared with the 
time, before SAH, other time points (except for day 1) were significant different (P<.01), day 4 and 
7 were more apparent. There were differences among day 4, 7 and 11, but this difference was not 
significant (P>0.05). This accorded with pathological process of vessel morphological change after 
vasospasm [11, 17] because the peak of SAH patient with CVS often occurred on day 4-14 after 
bleeding [12, 18-19]. 

Our experiment used VR to measure the rabbit basilar artery. It is VR that gives a particular CT 
voxel corresponding color, brightness, contrast and transparency, artificially changing the brightness 
and contrast. Hence, it can change the contrast between the surrounding and tissue without 
distortion, highlight the shape of the target, and retain all of the original data of the fault. So that 
three levels of the target is richer and form becomes vivid and accurate. In the present study, the 
mean diameter of basilar artery was 1.30mm, which approach to 1.1 mm measured by selective 
vertebra-basilar angiography [1]. 

It’s worth noting that in the control group of our experiment rabbits, one in the late occurred 
moderate vasospasm and lasted to day 11. Whether contrast agents have an impact on the blood 
vessels or not, there are different views on the literature.  Luo’s research [20] indicated that after 
saline, 70% diatrizoate, or Omnipaque or autologous blood plus Omnipaque was injected into 
subarachnoid of the normal and cerebral vasospasm rabbit, each group of intracranial internal 
carotid artery blood flow velocity was no significant difference, and DSA examination was normal. 
In addition, there was also no significant difference if Omnipaque was injected into subarachnoid 
after CVS. Therefore, different types of contrast agents do not cause or aggravate cerebral 
vasospasm. However, Juni et al. [21] held that some patients would result in CVS during brain 
angiography by using Onipaque. Minuk et al. [22] agreed with that contrast agents would make 
endothelial cells shrink, then change the stability of blood-brain barrier and tight junctions of 
endothelial cell. Consequently, contrast agent got into the brain nerve tissue gap, caused a direct 
toxic effect. Unlike the result of Luo zhiyi’s experiment [20], intravascular injection of contrast 
agent could lead to CVS in our research. To Juni [21] and Minuk [22] description, CVS resulted 
from intravascular injection of non-ionic contrast agents. Whether the studies have certain 
comparable and correlation remains to be seen. Furthermore, in our experiment, change of basilar 
artery rough occurred in 2 animals (animals had no vasospasm in the control group) after 11 and 14 
days and 1 of them happened to continued spasm after 11 days, two happened to a second 
vasospasm in the SAH group. Whether the appearances are related to repeated injection of contrast 
agent, is still unknown. In conclusion, our study may be limited by small samples of control group, 
the direct relationship between contrast agents and CVS as well as the indirect relationship among 
other factor cannot be determined. That is, more experiments still have to be established in future. 
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