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A non-traumatic approach to ventral subarachnoid space
near circle of Willis
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A non-traumatic approach to the subarachnoid space near the circle of Willis is demonstrated in this study. The approach is made
between the olfactory bulb and frontal lobe. Following perfusion with Evans blue dye no leakage was observed into the parenchyma
indicating no tissue damage had occurred. No gross bleeding or cerebral vasospasm was visible in the middle meningeal artery
(dural), the surface pial blood vessels and the vessels of the circle of Willis. In conclusion. this technique can be successfully used for
studies on experimental subarachnoid hemorrhage simulated on the ventral aspect of the brain near the circle of Willis without
causing technique-associated cerebrovascular and parenchymal injury.

Introduction

In order to simulate a subarachnoid hemor-
rhage (SAH) in laboratory animals, the techniques
employed have introduced blood in the sub-
arachnoid space over the parietal (Hawkins and
Clower, 1971) parieto-occipital (Estanol et al.,
1977), occipital (Offerhaus and Van Gool, 1969)
regions and in the cisterna magna (Pickard and
Perry, 1984; Uemura et al., 1986). Radio opaque
catheters have also been used (Estanol et al., 1977).
The approach to the circle of Willis which is often
the site of berry aneurysms has been transorbital
through the optic foramen (Clower et al., 1980)
and through a hole in the midline of the skull of
the Rhesus monkey cephalad to the nasion, di-
recting blood along the floor of the anterior fossa
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under the area of the circle of Willis (Mclntyre et
al., 1971). Another approach to the ventral sub-
arachnoid space has been to inject blood via a
cannula that was led alongside the left lateral
surface of the brain towards the circle of Willis
(Lacy and Earle, 1983). However, none of the
studies have explored the possibility that cerebro-
vascular and parenchymal injury may occur due to
the technique itself, especially in studies where
SAH is simulated under the ventral surface of the
brain near the circle of Willis.

This study demonstrates cannulation of the
ventral subarachnoid space near the circle of Wil-
lis which can be done without causing acute
cerebrovascular and parenchymal injury.

Materials and Methods

Ten Wistar—Kyoto rats weighing between 350
and 400 g each were anesthetized with 40 mg/kg
ketamine given i.m. Each animal was placed in a
stereotaxic apparatus and a 1 mm burr hole was
drilled in the left frontal bone at its widest point
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Fig. 1. Rat skull showing position of burr hole (A) at widest point in left lateral frontal bone through which silastic tubing (B) is
introduced into subarachnoid space.

Fig. 2. Rat brain showing position of the space between junction of olfactory lobe and frontal lobe (A) on the left side through which
silastic tubing (B) is passing.

Fig. 3. Left lateral aspect of rat brain showing where tip of cannula (A) rests in subarachnoid space near circle of Willis as seen

through a tear in dura mater (B). Route of cannula (C) in subarachnoid space seen through overlying dura mater. No vasoconstriction

in middle cerebral artery (D) and no leakage of Evans blue is visible in brain parenchyma. Tortuous course of middle meningeal
artery (E) which appears patent in dura mater.



as shown in Fig. 1. The position of the burr hole
was approximately 10 mm anterior to the interau-
ral line on the dorsal surface of the skull. The hole
was approximately 3.4 mm lateral to the mid-
sagittal line. The position of the hole corresponds
to the junction of the olfactory lobe and the
frontal lobe (Fig. 2). Approximately 1.6 cm was
marked on a 15 cm long piece of silastic tubing of
0.02 inch id. and 0.037 inch o.d. The silastic
tubing was manually directed through the burr
hole (Fig. 1) between the junction of the olfactory
lobe and frontal lobe (Fig. 2), pushed to the base
of the skull (Fig. 3) and then maneuvered post-
eromedially towards the circle of Willis (Fig. 3) till

Fig. 4. No leakage of Evans blue dye is visible on ventral

aspect of brain following cannulation of ventral subarachnoid

space. Vessels of the circle of Willis are symmetrically filled

with opaque marker on both sides. Arrow points to cut end of

left internal carotid artery which appears similar in contour to
the right side.
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1.6 cm of the tubing had been pushed in. Im-
mediately following cannulation 1 ml of 2% Evans
blue was injected through the femoral vein and
allowed to circulate for 20 min. The brains were
then fixed with aldehyde by perfusion through the
left ventricle with an 18-gauge needle and the
vasculature was infused with an opaque marker
medium to fill the arterial bed as previously de-
scribed (Jokelainen et al., 1980) using a Harvard
pump to maintain normal physiological pressure.

Results

On necropsy the tip of the cannula was identi-
fied under the circle of Willis in 7 out of 10
animals. Of the remaining 3 animals, the tip of the
cannula had entered brain tissue in one animal
and had turned towards the orbit in the other two
animals. Although the cannula had been closely
applied to the left lateral surface of the skull, no
leakage of Evans blue, no bleeding and no vaso-
spasm was observed on the left lateral surface of
the brain (Fig. 3) along the cannulation route. The
vessels of the circle of Willis also showed no focal
vasospasm on the left side (Fig. 4).

Discussion

The technique demonstrated in this study takes
advantage of the widest part of the frontal bone as
an external landmark for making a burr hole, and
the space between the olfactory lobe and frontal
lobe for passage of the silastic tubing. The inner
left lateral surface of the skull is used for guidance
of the cannula till it touches the base of the skull.
The remaining part of the procedure, i.e. guiding
the cannula posteromedially towards the circle of
Willis is aided immensely by bearing in mind the
position of the circle of Willis in relationship to
the burr hole.

This technique can be useful for simulating the
rupture of a berry aneurysm near the circle of
Willis and for experimental studies of associated
problems, namely electrocardiographic abnormali-
ties (Lacy and Earle, 1983), myocardial damage
(Hawkins and Clower, 1971), reactivity of cerebral
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vessels (Pickard and Perry, 1984; Uemura et al.,
1986), morphological changes in cerebral vessels
(Liszczak et al.,, 1984; Pickard and Perry, 1984,
Takemae, 1984), cerebral vasospasm (Symon,
1971), hypothalamic lesions (Crompton, 1963),
cerebral infarction (Crompton, 1964), and the role
of possible risk factors, e.g. diabetes mellitus
(Kurtzke, 1983) with regard to a subarachnoid
hemorrhage.
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