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SUM M ARY

This experimental vasospasm model was made by 
giving the autologous blood into the cisterna magna. 
Later Nimodipine (ND) was administered by 
intracisternal or subcutaneous (s.c.) way in defined 
times. After that, in the light microscopic examination, 
the wall thickness (W), lumen (L) and diameter (D) of 
basilar artery were measured and diameter/wall 
thickness (D/W), diameter/lumen (D/L) ratios were 
studied and compared with control group with SAH.

In the first group, intracisternal ND was administered 
immediately after experimental SAH, ND doses were
10 pg/kg (n: 5), 20 pg/kg (n:4), and 50 pg/kg (n:5). 
There was no significant difference in the 
measurements between study group and control (n:
9). In the second group which received s.c. 100 pg/kg 
t.i.d. for 72 hours, the wall thickness significantly 
decreased when compared to control group (p<0.01) 
but the other parameters did not change.

The double-hemorrhage group which received same
dose (100 pg/kg) of ND showed significant increase 
in the D/W ratio when compared to matching control 
group (p<0.01). But there was no change in other 
parameters.

Electron microscopy was made only in rats with SAH 
taking 100 pg/kg t.i.d. ND for 72 hours. Ultrastructural 
changes were endothelial changes, subendothelial 
blebs, corrugation of lamina elastica interna, 
endothelial denudation and intracytoplasmic vacuoles 
in both control group with SAH and ND receiving 
ones. Intracytoplasmic smooth-muscle vacuoles were 
less prominent in the rats receiving ND.

These findings may indicate that ND shows its 
effectiveness on experimental vasospasm by 
decreasing the wall thickness and preventing some 
morphologic and ultrastructural changes.
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IN TR O D U C TIO N

Vasospasm is a serious complication associated with 
subarachnoid hemorrhage (SAH) (1). The 
pathogenesis of cerebral vasospasm following 
aneurysmal SAH has not yet been fully clarified (2). 
Animal studies had demostrated the ability of calcium 
channel blockers (CCBs) to prevent experimental 
cerebral vasoconstriction induced by various agents 
such as serotoin phenylephrine, potassium chloride, 
carbocyclic tromboxane A2, ATP and caffeine (3,4).

As a result of the cerebral vasodilator effect of CCBs, 
increased regional cerebral blood flow and increased 
cerebral venous outflow were demonstrated in 
animals (3). Subsequent studies in dogs showed that 
CCBs were effective in preventing and reversing 
SAH- induced acute vasospasm (5).

CCBs, cause vasodilation by preventing the influx of 
extracellular calcium into vascular smooth muscle 
cells. Clinical and experimental studies indicate that 
CCBs are effective in the treatment of cerebral 
ischemia after SAH (5,7-9).

However the appearance and severity of late 
angiographic vasospasm did not seem to be affected 
by CCBs (7,10,11).

Numerous studies have shown morphological 
changes in human cerebral arteries at autopsy in 
animal models after experimental SAH (12-14).

Electron microscopy showed marked changes such 
as endothelial swelling, sub endothelial proliferation, 
corrugation of the elastic lamina and myonecrosis, 
both placebo and nimodipine group in vasospasm. 
The pathological findings of vessels were considered 
to be slightly less severe in the nimodipine group 
(15).

In this study the effectiveness of ND was investigated 
by morphometric and ultrastructural studies of basilar 
artery in rats.
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M ATER IALS AND  M ETHOD

In this study we used on average weight of 220 gr. 
white, male, wistar rats. This experimental 
vasospasm model was made by giving 0.1 ml autolo
gous blood from venous vessel of tail into the 
cisterna magna after penthotal anaesthesia. Later 
ND was administered by intracisternal or 
subcutaneous way in defined times. After that, in the 
light microscopic examination, the wall thickness, 
lumen and diameter of basilar artery were measured 
and diameter / wall thickness (D/W), diameter / 
lumen (D/L) rations were studied and compared with 
control group with SAH (Fig. 1).

In the first group, intracisternal ND was administered 
immediately after experimental SAH. ND doses were
10 pgr/kg (n:5), 20 pgr/kg (n:4) and 50pgr/kg (n:5), 
second group consists of five rats that received ND
sc, 100 pgr/kg, tid for 72 hours. The double
hemorrhage group which received the same dose
(100 pgr/kg) of ND was the third one.

Electron microscopy was made only in rats with SAH 
taking ND 100 pgr/kg tid for 72 hours (n: 4).

Fig 1. Photomicrograph of transverse section of the 
basilar artery

Electronmicroscopic study was made at the istanbul 
University Medical Faculty, Histology and Embriology 
Department by using Zeiss EM 9 transmission.

R ESU LTS

In the first group, there was no significant difference 
in the measurements between control group and 
study group (p>0.05). In the second group, the wall

thickness (W: 0.093 mm) significantly decreased 
when compared to control group (W: 0.116 mm) 
(p<0.01), but the other parameters have not changed 
(p>0.05). The double hemorrhage group (D/W: 4.852 
mm) showed significant increase in the D/W ratio 
when compared to matching control group (D/W : 
3.580 mm) (p<0.05) but there was no change in other 
parameters (p>0.05).

Ultrastructural changes were endothelial changes, 
subendothelial blebs, corrugation of lamina elastica

Fig 2. Electronmicrograph showing endothelial de
nudation, swelling, intracytoplasmic smooth- 
muscle vacuoles (control) 1850 x 1.2

Fig 3. Electronmicrograph showing corrigation of 
lamina elastica interna, subendothelial blebs 
and vacuoles (Nimodipine group) 1850x1.2
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interna, endothelial denudation and intracytoplasmic 
vacuoles in both control groups (n:4) with SAH and 
receiving ND ones intracytoplasmic smooth muscle 
vacuoles were less prominent in the rats receiving 
ND (Figure 2-3).

D IS C U S S IO N

Vasospasm is generally observed by angiogram 
which has unsatisfactory resolution for arteries
having an inner diameter of < 200 pm (1).

The incidence of angiographic vasospasm has been 
reported to be as high as 50-70% with 20-30% of 
these patients developing clinical ischemic symptoms 
"Symptomatic Vasospasm" and approximately 15% 
of patients dying or becoming permanently disabled 
(16).

The blood injections give rise to angiographically 
visible constriction of the major brain vessels, 
associated with a decrease In CBF. Also the oxygen 
consumption of the brain is reduced to a 
corresponding degree. Infusion of nimodipine 
increased CBF by 25% above baseline values after 
the cisternal blood injection (17).

Nosko et al have shown that ND causes varying 
degrees of vasodilation when applied to the basilar 
artery of dog, monkey and man (18).

In our study, in the first group there was no significant 
difference in the measurements between study group 
and control. In the second group the wall thickness 
significantly decreased, but the other parameters 
have not changed. The double- hemorrhage group 
showed significant increase in the D/W ratio, but 
there was no change in other parameters.

Decreasing of the wall thickness and increasing of 
D/W ratios by vasodilatory affect of ND have been 
considered.

CCBs may have a greater effect on intracerebral 
penetrating arterioles than on angiographically visible 
larger arteries (19). The incidence and severity of late 
angiographic vasospasm was not obviously reduced 
with ND treatment. There is no absolute correlation 
between delayed angiographic spasm and symptoms 
of late cerebral ischemia.

These data provide a possible explanation for the 
apparent disparity between clinical efficacy and 
angiographically determined vessel diameter when 
patients with cerebral vasospasm are treated with 
CCBs (10).

The luminal narrowing seen angiographically in SAH 
patients is due not merely to contraction of smooth 
muscle cells but also to various histological changes 
such as cellulofibrous thickening of the intima, 
subendothelial proliferation and organization of 
luminal trombus (12,20).

Hughes and other investigators found that the 
magnitude of structural and morphological changes 
in the arterial wall was related to lapse of time after 
SAH. Early changes were swelling of the 
endothelium with areas of displacement from 
basement membrane, migration of smooth muscle 
cells to the subendothelium, fragmentation and 
corrugation of the internal elastica, swelling and 
necrosis of smooth muscle cells and an inflammatory 
reaction of the adventitia containing lymphocytes, 
plasma cells and macrophages (13).

Electron microscopy showed vacuolization and 
fibrosis of the media and some areas of myonecrosis, 
the elastic lamina was more dense than normal and 
the endothelial cells looked rounded (21). Other 
studies showed necrosis, vacuolization and widening 
of the interstitial space of the media. They also 
described vacuoles and dense bodies in endothelial 
cells, detached endothelium and thickening of the 
intima (22,23).

Espinosa et al, showed marked changes such as 
endothelial swelling, subendothelial proliferation, 
corrugation of the elastic lamina and myonecrosis. 
The pathological findings of vessels in spasm were 
considered to be slightly less severe In the ND group 
(15).

In our study, ultrastructural changes were endothelial 
changes, subendothelial blebs, corrugation of lamina 
elastica interna, endothelial denudation and 
Intracytoplasmic vacuoles in both control groups with 
SAH and ND receiving ones. Intracytoplasmic smo
oth muscle vacuoles were less prominent in the rats 
receiving ND.

Our findings are similar to those described in the 
literature. These findings may indicate that ND shows 
its effectiveness on experimental vasospasm by 
decreasing the wall thickness and preventing some 
morphologic and ultrastructural changes.

R E F E R E N C E S

1. nihei fl, Kasscll nE, Dougherty DA, Sasaki T. Does 
vasospasm occur in small plal arteries and 
arterioles o f rabbits? Stroke 1991; 22: 1419- 
1425.

2. Ohkuma 11, Suziki S, Kimura M, Sobata E. Role ol 
plate let function in symptomatic cerebral 
vasospasm following aneurysmal subarachnoid 
hemorrhage. Stroke 1991; 22: 854-859.

3. Kazda S, Towart 8. nimodipine: A new calcium 
antagonistic  drug with a p re fe ren tia l 
cerebrovascular action. Acta neurochir (Wien) 
1982; 63: 259-265.

4. Towart R, Perzborn E. nimodipine inhibits car- 
bocyclic thromboxane- induced contractions ol 
cerebral arteries. Eur J Pharmacol 1981; 69: 213- 
215.

5. Allen OS. Role o f calcium antagonists In cerebral 
arterial spasm. Am J Cardiol 1985; 55: 149B- 
153B.

147



Marmara Medical Journal Volume 5 No: 4 October 1992

6. Allen OS, Ahn MS, Preziosi TJ. Battye R et al. 
Cerebral arterial spasm-a controlled trial ol 
nimodlpine in patients with subarachnoid 
hemorrhage. N Engl J Med 1983; 308: 619-624.

7. Auer LM. Oberbauer RW. Schalk MW. human pial 
vascular reactions to intravenous nimodipine- 
infusion during EC-IC bypass surgery. Stroke 
1983; 14: 210-223.

8. Espinoza E, Weir B, Overton T, Castor W, et al. A 
randomized placebo-controlled double-blind trial 
o f nimodlpine after SAM in monkeys. Part 1: 
Clinical and radiological findings. J Neurosurg 
1984: 60: 1167-1175.

9. Takayasu M, Suziki Y. Shibuya M, et al. The effects 
of MA compound calcium antagonists on delayed 
cerebral vasospasm in dogs. J Neurosurg 1986; 
65: 80-85.

10. Ljunggren B, Brandt L, Saveland M, et al. Outcome 
in 60 consecutive patients treated with early 
aneurysm operation and intravenous nimodipine. 
J Neurosurg 1984; 61: 864-873.

11. Nosko M. Weir B, Krueger C. Cod D. et al. 
Nimodipine and cronic vasospasm in monkeys 
Part 1. Clinical and radiological findings. 
Neurosurgery 1965; 16: 129-136.

12. Convay LW. Me Donald LW. Structural changes ol 
the intradural arteries following subarachnoid 
hemorrhage. J Neurosurg 1972; 37: 715-723.

13. Mughes JT, Schianchi PM. Cerebral artery spasm. 
A histological study at necropsy o f the blood ves
sels In cases o f subarachnoid hemorrhage. J 
Neurosurg 1978; 48: 515-525.

14. Yamashima T, Yamamato S. Cerebral arterial 
pathology in experim ental subarachnoid  
hemorrhage. J Neurosurg 1983; 58: 843-850.

15. Espinoza P, Weir B, Shnitka T. Overton T, Boisvert

D. A randomized placebo-controlled double-blind 
trial o f nimodipine after SAM in monkeys. Part 2: 
Pathological findings. J Neurosurg 1984; 60: 
1176-1185.

16. Saito /, Ueda Y. Sano K. Significance ol 
vasospasm in the treatm ent o f ruptured  
intracranial aneurysms. J Neurosurg 1977; 47: 
412-429.

17. Sahlin C, Delgado T, Owman C, Suendgaard NA. 
Changes in cerebral blood flow and metabolism 
following intraarterial or local administration ol 
nimodipine, before and after experimental 
subarachnoid hemorrhage in baboons. Stroke 
1986; 17 (2): 220-224.

18. Nosko M, Krueger CA. Weir BKA et al. Effects ol 
nimodipine on in vitro contractility o f cerebral 
arteries o f dog, monkey and man. J Neurosurg 
1986; 65: 376-381.

19. Takayasu M.Bassett JE. Dacey RO. Effects ol 
calcium antagonists on intracerebral penetrating 
arterioles in rats. J Neurosurg 1988; 69: 104-109.

20. Mizukami M, Km M, Araki O. et al. Is angiographic 
spasm real spasm? Acta Neurochir 1976; 34: 247- 
259.

21. Pein JM, Plor IVS, Cohan SL et al. Sequential 
changes of vascular ultrastructure in experimental 
cerebral vasospasm myonecrosis o f subarachnoid 
arteries. J Neurosurg 1974; 41: 49-58.

22. Tani E. Yamagata S, Ito Y. Intracellular granules 
and vesicles in prolonged cerebral vasospasm. J 
Neurosurg 1978; 48: 179-189.

23. Tanebe Y. Sakata K, Yamada M. et al. Cerebral 
vasospasm and ultrastructural changes in cerebral 
arterial wall. An experimental study. J  Neurosurg 
1978; 49: 229-238.

148


