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Abstract : Cerebral arterial vasospasm is the major complication
of subarachnoid haemorrhage. This process of unclear aetiology
causes significant increases in the morbidity and mortality of pa-
tients with subarachnoid haemorrhage. In this study all
physiopathological characteristics of subarachnoid haemorrhage
were established in a 3-way model in cats. Using this model, we
investigated the efficacy of defibrotide in preventing cerebral

arterial vasospasm following subarachnoid haemorrhage. Although
the process of vasospasm could not be prevented by the use of
defibrotide, our results suggest that defibrotide can significantly
decrease delayed histopathological damage after subarachnoid
haemorrage.
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INTRODUCTION

Cerebral vasospasm (CV) that follows
subarachnoid haemorrhage(SAH) causes a significant
increase in morbidity and mortality. Delayed cerebral
vasospasm after SAH is a complex pathological pro-
cess characterized by a an abnormal proliferation and
necrosis of the cellular constituents of the arterial wall
(1.13). Although the mechanism of this disorder is still
unclear, it has been considered that multiple en-
dogenous vasoactive substances are involved.
Therefore several studies aiming the prevention and
treatment of CV were performed, and the subject is
still under extensive investigation in the current
literature. In 1964, Crompton (8) reported pathological
findings in the cerebral arteries of 119 patients suf-
fering from cerebral infarcts following anuerysmal
SAH. Today, CV is considered to be an acute pro-
liferative vasculopathy similar to atherosclerosis (28).

Blood surrounding the vessel is held to be the respon-
sible factor for this vasculopathy(11,18,22,26). Also
laboratory studies revealed perivascular blood as the
cause of CV (4,13,16,30,32).

In this study we investigated the efficacy of
defibrotide, an antithrombotic agent (27.34), in
preventing cerebral arterial vasospasm following
subarachnoid haemorrhage.

MATERIALS AND METHODS

Eighteen hybrid adult cats were used in the study.
They were treated first with forane inhalation in a
closed box, then catheterized via to femoral vein and
anaesthetized with profol(3mg/kg/hour) and alfen-
tanil(0.1mg/kg/hour). The surgical procedure was per-
formed at 21 C room temperature. Cats were fixed
on the operating table in the prone position, and the
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lumbar region was shaved. The surgical field was
deaned using hibiscrub and betadine. A middle skin
incision was followed by dissection of the sub-
cutaneous tissues and paravertebral muscles. Two
laminae were exposed and laminectomy was per-
formed. A one millimetre thick sterile shunt tube was
inserted in the subarachnoid space through a 2mm
dural incision. The length of the tube was adjusted
to the distance between the dural incision and skull
base. Subsequently, the surgical area was closed us-
ing the appropriate surgical technique, and a stop-
cock was placed at the external end of the tube. After
observing the free drainage of 1 ml cerebrospinal
fluid through the tube, 1 ml autogenous arteril blood
obtained via the femoral artery was intrathecally ad-
ministered at a slow rate, causing isobaric SAH.
Subarachnoid haemorrhage as described above in-
duced on the first, third and seventh days. Ten days
after the last bleeding, the cats were sacrificed and
the basilar arteries were harvested using a surgical
microscope (Kapps. Germany). The dissected arteries
were immersed in 10% formaldehyde solution for 1
week, then dehydrated and embedded in wax. Sec-
tions of the vessels were stained with haematoxylin
and eosin.

GROUPS

A) Group 1 (SAH Group): SAH was established in
6 cats as described above.

B) Group 2 (SAH and treated with defibrotide):
Following the first SAH 6 cats in this group received
intravenous defibrotide at a dose of 2mg/kg/day for
17 days.

C) Group 3 (Control group): Intrathecal saline solu-
tion was administered to the cats.

PATHOLOGICAL EVALUATION

1) Light Microscopy: Three transverse sections
5mm apart were made across each basilar artery.
These 8um thick transverse sections of all basilar
arteries, stained with Haematoxylin-Eosin were
photographed under x100 magnification.
Measurements of distance from the adventitia to the
lumen (wall thickness) and the diameter of the lumen
were performed by two independent and blind
observers (MMO and AS) and mean value was ob-
tained.

90

Ozek: The effect of defibrotide on cerebral vasospasm

2) Transmission Electron Microscopic study(TEM):
Basilar arteries were first washed with a special
isotonic 1% solution, and then passed through an
isotonic acetone series. They were then terated with
Vestopal 1, 2, and 3 for one hour each, and placed
in capsules with vestopal 4. The capsules were in-
cubated at 60 C for 23 hours to reach a solid state,
and then studied under the TEM microscope (JOEL-
JEM.,100C)

3) Scannig Electron Microscopic study (SEM): The
basilar arteries were also prepared for SEM studies
(JOEL-SEM).

FINDINGS

Although most of animals showed lethargy caus-
ed by SAH during the entire observation period, we
observed no appreciable difference in behaviour bet-
ween the treated and untreated group.

A) Macroscopic findings:

Twelve brains in Groups 1 and 2 exhibited
thickening of the basal arachnoid and obviously thin-
ner basilar arteries compared to the control group.
Blood or haematoma was not present. Colour change
due to haemosiderin was detected in the basal
disterns of 5 cats. No macroscopic pathology was pre-
sent in the brains of the normal cats.

B) Microscopic findings:

1) Light microscopy: When basilar arteries from
the three groups were compared, decreased basilar
artery calibres, thickened adventitia, increased col-
lagen content in the fibrous tissue and monoclear cell
infiltration were noticed in the SAH and defibrotide
group. Haemosiderin either free or in macrophages
was observed in a scattered pattern (Fig. 1 and Fig.2).
Tunica media hypertrophy and vacuolization were
also noticed. In the SAH group which did not receive
defibrotide, subendothelial oedema and fields of
distrupted continuity were also observed. When
basilar arteries in Groups 1 and 2 were compared
with arteries from the control group, significant
widening, volume increase and narrowing of the
lumen were found in all. The regular and concentric
character of the narrowing was observed in the group
that did not receive defibrotide. The control group
showed normal histological architecture (Fig.3).

2) TEM findings: Significant pathological changes
were noticed in the TEM examination of the 1st and
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Fig. 1: Note the mural thickening of the basiler artery with pro-
minent tortuosity of the internal elastic membrane. The
Diameter is reduced.

Fig. 2 : Lack of tortuous intemal elastic membrane and thinned
almost normal blood vessel wall signify a mildly dilated
muscular type of blood vessel.

Fig. 3 : Almost normal thickness of the muscular blood vessel and
regularity of the internal elastic membrane are characteristic
features of a normal basilar artery.
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2nd groups, compared with the controls. This
pathological destruction was much more in the group
that did not receive defibrotide. The first finding was
an increase in the folds and undulations of the lamina
elastica. Under high mignification, some disruption
and loosening were noticed. Disruption and severe
vacuolization of the endothelial cells were observed
especially in the SAH group. These cells showed a
tendency to penetrate into the distrupted internal
elastic lamina (Fig.4). Necrosis in the tunica media
(myonecrosis) was the most prominent finding.
Pathological smooth muscle cells were scattered in
the tunica media. Vacuolization was present in all
cells. Nuclei were pyknotic and electrodense
myofilaments were observed. Some cells exhibited
juxtanuclear vacuolization, and the vacuoles contain-
ed some granules. Because of intracellular debris,
these structures appeared highly electrodense. Mean-
while, extracellular debris was formed by dead
smooth cells. As mentioned, endothelial cell
vacuolization and desquamation, as well as smooth-
muscel cell was limited in the defibrotide group (Fig.
5). The control group almost always showed a nor-
mal appearance (as described) (Fig 6).

Fig. 4 : Intensive undulation of the internal elastic lamina and
vacuolization of the endothelial cells (Group 1).

3) SEM findings: As in light microscopy findings,
alternation in vascular calibres were demonstrated
in different groups. SEM showed convolution of the
endothelium and tunica intima, narrowing of the
lumen, and thickening of the vessel wall in the basilar
arteries. In both SAH groups, the external calibres
were also decreased (Fig. 7 and Fig. 8). Therefore, the
subarachnoid space was larger and fibrous bands
were noticed especially in the pure SAH group.
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Fig. 8 : Limited arterial spasm in the defibrotide group.

The control group did not show any of these ir-
regularities (Fig. 9). C) Quantitative evaluation: Basilar
artery calibres were determined in 6 cases each of
the three groups. The mean value of the lumen

Fig. 7 : Highly narrowed basilar arter after SAH. Note the relative
increase of subarachnoid space (Group 1). Fig. 9 : Normal SEM appearance of the cat basilar artery.
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the three groups. The mean value of the lumen
diameter was 5.0+0.2 in the 1Ist, 7.5+0.3 in the 2nd
9.5+0.1 in the 3rd group. Wall thickness measured
1.2+0.1, 1.1+0.2 and 1.0+0.1 in the following three
groups. Division of both parameters was defined as
vasospasm index. It was 0.24 in the SAH group, 0.14
in the defibrotide and 0.10 in the control group
(Table. 1). When the normal basilar artery diameter
was considered 100%, the average value of narrow-
ing was found to be 53% and 79% in groups 1 and
2, respectively (P +0.005). We used the non-parametric
Mann-Whitney U-test for statistical comparison of the
vessel calibres between the control and treated

groups.
DISCUSSION

Histopathological alterations following
subarachnoid haemorrhage have been investigated
in numerous studies (17,21,23). Crompton (8) detected
necrosis, oedema and subendothelial polinuclear
leucocyte infiltration in the vascular wall of 119 pa-
tients who died following SAH. Convey and Mc
Donald (7) studied the relation between pathology
and dlinical status and suggested that the clinical pic-
ture is due to narrowed vascular lumen secondary
to intimal thickening. However, Eldevik et al (12) fail-
ed to show any morphological alteration in the
cerebral arteries of patients who had vasospasm in
the antemortem period. At this point, the need for
reproducible experimental models to clarify the
aetiopathogenesis became obvious.

In the models used to study vasculopathy follow-
ing SAH., blood was administered to the
subarachnoid space via the cisterna magna (13.24.36)
or placement of a subarachnoid clot around the mid-
dle cerebral artery (23.30). In earlier single bleeding
models, Weir (35) and Mayberg (24), in monkeys and
cats respectively, failed to show any morphological
vascular change either by light microscopy or by
SEM. Alksne (1), Alksne and Greenhood (2). and Fein
(13) were able to show only limited pathological
changes in the tunica media of monkey arteries. Us-
ing a double-bleeding model in pigs. Takemae et al
(33). observed narrowing of vascular lumen, intimal
proliferation and necrosis in the tunica media.
Although several investigators (3.28) agree on the
similarity of these histopathological changes to the
arteriosclerotic process, the cause of intimal prolifera-
tion is still undlear.
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In the literature, the best model to demonstrate
histopathological changes was the one described by
Takemae et al (33). We suggest that previous models
in monkeys and cats failed because of the insufficien-
cy of a single bleeding. In our model, narrowing of
the vascular lumen, thickening of the vascular wall,
pathological undulation in intemal elastic lamina and
adventitial mononuclear cell infiltration were clear-
ly demonstrated by light microscopy after the third
bleeding. In addition, increased intimal undulation
was demonstrated in more detail by TEM. Vacuoliza-
tion and myonecrosis were also observed in both en-
dothelial. and smooth muscle cells by TEM.
Therefore, our study to demonstrate
histopathological alterations due to chronic cerebral
vasospasm in cats is original. Late cerebral vasospasm
is a two-phased process.First vascular spasm, and se-
cond vasculopathy.Following these two consecutive
phases, the vessel diameter and a smaller volume of
blood passes through the lumen within the same
time frame. Vasculopathy seems to be secondary to
vascular constriction (3.30,35). Recently the capabili-
ty of endothelial cells to secrete heparin and its in-
hibitory effect on smooth muscle hypertrophy were
shown (34). At the initial phase of cerebral
vasospasm, vascular constriction causes endothelial
damage.

Therefore, the inhibitory effect of endothelial cells
on the tunica media disappears, and this process sup-
ports media proliferation. The main factor causing
vascular spasm is not clear. Although the effects of
autonomous nervous system (2.6.9). platelets (31), red
blood cells (19,23), prostaglandins (10,29), angioten-
sin (5). cyclic nucleotides (14), histamin (20), and
neutrophiles (15), have been shown to cause vascular
spasm in experimental models, the pathogenesis of
late cerebral vasospasm remains unclear.

Defibrotide, a deoxypolyribonucleotide, has been
found to modulate endothelial cell function causing
an increase in t-PA and a decrease in PAI levels and
also an increase in PGI2 production (34).Defibrotide
inhibits platelet aggregate formation in vitro ex-
periments as well as end- to-end anastomosis in
rats(27). Besides an increase of protein C and S levels,
a synergic action of heparin was observed(34).
Defibrotide appeared to be a potent drug in partial
prevention of expreminental delayed cerebral
vasospasm. The mechanisms of the antivasospasm
effect of defibrotide remain to be darified. One
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likely possibility is that defibrotide may have in-
hibited the induction of endothelin the activity of
which is potent and extremely long-lasting(25).
Another possibility is the synergic action of heparin
which prevent smooth muscle contractions (34).
Although we must be careful when extrapolating
these in vitro observations, it is tempting to
hypothesize that defibrotide may be helpful in clinical
practice

Correspondence : Dr. M. Memet Ozek

10.

11.

12

13.

14.

15.

94

Marmara Universitesi Hastanesi
Norosirurji Anabilim Dali
Tophanelioglu Cad. No: 13-15
81190 Altunizade - {ISTANBUL

REFERENCES:

. Alksne JF: Myonecrosis in experimental vasospasm. Surgery

76:1-7, 1974

. Alksne JF, Greenhood JH: experimental catecolamine induc-

ed chronic cerebral vasospasm: Myonecrosis in vessel wall.
J.Neurosurg 41:440-445,1974

. Alksne JF, Branson PJ: Pathogenesis of cerebral vasospasm.

Neurol Res 2:273-282,1980

. Alksne JF, Branson P], Bailey M: Modification of experimen-

tal post subarachnoid hemorrhage vasculopathy with in-
tracisternal plasmin. Neurosurgery 19:22-25,1986

. Allen GB, Henderson LM, Chou SN; Cerebral arterial spasm

Part 1. In vitro activity of vasoactive agents on canine basilar
and MCA. | Neurosur 10:433-439,1974

. Cohen HP, Waltz AC, Jacobson RC: Catecolamine content of

cerebral tissue after occlusion or manipulation of middle
cerebral artery in cats. ] Neurosurg 43:32-38,1975

. Conwey LW ,Mc Donald LW: Structural changes of the in-

tradural arteries following subarachnoid hemorrhage. ]
Neurosurg 37:715-723,1972

. Crompton MR: The pathogenesis of cerebral infarction follow-

ing the rupture of the cerebral berry aneurysms. Brain
87:491-510.1964

. Crowford RA, Gregory PC, Griffiths IR: The response of feline

spinal pial arterioles to norepinephrine.] Neurosurg
52:60-63,1980

Denton JC: The effect of prostaglandin E1 and f2- alpha on
cerebral crculation of dogs and monkeys. ] Neurosurg
36:34-40,1972

Ecker A, Riemenschneinder PA: Arteriographic demonstration
of spasm of the intracranial arteries: With special reference to
saccular arterial aneurysms. ] Neurosurg 8:660-667,1951

. Eldevik OP, Kristians K. Torvik A: Subarachnoid hemorrhage

and cerebrovascular spasm. Morphological study of intracranial
arteries based on animal experiments and human autopsies.
] Neurosurg 55:869-876,1981

Fein JM. Flor W], Cohan SL: Sequential changes of vascular
ultrastructure in experimental cerebral vasospasm.
Myonecrosis of subarachnoid arteries. ] Neurosurg 41:49,1974
Flamm ES, Ranshoff J: Treatment of cerebrovascular spasm
by control of cydic adenosinemonophosphate. Surg Neurol
6:223-229,1976

Hammerschmid DE, Harris PD, Waylind JH: Complement in-

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28,

29.

30.

31

32,

33.

34.

35.

36.

Ozek: The effect of defibrotide on cerebral vasospasm

duced granulocyte aggregation in vivo. Am ] Pathol
102:146-150,1981

Handa Y, Weir B, Nosko M: The effect of timing of dlot removal
on chronic vasospasm in a primate model. ] Neurosurg
67:558-564,1987

Kaneko V. Yoshimoto T, Suziki J: A histopathological study
of patients dying from cerebral vasospasm after rupture of
cerebral aneurysms. Neurol Med Chi 8:813- 820,1978
Kassel N, Tomer ], Adams HP: Antifibrinolytic therapy in acute
period following aneurysmal subacute hemorrhage.
Preliminary observations from the cooperative aneurysm study.
] Neurosurg 61:225-230,1984

Kunihiko O: Prolonged vasospasm produced by the break-
down products of erythrocytes. ] Neurosurg 47:403-406, 1977
Lebato K. Marin ], Balaices M: Effect of subarachnoid haemor-
rhage on contractile responses and noradrenalin release evoked
in cat cerebral arteries by histamine. ] Neurosurg
55:543-559.1981

Lisczak TM, Black P: Morphological changes of basilar artery,
ventricle and choroid plexus after experimental subarachnoid
hemorrhage. ] Neurosurg 61:486-493,1984

Lyngren B, Brand L: Results of early operations for ruptured
aneurysms. | Neurosurg 54:473-479,1981

Macdonald RL, Weir BKA, Runzer TD, Grace MGA, Findlay
JM: Etiology of cerebral vasospasm in primates. ] Neurosurg
75:415-424,1991

Mayberg MR, Houser OW, Sundt TM: Ultrastructural changes
in feline arterial endothelium following subarachnoidal hemor-
rhage | Neurosurg 48:49-57.1978

Mima T, Yanagisawa M,Shigeno T: Endothelin acts in feline
and canine cerebral arteries from the adventitial side. Stroke
20:1553-1556.1989

Mizukami M, Kawase T, Usami T: Prevention of vasospasm
by early operation with removal of subarachnoidal blood.
Neurosurgery 10:301-307,1982

Ozer AF, Pamir MN, Erbengi T. Ulutin ON: The effect of
defibrotide on platelet thrombus formation in microarterial
anastomosis. Thromb Haemorrh Disorders 1/2:67-72,1990
Peerles S], Kassel NF, Komatsu K: Cerebral vasospasm. Wilkins
RH(ed): Cerebral arterial spasm. Baltimore, William and Wilkins
1980: 598-611

Perefsky B, Jacobson CD, Fisher RG: Effect of prostaglandin
El on experimental cerebral vasospasm. ] Neurosurg
30:634-642.1972

Pluta RM. Yauner A, Morgan JK, Muraszko KM, Oldfield EH:
Is vasospasm related to proliferative arteriopathy? ] Neurosurg
77:740-748,1992

Scihisano G: The use of antifibrinolytic drug in aneurysmal
subarachnoid hemorrhage. Sur Neurol 10:217- 222,1978
Takahashio B, Sonbe M, Nagmine Y: Early operations for rup-
tured intracranial aneurysms. Comperative study with
tomography. Acta Neurochir 57:23-31,1981

Takame T, Branson PJ, Alksne JF: Intimal proliferations of
cerebral arteries after subarachnoid blood injection in pigs. ]
Neurosurg 6:494-500.1984

Ulutin O. Balkuv-Ulutin S. Ugur MS, Ulutin T. Ozsoy Y, Cizmed
G: The pharmacology and dlinical pharmacology of defibrotide.
Liu CY and Chien S(eds) in Fibrinogen, Thrombosis, Coagula-
tion and Fibrinolysis. Plenium press, New York, 1990:429-438
Weir B, Erasmo R, Miller Y: Vasospasm in response to repeated
subarachnoid hemorrhages in the monkey. ] Neurosurg
33:395-406.1970

White RP, Hagen AA, Robertson JT: Effect of non- steroidal
antiinflamatory drugs on subarachnoid hemorrhage in dogs.
] Neurosurg 51:164-171.1975



