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Frequency of Cerebral Vasospasm in Patients
Treated with Endovascular Occlusion of

Intracranial Aneurysms

Kennedy Yalamanchili, Robert H. Rosenwasser, Jefferey E. Thomas, Kenneth Liebman,
Christie McMorrow, and Patricia Gannon
The purpose of this study was to retrospectively compare a group of 19 patients treated with
craniotomy and aneurysmal clipping with a group of 18 patients who were treated via endovascular
occlusion with Guglielmi detachable coils in regard to frequency and severity of cerebral vasospasm.

METHODS: All patients were treated within 48 hours of ictus. In the endovascular group,
nine patients had Hunt and Hess grade I subarachnoid hemorrhage, five patients had grade II
aneurysms, and four patients had grade III. According to the Fisher classification, one
aneurysm was grade I, nine were grade II, and eight were grade III. Twelve of the aneurysms
were on the anterior circulation and seven were on the posterior circulation. In the surgical
group, 10 patients had Hunt and Hess grade I hemorrhage, seven had grade II aneurysms, and
two had grade III. Nine of these were Fisher grade II and 10 were grade III. Eighteen aneurysms
were on the anterior circulation and one was on the posterior circulation. Endovascularly
treated patients were medically treated identically to those in the surgical group, with prophy-
lactic volume expansion and hemodilution immediately after endovascular occlusion, except
that they also received 48 hours of full heparinization followed by 24 hours of dextran infusion
after endovascular occlusion.

RESULTS: All four patients in the endovascular group in whom delayed neurologic deficits
developed as a result of vasospasm responded to elevation of blood pressure and did not require
either mechanical or chemical angioplasty to reverse their symptomatology. In the surgical
group, 14 of 19 developed clinical vasospasm, with elevation of their transcranial Doppler
velocities, and required maximum triple-H (hypertensive, hypervolemic, hemodilutional) ther-
apy. Three of these patients required mechanical and pharmacologic angioplasty. No surgical
complications were incurred as a direct result of the craniotomy. One patient in the endovas-
cular group developed a femoral pseudoaneurysm as a complication of the procedure and
postocclusion anticoagulation. No thromboembolic events were noted in this group.

CONCLUSION: In patients with similar Hunt and Hess grades and Fisher grades, prelimi-
nary data suggest that the frequency and severity of cerebral vasospasm may be reduced in
those treated by endovascular occlusion of their aneurysm as compared with those treated by
direct surgical clipping.
In North America, an estimated 36 000 people suffer
subarachnoid hemorrhage from ruptured intracranial
aneurysms each year (1). Fifteen thousand of these,
however, suffer untimely death or disability after their
initial hemorrhage. The International Cooperative
Study on the Timing of Aneurysm Surgery has dem-
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onstrated the benefits of early surgical intervention
for patients in good clinical condition, but stressed
the disappointing neurologic outcome in a subpopu-
lation of patients (2, 3). Over 75% of patients entered
into this study were admitted in good neurologic con-
dition; nevertheless, only 58% experienced a good
neurologic outcome. The leading causes of poor out-
come were vasospasm and rehemorrhage.

Recent progress both in microsurgical techniques
and in the administration of anesthetics has enabled
early surgical intervention and significantly dimin-
ished the toll of early rehemorrhage. Vasospasm re-
mains the single leading cause of death and perma-
nent neurologic disability subsequent to aneurysmal
3
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TABLE 1: Characteristics of Patients in Group Treated by Endovascular Occlusion

Patient’s
Age/Sex

Location of Aneurysm(s)
Hunt and

Hess Grade
Fisher
Grade

Radiologic (R) or Clinical
(C) Evidence/Day

Vasospasm Developed
Deficit

Vasospasm
Grade

21 M R superior hypophyseal I III R/3 . . . 1
60 F Basilar bifurcation III III C/6 R pronator drift,

perseveration
2

36 F Basilar bifurcation I II . . . . . . 0
65 M Basilar bifurcation

R MCA AVM
I I . . . . . . 0

66 F R pcomm
L ACA

I III C/4 Lethargy 2

78 F L pcomm
R pcomm

III II . . . . . . 0

71 F R MCA Acomm III II . . . . . . 0
49 F Superior cerebellar II III R/11 . . . 1
37 F Basilar bifurcation

R cavernous carotid
I II . . . . . . 0

54 F L PICA I II . . . . . . 0
34 F R carotid-opthalmic I II . . . . . . 0
51 F Acomm

R MCA
II III R/4 . . . 1

44 M Acomm III III C/3 L leg monoparesis 2
72 F Acomm II III C/3 Lethargy, confusion 2
67 M Basilar bifurcation II II . . . . . . 0
43 F L pcomm

R pcomm
II II . . . . . . 0

54 F R mca
L MCA
Acomm

I II . . . . . . 0

39 M R MCA I II . . . . . . 0

Note.—Italics indicate additional aneurysms that were not treated and considered not responsible for the patient’s subarachnoid hemorrhage.
AVM indicates arteriovenous malformation; ACA, anterior cerebral artery; acomm, anterior communicating artery; MCA, middle cerebral artery;
PICA, posterior inferior communicating artery; pcomm, posterior communicating artery.
subarachnoid hemorrhage. Twenty-eight percent of
those in whom subarachnoid hemorrhage occurs suf-
fer clinical deterioration as a result of the ischemic
effects of vasospasm, and 50% of these suffer long-
term morbidity and mortality (1, 2).

Recently, clinical investigators have described the
technique for and results of deploying endovascular
coils to exclude saccular aneurysms from the cerebral
circulation (4–8). Several of these investigations have
shown the efficacy of endovascular treatment in pre-
venting rehemorrhage both in short- and long-term
follow-up studies. Our experience also suggests that
the severity of vasospasm is diminished in patients
treated by endovascular coil occlusion following sub-
arachnoid hemorrhage. The purpose of this study was
to retrospectively analyze the frequency and severity
of vasospasm in a population of patients undergoing
aneurysmal occlusion by Guglielmi detachable coils
(GDC) as compared with a control population in
whom standard craniotomy for aneurysmal clipping
was performed. We report the results obtained by
one surgeon and discuss the possible contributing
mechanisms.

Methods
The records of 37 consecutive patients admitted with sub-

arachnoid hemorrhage and treated for saccular aneurysms
from October 1995 to April 1996 were reviewed retrospec-
tively. Nineteen patients were treated with standard craniot-
omy for aneurysmal clipping and 18 were treated with endo-
vascular GDC placement to exclude the aneurysm from the
cerebral circulation. Patients who were treated with a combi-
nation of surgery and GDC occlusion were excluded from the
study. Patients who were admitted with Hunt and Hess grade
IV or V aneurysms were also excluded (9). All patients were
admitted and treated within 48 hours of ictus. Subarachnoid
hemorrhage was diagnosed by clinical presentation and con-
firmed by computed tomography (CT) examination. The loca-
tion and morphology of the aneurysm were delineated by four-
vessel cerebral angiography. All patients were offered standard
craniotomy for clipping of the aneurysm; however, those pa-
tients who were of advanced age, poor surgical candidates, had
high-risk aneurysms of the posterior circulation or of predict-
ably difficult surgical anatomy, or who refused craniotomy were
offered the alternative of endovascular coil placement. Angio-
graphic evidence of a broad aneurysmal neck was considered a
relative contraindication to endovascular obliteration.

The endovascular group consisted of 18 patients, of whom
five were men and 13 were women. Nine patients had Hunt and
Hess grade I aneurysms, five had grade II aneurysms, and four
had grade III aneurysms. According to the Fisher classification,
one aneurysm was grade I, nine were grade II, and eight were
grade III (10, 11). Twelve aneurysms were located on the
anterior circulation, seven were on the posterior circulation.
The surgical group consisted of 19 patients, of whom six were men
and 13 were women. Ten patients had Hunt and Hess grade I
aneurysms, seven had grade II aneurysms, and two had grade III
aneurysms. Nine of these were Fisher grade II and 10 were grade
III. Eighteen aneurysms were located on the anterior circulation
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TABLE 2: Characteristics of Patients in Group Treated by Surgical Clipping

Patient’s
Age

Location of
Aneurysm

Hunt and
Hess Grade

Fisher
Grade

Radiologic (R) or Clinical
(C) Evidence/Day

Vasospasm Developed
Deficit

Vasospasm
Grade

49 Basilar bifurcation III III C/3 Lethargy 4
28 Acomm I III C/6 Lethargy, R pronator drift 2
38 Pcomm II III C/4 L drift 2
72 Pcomm III II . . . . . . 0
62 R MCA I II C/6 R hemiparesis, lethargy 2
27 Acomm II III C/10 Lethargy 3
41 R pcomm II III C/10 Lethargy 2
51 R PICA I III C/7 Lethargy, R drift 2
37 L MCA I II C/5 Lethargy 2
57 L PCA I II . . . . . . 0
64 R pcomm II II C/4 Lethargy 2
63 Acomm II III C/6 Lethargy, R hemiparesis 2
29 L PICA I II . . . . . . 0
34 Acomm I III C/4 Lethargy, R leg monoparesis 2
47 R pcomm I III C/10 Lethargy, R hemiparesis 2
56 L MCA II II . . . . . . 0
66 Acomm I III C/8 Lethargy R hemiparesis 3
53 L PCA II II C/9 Lethargy 2
69 R pcomm I II . . . . . . 0

Note.—Acomm indicates anterior communicating artery; MCA, middle cerebral artery; PICA, posterior inferior communicating artery; PCA,
posterior cerebral artery; pcomm, posterior communicating artery.
and one was on the posterior circulation. Clinical data for patients
in both groups are provided in Tables 1 and 2.

All patients had an arterial line and central venous or Swan-
Ganz catheter placed preoperatively. Postoperatively, all pa-
tients were administered colloid and crystalloid solutions for
prophylactic volume expansion and hemodilution to maintain a
central venous pressure of 8 to 10 mm Hg or a pulmonary
artery wedge pressure of 13 to 15 mm Hg as well as a hemat-
ocrit of 30 to 35. External ventricular drainage was instituted
for all patients with Fisher grade III aneurysms and for any
patient in whom hydrocephalus was seen radiologically. The
surgical group was administered a bolus of mannitol (1 g/kg)
and lasix (20 mg) at the start of the procedure. Pentobarbital
bolus and infusion were administered for burst suppression
during temporary parent vessel clipping. Hematomas and thick
collections of subarachnoid hemorrhage in the surgical bed
were removed during the operation. Intraoperative angiogra-
phy was used to ensure adequate clip placement and to pre-
clude ligation of local vessels. To prevent thromboembolic
phenomena, the endovascular population underwent 48 hours
of systemic heparinization to maintain a partial thromboplastin
time of approximately two times normal, followed by 24 hours
of dextran infusion. Postoperatively, patients received frequent
neurologic examinations and daily transcranial Doppler sono-
graphic monitoring.

Evidence of neurologic decline included any features on the
neurologic examination consistent with diminished cerebral
blood flow, either diffusely or in an arterial territory distribu-
tion (10–12). This included any significant change in sensorium
or level of consciousness. Deficits of the anterior cerebral
artery distribution included weakness of the contralateral lower
extremity when the spasm was unilateral and there was akine-
sia, and whispering or mutism, incontinence, frontal release
signs, and lower extremity diplegia when the spasm was bilat-
eral. Middle cerebral artery vasospasm was characterized by
hemiparesis or monoparesis, dysphasia when involving the
dominant hemisphere, and anosognosia when confined to the
nondominant hemisphere. Posterior cerebral artery deficits in-
cluded significant decline in level of consciousness, hemianop-
sia, or cranial neuropathy. Headache alone was not considered
an indicator of cerebral ischemia (Table 3).
Patients who experienced a neurologic deterioration had CT
immediately to exclude hemorrhage or hydrocephalus, fol-
lowed by chemically induced hypertension to maintain a mean
arterial blood pressure greater than 120 mm Hg. Patients in
whom the deficit could not be reversed within 1 hour under-
went cerebral angiography and angioplasty. Significant proxi-
mal vessel vasospasm (of the internal carotid or vertebrobasilar
arteries or A1, M1, or P1 vessels) was treated with mechanical
angioplasty; more distal involvement was treated with intraar-
terial papaverine infusion (300 mg over 1 hour) through a
coaxial microcatheter (12). This was repeated on a daily basis
as needed, depending on a combination of factors, including
the patient’s neurologic status and transcranial Doppler sono-
graphic monitoring.

Patients in each group were studied retrospectively with
regard to occurrence and severity of vasospasm. The severity of
vasospasm was graded on a scale of 0 to 4 using both radiologic
and clinical criteria. Grade 0 indicated no evidence of radio-
logic (transcranial Doppler sonographic or angiographic) or
clinical vasospasm. Grade 1 was assigned to patients who had
radiologic evidence of vasospasm but no evidence of clinical
deterioration. Grade 2 was given to patients who exhibited
evidence of clinical decline amenable to medical management
(hypervolemia and hemodilution combined with chemically in-
duced hypertension) with either significant clinical improve-
ment or resolution of deficits. Grade 3 was assigned to patients
in whom medical measures failed to elicit a response but whose
vasospasm was reversed by endovascular methods. Grade 4 was
reserved for patients in whom vasospasm was not responsive to
either medical or endovascular management. This grading sys-
tem is summarized in Table 4. Further statistical analysis was
performed in patients with Fisher grade III aneurysms to limit
differences between the two populations. All statistical analysis
was performed using the ANOVA factorial test.

Results
The clinical and radiologic records of the 37 pa-

tients entered into this study were reviewed retro-
spectively. Eighteen patients with a total of 19 aneu-
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rysms were treated with endovascular coils. Nineteen
patients underwent standard craniotomy for aneurys-
mal clipping. Hunt and Hess and Fisher grades were
comparable between the two populations. Statistical
analysis was used to compare the frequency of clinical
vasospasm in the two populations as well as the av-
erage vasospasm grade in each population. Because
clinical vasospasm in our study was predominantly
limited to the Fisher grade III subarachnoid hemor-
rhage, as noted by other investigators (10), the fre-
quency and severity of clinical vasospasm were also
compared in this subpopulation in order to minimize
any differences between the two groups.

A femoral pseudoaneurysm developed in one pa-
tient in the endovascular group. This was managed
conservatively and did not require a second surgical
procedure. No thromboembolic complications were
noted in the endovascular group. No surgical compli-
cations arose as a direct result of the craniotomy.

In the endovascular group, eight (44%) of the 18
patients had Fisher grade III subarachnoid hemor-
rhage. Four of these (22%) subsequently showed clin-
ical evidence of vasospasm. All four responded to
maximal medical management with significant clinical
improvement or resolution of deficits. No mortality
resulted in this group as a complication of the proce-
dure, vasospasm, or management protocol.

In the surgical group, 10 (53%) of the 19 patients
were noted to have Fisher grade III subarachnoid
hemorrhage on initial CT scans. Fourteen (74%) of
the 19 (including all 10 of the patients with Fisher
grade III hemorrhage) went on to show clinical evi-
dence of vasospasm. Three of these (30%) required
endovascular angioplasty (mechanical or pharmaco-

TABLE 3: Clinical Criteria for Vasospasm

Arterial Distribution Neurologic Deficit

Anterior cerebral artery Weakness of contralateral lower
extremity, akinesia, whispering, mutism,
incontinence, frontal release signs,
lower extremity diplegia.

Middle cerebral artery Hemiparesis or monoparesis, dysphasia,
anosognosia.

Posterior cerebral artery Decline in level of consciousness, cranial
neuropathy, hemianopsia.

TABLE 4: Vasospasm Grading Scale

Grade Criteria

0 No radiologic (transcranial Doppler sonographic or
angiographic) or clinical evidence of vasospasm.

1 Radiologic evidence of vasospasm without clinical signs or
symptoms.

2 Clinical vasospasm that is responsive to medical
management (triple-H therapy).

3 Clinical vasospasm that is resistant to medical
management but responsive to endovascular angioplasty
(mechanical or chemical).

4 Clinical vasospasm that is not responsive to medical or
endovascular management.
logic) to manage delayed ischemic neurologic deficits
as a result of vasospasm that failed to respond to
maximal medical management (hypertensive, hyper-
volemic, hemodilutional [triple-H] treatment). Of
these three patients, one died of intractable vaso-
spasm and progressive cerebral infarction, one died of
acute respiratory distress syndrome, exacerbated by
prolonged intubation and aggressive fluid manage-
ment, and the third suffered a residual hemiparesis.

The frequency of clinical vasospasm in the surgical
group (74%) was greater than that in the endovascu-
lar group (22%). ANOVA statistical test revealed this
difference to be statistically significant (P , .05).
When analysis of the frequency of clinical vasospasm
was limited to patients with Fisher grade III hemor-
rhage, the difference was still found to be significant
(P , .05). Among the patients with grade III hemor-
rhage in whom clinical vasospasm developed, three
(30%) of the 10 in the surgical group had medically
intractable vasospasm that required angioplasty,
whereas none of the four in the endovascular group
developed this severe form.

To compare the severity of cerebral vasospasm be-
tween the two populations, we computed and ana-
lyzed the average vasospasm grade for each popula-
tion. In the surgical group, the average grade was 1.68
when all patients were included, 2.4 when only pa-
tients with Fisher grade III aneurysms were consid-
ered. The average vasospasm grade in the endovas-
cular group was 0.61 when all patients were included,
1.38 when only Fisher grade III aneurysms were con-
sidered. Analysis of the average vasospasm grade re-
vealed a statistically significant difference between
the two populations (P , .05). Similarly, analysis of
the average vasospasm grade among patients with
Fisher grade III aneurysms revealed a statistically
significant difference (P , .05). No patient in the
endovascular group was assigned a vasospasm grade
above 2, whereas two patients in the surgical group
were assigned vasospasm grades of 3 (amenable to
endovascular angioplasty) and one was assigned a
grade of 4 (intractable despite medical and endovas-
cular management).

Discussion

Vasospasm is the leading cause of death and per-
manent neurologic disability in patients with sub-
arachnoid hemorrhage arising from saccular aneu-
rysms after the initial hemorrhage. Currently
accepted techniques to diminish the toll of vasospasm
include administration of the dihydropyridine class of
calcium-channel blockers and institution of triple-H
therapy. Calcium-channel blockers, of which the most
commonly used is nimodipine, decrease the availabil-
ity of extracellular calcium to participate in the con-
tractility of vascular smooth muscle. Influx of extra-
cellular or extracytosolic calcium is also important in
cellular apoptosis and death. Triple-H therapy ex-
ploits the Hagen-Poiseuille equation, which states
that flow through a system with a constant radius is
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directly proportional to the pressure and indirectly
proportional to the viscosity

Q 5
DPPr4

8Ln

where Q defines blood flow, DP is the pressure gra-
dient, r is the vessel radius, L is the length, and n is the
viscosity.

Volume expansion with colloid and crystalloid so-
lutions combined with the use of vasopressors have
been shown to diminish vasospasm after subarach-
noid hemorrhage. Innovative new strategies to pre-
vent or treat vasospasm include the use of intracister-
nal thrombolytic infusion, the use of antioxidants to
chelate or prevent the liberation of free radicals, and
endovascular techniques to increase the radius of
spastic arteries (12–18).

Although craniotomy for aneurysmal clipping is the
standard and definitive method of treating saccular
aneurysms, endovascular occlusion by deployment of
coils provides an effective alternative by excluding the
aneurysm from the cerebral circulation. This method
has been shown to diminish the frequency of rehem-
orrhage. It has also been our observation that both
the frequency and severity of vasospasm appear
markedly diminished in patients treated by coil occlu-
sion. In the endovascular group, all four patients in
whom delayed neurologic deficits developed conse-
quent to vasospasm responded to medical manage-
ment and did not require either mechanical or chem-
ical angioplasty to reverse their deficit. In the surgical
group, all 10 patients with Fisher grade III aneurysms
developed clinical vasospasm with elevation of the
transcranial Doppler velocities, necessitating maximal
triple-H therapy. In that group, three patients re-
quired mechanical and pharmacologic angioplasty.
Although the pathophysiology of cerebral vasospasm
is still obscure, possible mechanisms for reducing the
frequency of vasospasm in the endovascular popula-
tion can be inferred from the results of studies search-
ing for its cause. Results of several laboratory and
clinical studies have suggested that craniotomy results
in exacerbation of vasospasm (2, 3, 12, 19–22), which
is compounded during the peak period of vasospasm.
It has also been observed that vasospasm, often of a
prolonged and severe nature, follows craniotomy per-
formed for unruptured aneurysmal clipping. Contrib-
uting mechanisms include the release of blood and
blood products into the subarachnoid space, the libera-
tion of lipid peroxides (arachidonic acid) and free rad-
icals, and the spastic response of the cerebral vascula-
ture to trauma and manipulation (12, 23). Nevertheless,
more recent prospective clinical trials appear to refute
this relationship of vasospasm to surgery (24).

The release of blood and blood products into the
subarachnoid space has been shown to be vasospastic
in both laboratory and clinical investigations. Osaka
(25) has shown that fresh serum and platelet-rich
plasma induced vasospasm in a feline model, and
although fresh blood was not vasospastic, degraded
blood after being incubated for 1 to 7 days led to
severe and prolonged vasospasm. Other investigators
have confirmed this result (12, 26, 27). Fisher et al
(10, 11) initially in a retrospective fashion, and, sub-
sequently, prospectively, showed that the volume of
blood in the subarachnoid space on CT scans was
predictive of vasospasm. Oxyhemoglobin has been
implicated as the primary spasminogen responsible
for chronic vasospasm after subarachnoid hemor-
rhage. The mechanism is most likely multifactorial,
and includes the release of vasoactive prostaglandins
and endothelin from vascular endothelium, the inhi-
bition of endothelium-derived relaxation factor, and
the release of free radicals from blood breakdown (1,
17, 18, 23, 28, 29).

Degradation of oxyhemoglobin to methemoglobin
results in the liberation of the free radical superoxide
molecule. In the presence of iron-containing com-
pounds from hemoglobin degradation, this anion
leads to the generation of additional hydroxyl-free
radicals through the Haber-Weiss reaction. Free rad-
icals have been shown to be vasospastic in laboratory
investigations and are now the target for a new class
of 21-aminosteroid compounds, which are undergo-
ing clinical trials (17, 18, 30). In addition to this
release of free radicals, dissection and disruption of
cerebral parenchyma results in the release of such
lipid peroxides as arachidonic acid (17, 18, 31). Ara-
chidonic acid, a structural component of the cellular
membrane, is the parent molecule that leads to the
synthesis of both additional prostaglandins and free
radicals.

Mechanical stimulation of cerebral vessels has been
shown to initiate both short- and long-term cerebral
vasospasm (12, 32–39). Florey (40) first demonstrated
that mechanical stimulation of cerebral vessels re-
sulted in vasospasm in 1925. Landau and Ransohoff
(41) subsequently showed that although vasospasm
would result from both cerebral manipulation or ex-
posure to blood products, the combination of blood
and vessel trauma resulted in prolonged and severe
vasospasm. This has been confirmed by other inves-
tigators (12, 30).

Conclusion
In patients with similar Hunt and Hess grades and

Fisher grades, preliminary data suggest that the fre-
quency and severity of cerebral vasospasm may be
reduced in those treated by endovascular occlusion of
their aneurysm as compared with those treated by
direct surgical clipping. This evidence is compelling
because of the toll vasospasm takes after the initial
subarachnoid hemorrhage. The mechanism, although
not entirely clear, is most likely multifactorial and
may be compounded by the diuresis and relative hy-
potension required during surgical clipping of aneu-
rysms. Both the frequency and severity of vasospasm
deserve further investigation in a randomized and
prospective fashion, ideally with a larger population
treated endovascularly through a multicenter effort.
As endovascular management becomes more com-
monplace, such research will undoubtedly follow.



558 YALAMANCHILI AJNR: 19, March 1998
References
1. Zabramski JM, Hamilton MG. Cerebral Vasospasm. In: Carter LP,

Spetzler RF, eds. Neurovascular Surgery. New York, NY: McGraw-
Hill; 1995:583–601

2. Kassell NF, Torner JC, Haley EC Jr, Jane JA, Adams HP, Kong-
able GL. The International Cooperative Study on the Timing of
Aneurysm Surgery, 1: overall management results. J Neurosurg
1990;73:18–36

3. Kassell NF, Torner JC, Jane JA, Haley EC Jr, Adams HP. The
International Cooperative Study on the Timing of Aneurysm Sur-
gery, 2: surgical results. J Neurosurg 1990;73:37–47

4. Guglielmi G, Vinuela F, Sepetka I, Macellari V. Electrothrombosis
of saccular aneurysms via endovascular approach, 1: electrochem-
ical basis, technique, and experimental results. J Neurosurg 1991;
75:1–7

5. Guglielmi G, Vinuela F, Dion J, Duckwiler G. Electrothrombosis
of saccular aneurysms via endovascular approach, 2: preliminary
clinical experience. J Neurosurg 1991;75:8–14

6. Guglielmi G, Vinuela F, Duckwiler G, et al. Endovascular
treatment of posterior circulation aneurysms by electrothrombosis
using electrically detachable coils. J Neurosurg 1992;77:
515–524

7. Graves VB, Strother CM, Duff TA, Perl J II. Early treatment of
ruptured aneurysms with Guglielmi detachable coils: effect on
subsequent bleeding. Neurosurgery 1995;37:640–648

8. Hopkins LN, Winn HR, Mayberg MR. Neurosurgery Clinics of
North America: Endovascular Approach to Central Nervous System
Disease. Philadelphia, Pa: Saunders; 1994;5:413–447

9. Hunt WE, Hess RM. Surgical risk as related to time of interven-
tion in the repair of intracranial aneurysms. J Neurosurg 1968;28:
14–20

10. Fisher CM, Kistler JP, Davis JM. Relation of cerebral vasospasm to
subarachnoid hemorrhage visualized by computerized tomo-
graphic scanning. Neurosurgery 1980;6:1–9

11. Kistler JP, Crowell RM, Davis KR, et al. The relation of cerebral
vasospasm to the extent and location of subarachnoid blood visu-
alized by CT scan: a prospective study. Neurology 1983;33:424–436

12. Mayberg MR, Winn HR. Neurosurgery Clinics of North America:
Cerebral Vasospasm. Philadelphia, Pa: Saunders; 1990;1:265–463

13. Findlay JM, Weir BKA, Kassell NF, Disney LB, Grace MGA.
Intracisternal recombinant tissue plasminogen activator after an-
eurysmal subarachnoid hemorrhage. J Neurosurg 1991;75:181–188

14. Zabramski JM, Spetzler RF, Lee KS, et al. Phase I trial of tissue
plasminogen activator for the prevention of vasospasm in patients
with aneurysmal subarachnoid hemorrhage. J Neurosurg 1991;75:
189–196

15. Ohman J, Servo A, Heiskanen O. Effect of intrathecal fibrinolytic
therapy on clot lysis and vasospasm in patients with aneurysmal
subarachnoid hemorrhage. J Neurosurg 1991;75:197–201

16. Findlay JM, Kassell NF, Weir BKA, et al. A randomized trial of
intraoperative, intracisternal tissue plasminogen activator for the
prevention of vasospasm. Neurosurgery 1995;37:168–178

17. Macdonald RL, Weir BK. Cerebral vasospasm and free radicals.
Free Radic Biol Med 1994;16:633–643

18. Haley EC Jr, Kassell NF, Alves WM, Weir BKA, Hansen CA. Phase
II trial of tirilizad in aneurysmal subarachnoid hemorrhage: a report
of the cooperative aneurysm study. J Neurosurg 1995;82:786–790
19. Solomon RA, Onesti ST, Klebanoff L. Relationship between the
timing of aneurysm surgery and the development of delayed cere-
bral ischemia. J Neurosurg 1991;75:56–61

20. Kassell NF, Drake CG. Timing of aneurysm surgery. Neurosurgery
1982;10:514–519

21. Suzuki J, Onuma T, Yoshimoto T. Results of early operations on
cerebral aneurysms. Surg Neurol 1979;11:407–412

22. Sundt TM. Cerebral vasospasm following subarachnoid hemor-
rhage: evolution, management, and relationship to timing of sur-
gery. Clin Neurosurg 1977;24:228–239

23. Cook DA. Mechanisms of cerebral vasospasm in subarachnoid
haemorrhage. Pharmac Ther 1995;66:259–284

24. MacDonald RL, Wallace MC, Coyne TJ. The effect of surgery on
the severity of vasospasm. J Neurosurg 1994;80:433–439

25. Osaka K. Prolonged vasospasm produced by the breakdown prod-
ucts of erythrocytes. J Neurosurg 1977;47:403–411

26. Sonobe M, Suzuki J. Vasospasmogenic substance produced follow-
ing subarachnoid hemorrhage, and its fate. Acta Neurochir 1978;
44:97–106

27. Okwuasaba F, Cook D, Weir B. Changes in vasoactive properties of
blood products with time and attempted identification of the spas-
mogens. Stroke 1981;12:775–780

28. Cosentino F, Katusic ZS. Does endothelin-1 play a role in the
pathogenesis of cerebral vasospasm? Stroke 1994;25:904–908

29. Suzuki S, Ogane K, Souma M, Ohkuma H, Iwabuchi T. Efficacy of
steroid hormone in solution for intracranial irrigation during an-
eurysmal surgery for prevention of the vasospasm syndrome. Acta
Neuochir 1994;131:184–188

30. Wilkins RH. Cerebral Arterial Spasm. Baltimore, Md: Williams &
Wilkins; 1980:158–201

31. Rabow L, Algers G, Elfversson J, Ridderheim PA, Rudolphi O,
Zygmunt S. Does a routine operation for intracranial aneurysm
incur brain damage? Acta Neuochir 1995;133:13–16

32. Findlay JM, Macdonald RL, Weir BKA, Grace MGA. Surgical
manipulation of primate cerebral arteries in established vaso-
spasm. J Neurosurg 1991;75:425–432

33. Simeone FA, Ryan KG, Cotter JR. Prolonged experimental cere-
bral vasospasm. J Neurosurg 1968;29:357–366

34. Arutiunov AI, Baron MA, Majorova NA. The role of mechanical
factors in the pathogenesis of short-term and prolonged spasm of
the cerebral arteries. J Neurosurg 1974;40:459–472

35. Ohta T, Baldwin M. Experimental mechanical arterial stimulation
at the circle of Willis. J Neurosurg 1968;28:405–408

36. Lende RA. Local spasm in cerebral arteries. J Neurosurg 1960;17:
90–103

37. Harvey J, Rasmussen T. Occlusion of the middle cerebral artery.
Arch Neurol Psychiatry 1951;66:20–29

38. Johnson RJ, Potter JM, Reid RG. Arterial spasm in subarachnoid
haemorrhage: mechanical considerations. J Neurol Neursurg Psy-
chiatry 1958;21:68

39. Pool JL, Jacobson S. Cerebral vasospasm: clinical and experimen-
tal evidence. JAMA 1958;167:1599–1601

40. Florey H. Microscopical observations on the circulation of the
blood in the cerebral cortex. Brain 1925;48:43

41. Landau B, Ransohoff J. Prolonged cerebral vasospasm in experi-
mental subarachnoid hemorrhage. Neurology 1968;18:1056–1065
Please see the Editorial on page 592 in this issue.


