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Abstract 
 
Background/Aim. Intracranial aneurysms are pathological 
enlargement of the wall of cerebral arteries. Intracranial an-
eurysms rupture is a dramatic event with a significant mor-
bidity and mortality. The Fisher Grade is widely accepted in 
assessment of the extensiveness of aneurysmal subarach-
noid hemorrhage (aSAH) and the presence of other intrac-
ranial hemorrhage on the computed tomography (CT) scan. 
Significant early complication of a aSAH may be a cerebral 
vasospasm. The aim of this study was to determine the rela-
tionship between the extensiveness of aSAH, assessed by 
the Fisher Grade on admission, with the intensity of cere-
bral vasospasm in patients with ruptured intracranial aneu-
rysm. Methods. This prospective clinical study included 50 
patients with aSAH hospitalized at the Clinic of Neurosur-
gery, Clinical Center of Vojvodina, Novi Sad, Serbia. All the 
patients underwent 256-layer cranial CT and CT angiogra-
phy on admission and on the day 9. Based on native CT 
scans, they were classified according to the Fisher Grade. 
On CT angiography images, intensity of cerebral vasospasm 
was determined. Results. On the basis of admission CT 
images, 24% of patients were classified into the Fisher 
Grade group 2, while 34% and 42% were in the groups 3 
and 4, respectively. A positive correlation of the Fischer 
Grade on admission with the intensity of cerebral vaso-
spasm was established, but with no statistical significance (ρ 
= 0.273, p = 0.160). Conclusion. This study showed that 
the Fisher Grade is not significant in predicting the intensity 
of cerebral vasospasm in patients hospitalized with intracra-
nial aneurysm rupture. 
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Apstrakt 
 
Uvod/Cilj. Intrakranijalne aneurizme su patološka proširenja 
zida moždanih arterijskih krvnih sudova. Ruptura intrakrani-
jalnih aneurizmi je dramatičan događaj sa značajnim morbidi-
tetom i mortalitetom. Za procenu opsežnosti subarahnoidalne 
hemoragije aneurizmatske etiologije (aneurizmatska suba-
rahnoidalna hemoragija aSAH) i prisustva drugih intra-
kranijalnih hemoragija na nalazu kompjuterizovane tomogra-
fije (CT) široko je prihvaćena Fišerova klasifikacija. Značajna 
rana komplikacija aSAH je cerebralni vazospazam. Cilj rada bio 
je da se utvrdi korelacija obima aSAH vrednovanog Fišerovim 
stepenom na prijemu sa intenzitetom cerebralnog vazospazma 
kod bolesnika sa rupturiranom intrakranijalnom aneurizmom. 
Metode. Ovo prospektivno kliničko istraživanje, obuhvatilo je 
50 bolesnika sa aSAH lečenih na Klinici za neurohirurgiju 
Kliničkog centra Vojvodine. Kod svih bolesnika je na prijemu i 
najčešće 9. dana od prijema, urađen CT i CT angiografski 
pregled glave na 256-slojnom CT aparatu. Na osnovu nativnih 
CT pregleda izvršena je klasifikacija po Fišerovoj skali. Na CT 
angiografskim pregledima određivan je intenzitet cerebralnog 
vazospazma. Rezultati. Na osnovu CT nalaza na prijemu, 
24% bolesnika klasifikovano je u grupu 2 po Fišerovoj skali, 
34% bolesnika u grupu 3, i 42% bolesnika u grupu 4. Utvrđena 
je pozitivna korelacija Fišerove skale na prijemu sa intenzitetom 
vazospazma, ali ta korelacija nije bila statistički značajna (ρ = 
0,273, p = 0,160). Zaključak. Ova studija je pokazala da 
Fišerova klasifikacija na prijemu bolesnika nakon rupture 
intrakranijalne aneurizme nije statistički značajna za predviđanje 
intenziteta cerebralnog vazospazma. 
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Introduction 

Intracranial aneurysms (IA) are pathological enlarge-
ments of the wall of intracranial arteries. IA rupture and con-
sequent bleeding in the subarachnoid, intraventricular or sub-
dural space is a dramatic event with significant morbidity and 
mortality. Most studies show that the incidence of aneurysmal 
subarachnoid hemorrhage (aSAH) is 10–11 cases per 100,000 
population per year, except in China where it is 2 and in Japan 
and Finland 16.8 to 18.33 1. Sudden intense headache that does 
not respond to painkillers occurs in about 80% of patients with 
aSAH. Symptoms that also indicate aSAH are nausea, vomit-
ing, disturbance of consciousness, meningism, and focal neu-
rological deficit 2. 

The diagnosis of ruptured IA is made by anamnesis, physi-
cal, neurological and radiographic examination. Cranial com-
puted tomography (CT) is the best diagnostic tool for the detec-
tion of intracranial hemorrhage, hydrocephalus and cerebral in-
farction. The Fisher Grade is widely accepted in the classifica-
tion of the extensiveness of the aSAH and the presence of other 
intracranial hemorrhage on CT images 3: Ficher Grade 1 – no 
SAH visualized; Ficher Grade 2 – thin layer of SAH, less than 1 
mm thick; Ficher Grade 3 – focal or diffuse layer of SAH, 
greater than 3 mm in thickness; Ficher Grade 4 – intracerebral or 
intraventricular clots with or without SAH. 

Complications after aneurysm rupture may be early and 
late. Early complications include aneurysm re-ruptures, hy-
drocephalus and cerebral vasospasm (CV), while the late 
ones include general medical complications, late hydro-
cephalus and epilepsy. 

CV is a pathologic, reversible narrowing of the cerebral 
arteries, which develops a few days after SAH. Symptomatic 
vasospasm presents narrowing of the arteries of the brain, 
which results in cerebral ischemia with associated clinical 
symptoms and signs. 

Based on the intensity, CV is classified into mild (0–
33%), moderate (34–66%) and severe (67–100%) 4. 

CV involves intracerebral part of cerebral arteries. The 
distribution and degree of vasospasm correlates with the lo-
cation and size of aSAH. Delayed onset and relative ability 
to predict CV offers a chance to act in a therapeutic window 
that is still narrow. Determining the precise mechanism of 
vasospasm remains an objective to enable a complete phar-
macological preventive treatment 5. 

The incidence of vasospasm after SAH is about 60%, 
with data from the literature ranging from 20% to 97% as a 
result of unequal criteria for determination of vasospasm 6. 

There is a proven correlation between the quantity and loca-
tion of subarachnoid blood with the risk of occurrence and distri-
bution of angiographic vasospasm. If the initial CT scans show a 
significant amount of SAH (Fisher Grade III), a significant vaso-
spasm develops in 60% of patients. Latest multivariate studies 
have shown that only the presence of blood in the subarachnoid 
space is a significant factor for the occurrence of vasospasm 7. 

The aim of this study was to determine the relationship 
between the extensiveness of aSAH, determined by the 
Fisher Grade on admission, with the intensity of CV in pa-
tients with ruptured IA. 

Methods 

This prospective clinical study included a total of 50 pa-
tients hospitalized at the, Clinic of Neurosurgery, Clinical 
Center of Vojvodina Novi Sad, Serbia, due to aSAH. On ad-
mission, all patients underwent cranial CT and CT 
angiography (CTA) with 256-layer “dual energy” CT (Sie-
mens) by the special protocol. All images were processed and 
reviewed on a workstation “Syngo.via” Siemens. 

Initially, a native cranial CT scan was made. Scans 
were performed from the level of the foramen magnum to the 
top of the vertex with axial sections at 5 mm and subsequent 
reconstruction on 1mm. Acquisition parameters were 120 
kVA, EffmAs to 320 mA, collimation 0.6 and a matrix of at 
least 512 × 512 pixels. Native CT examinations were ana-
lyzed with triplanar reconstruction in a standard window for 
brain parenchyma 80 WW and 40 WL. Based on CT images 
the radiologist determined the extensiveness of SAH and the 
presence of other intracranial hemorrhages and classified pa-
tients according to the Fisher Grade. 

CTA of cerebral vessels were performed on admission 
and on the day 9 or 10 of hospitalization. Two patients un-
derwent CTA on the day 5 and 8, respectively, due to wors-
ening of neurological condition. CTA was performed by 
scanning in the same given range as native CT, using non-
ionic, isoosmolar, iodine contrast (Iohexol, Omnipaque 350, 
GE Healthcare). The contrast was injected mechanically by 
"two-headed" Optivanatage DH injector, 1–1.5 mL per kg of 
body weight. Axial cross-section at the level of the Circle of 
Willis was recorded after 10 s delay from the beginning of 
the application and then successively, every two seconds, un-
til the appearance of contrast in the internal carotid artery 
and Circle of Willis, when the scanning was initiated. 

CTA images were analyzed with triplanar reconstruc-
tion in “angio window”, 700 WW and 80 WL, maximum 
intensity projection (MIP) reconstruction of axial, coronal 
and sagittal sections, “Volume rendering” reconstructions, as 
well as with software application “syngo CT vascular analy-
sis” to determine the diameter of a blood vessel. Before 
measuring a blood vessel, every single analyzed artery was 
labeled automatically and set aside in a separate window on 
the screen, where possible, with additional tools to improve 
image and determine accurately the appropriate position for 
the measurement. Then, the automatic determination of the 
boundaries of the vessel was checked and, if necessary, cor-
rections were made (minimum and maximum Housfield 
units – HU values). 

On CTA scans on admission and control CTA scans, 
seven segments of the proximal blood vessels of the brain in 
their distal parts were measured: suprasellar parts of internal 
carotid artery; M1 segments of the middle cerebral artery, A1 
segments of the anterior cerebral artery; A2 segments of the 
anterior cerebral artery; P1 segment of the posterior cerebral 
artery; vertebral arteries and basilar arteries. If there were evi-
dent signs of vasospasm in the distal circulation (M2 and M3), 
these data were noted and taken into statistical analysis. 

The presence of CV was determined on the measured 
values of arterial narrowing of blood vessels. The presence 
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of CV was classified into: present (degree of narrowing of 
blood vessels 5–100%, taking into account the possibility of 
error in the measurement), and absent (0–5%). Narrowing of 
the arteries on CTA images were classified into: mild (5–
33%), moderate (34–66%) and severe (67–100%). 

Results 

On the basis of CT findings at admission, 24% of the 
patients were classified as the Fisher Grade 2, 34% of the pa-
tients as the Fisher Grade 3 and 42% of the patients as the 
Fisher Grade 4. On control CTA scans, mild degree of CV 
was detected in 36% of the patients, moderate in 46 % and 
severe in 9% of the patients. 

In the Fisher Grade 2 group, a significant (severe) vaso-
spasm was observed in 7.5% of the patients. In the Fisher Grade 
3 group, 29.4% of the patients had a significant vasospasm. This 
shows a clear correlation, indicating that there are notably more 
patients with significant vasospasm in the Fisher Grade 3 group, 
than in the Fisher Grade 2 group (Table 1). 

 
 

Table 1 
Comparison of the Fishers Grade at admission with the 

intensity of cerebral vasospasm (CV) 
Intensity of CV (% of patients) Fisher Grade 

Mild Moderate Severe 
2 30 62.5 7.5 
3 17.6 52.9 29.4 
4 52.4 33.3 14.3 

 

 

A positive correlation with no statistical significance of 
the Fisher Grade at admission with the intensity of vaso-
spasm in the whole study group of 50 patients is shown in 
Figure 1 (ρ = 0.273, p = 0.160). 

 

 
Fig. 1 – Correlation between the Fisher Grade at 

admission with the intensity of cerebral vasospasm. 

Discussion 

The Fisher Grade was established in 1980 with the as-
sumption that it is valid enough to predict the level of CV af-
ter aSAH. This assumption was confirmed by the small sam-
ple size (41 patients) in 1983 8. However, recently in the lar-
ger, 2005 series, it has been found that this correlation exists, 
but it is not significant 9. 

In this study, we determined a positive, but not signifi-
cant correlation between the Fisher Grade and the intensity 
of vasospasm. 

The Fisher Grade was created in the age when the 
resolution of imaging technology was about ten times lower 
than today. Descriptions of the amount of blood in the su-
barachnoid space in scans from those years could not be 
considered valid. The biggest difference is in the descrip-
tion of the thickness of SAH less than 1 mm, because in to-
day's CT images that thick collection of SAH is almost al-
ways visible. One of the shortcomings of the Fischer Grade 
is that not all forms of intracranial hemorrhage after IA 
rupture are defined and classified. The classification of pa-
tients with small focal SAH and intracerebral hemorrhage 
(ICH)/intraventricular hemorrhage (IVH) is unclear, be-
cause the Fisher Grade 4 includes only patients with diffuse 
layer of SAH or without SAH and ICH/IVH. Also, it is not 
clear into which group to classify patients with SAH and 
subdural hematoma. Analyzing the admission CT findings 
in this study, 24% of the patients were classified in the 
Fisher Grade 2, 34% of the patients in the Fisher Grade 3 
and 42% of patients in the Fisher Grade 4. The patients 
with ICH and the IVC, regardless the amount of SAH, were 
classified into the Fisher Grade 4. 

Angiographic vasospasm was defined as narrowing of 
the contrast in the main cerebral arteries, which is usually fo-
cal, but may be diffuse, as well 10. A large number of studies 
have classified the CV as mild (0–30%); moderate (30–50%) 
and severe or significant (above 50% narrowing of cerebral 
arteries) 11, 12. The degree of CV in this study was classified 
into mild (0–33%), moderate (34–66%) and severe (67–
100%), according to the 2008 study of Macdonald et al. 4. 
After that study, most studies accepted the new classifica-
tion. Frequently, it is stated that angiographic vasospasm de-
velops in approximately 67% of patients with aSAH, which 
is characterized by a higher degree than the mild one 13. 
Based on CTA findings, this study determined a mild degree 
of CV in 36% of the patients, moderate in 46% and severe of 
CV in 9% of the patients. In our study, 55% of the patients 
had moderate or severe (significant) CV. 

Due to the lack of statistical correlation between the 
Fisher Grade and the intensity of CV, the modified Fisher 
Grade was proposed in 2006, which correlates significantly 
with the intensity of vasospasm and classifies logically the 
cerebral hemorrhage on CT findings (Table 2) 14. 

The disadvantage of this classification, and probably 
the reason why the modified Fisher Grade is not widely ac-
cepted in neurosurgical clinical practice, is because it is 
complex and difficult to remember. 
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Table 2  
Classification of aneurysmal subarachnoid hemorrhage (SAH) on  

cranial computed tomography (CT) scans by the modified Fisher Grade 14 

CT finding Intraventricular hemorrhage Modified Fisher Grade 
present 4 

Thick diffuse SAH  absent 3 
present 4 

Thick focal SAH absent 3 
present 2 

Thin diffuse SAH absent 1 
present 2 

Thin focal SAH  absent 1 
present 2 

No signs of SAH 
absent 0 

 

Conclusion 

This study points out the advantages and disadvantages 
of the original classification by Fisher. The Fisher Grade is in 
a positive, statistically nonsignificant correlation with the de-
gree of cerebral vasospasm, but it is widely accepted and used 

in neurosurgical practice. The modified Fischer Grade is in a 
significant correlation with the intensity of vasospasm, but it is 
more complex and therefore much less applicable. In the fu-
ture, it would be desirable to modify both Fisher Grades and 
combine them into one simple, but accurate classification. 
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