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Abstract

Background: With improvements in diagnostic methods, the incidence of multiple intracranial aneurysms has increased up to
35%. Factors influential on outcome in multiple intracranial aneurysms are still debatable. We aimed to determine risk factors
related to multiple intracranial aneurysms in patients admitted with subarachnoid hemorrhage caused by a ruptured intracranial
aneurysm.

Material and Methods: This retrospective study was performed on 105 aneurysms of 48 patients diagnosed with multiple
aneurysms using charts, records, and film archives among 250 patients admitted to istanbul Haydarpasa Numune Training and
Research Hospital between January 2003-December 2009 who were examined and treated for subarachnoid hemorrhage. Age,
gender, medical history, admission/surgery times, clinical features determined on neurological examination at admission (WFNS
Score), amount of blood measured on cranial computed tomographic images (Fisher Score), number of aneurysms and systems
to which they belonged, complications, and Glasgow outcome scale indicating the morbidity and mortality were recorded.
Results: The mean age was 52.75+14.02(4-90) years. The female/male ratio was 2.2. Most common clinical features were
headache (83.7%), and hypertension (56.3%). The most common location was the middle cerebral artery, and aneurysm size
was 2-6 mm (66.7%). The most common intervention was an early clipping of as many aneurysms as possible in one session
(84.7%). Vasospasm and hydrocephalus were the most common complications (31.1%, 16.6%, respectively). No difference
was present between early and late interventions regarding mortality. Glasgow outcome Scale was negatively correlated with
Fisher score (r=-0.306), but not with WFNS score.

Conclusions: Age, amount of cisternal blood preoperatively, and postoperative vasospasm are risk factors for mortality, but
not hypertension and postoperative hydrocephalus. WFNS Scoring system is not a reliable mortality predictor.

Key Words: Multiple intracranial aneurysms, Fisher score, Glasgow outcome scale, Subarachnoid hemorrhage, WFNS Score
0z.

Amag: Tani yontemlerindeki gelismelerin sonucunda, multipl intrakraniyal anevrizma insidansi %35'e kadar yukselmistir. Multipl
intrakraniyal anevrizmalarda prognoz tizerinde etkili olan faktorler halen tartismalidir. Bu galismada, riiptiire olmus intrakraniyal
anevrizmanin neden oldugu subaraknoid kanama ile basvuran hastalarda MIA prognozu ile iliskili faktorleri belirlemeyi
amagcladik.

Materyal ve Metod: Bu retrospektif alisma, Ocak 2003-Aralik 2009 tarihleri arasinda istanbul Haydarpasa Numune Egitim ve
Arastirma Hastanesi'nde subaraknoid kanama nedeni ve anevrizma tanisi ile tetkik ve tedavi edilen 250 olgu arasinda hasta
cizelgeleri, kayitlari ve film arsivleri degerlendirilerek multipl anevrizma kriterlerine uyan 48 olgunun 105 anevrizmasi izerinde
gerceklestirildi. Yas, cinsiyet, tibbi 6yku, basvuru / cerrahi sireleri, bagvurudaki norolojik muayene bulgu degerlendirmesindeki
ozellikler (WFNS skoru), bilgisayarli beyin tomografi gorintiilerde élgilen kan miktari (Fisher Skoru), anevrizma sayisi ve ait
olduklari sistemler, komplikasyonlar, morbidite ve mortaliteyi gésteren Glasgow sonug skalasi kaydedildi.

Bulgular: Yas ortalamasi 52,75 + 14,02 (4-90) yildi. Kadin / erkek orani 2.2 idi. En sik gértilen Klinik 6zellikler bas agrisi (%
83.7) ve hipertansiyon (% 56.3) olarak bulundu. En sik yerlesim yeri orta serebral arterdi ve anevrizma boyutu 2-6 mm (% 66.7)
idi. En sik yapilan girisim tek seansta mimkin oldugunca ¢ok anevrizmanin erken kliplenmesiydi (% 84.7). Vazospazm ve
hidrosefali en sik gortilen komplikasyonlardi (sirasiyla % 31.1 ve % 16.6). Erken ve ge¢ girisim zamanlari arasinda mortalite
acisindan fark bulunmad. Glasgow sonug skalasi skoru ile Fisher skorunun negatif korelasyonu oldugu bulundu (r = -0.306),
ancak WFNS evresi ile korelasyon mevcut degildi.

Sonug: Yas, preoperatif sisternal kan miktari ve postoperatif vazospazm mortalite igin risk faktdrleri olarak bulundu. Ancak
hipertansiyon ve postoperatif hidrosefali risk faktori degildi. WFNS skorlama sisteminin giivenilir bir mortalite belirleyicisi
olmadigi sonucuna varildi.

Anahtar Kelimeler: Coklu intrakraniyal anevrizma, Fisher skoru, Glasgow sonug skala, Subaraknoid kanama, WFNS evresi
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Introduction

The incidence of multiple intracranial aneurysms (MIA) was
reported as 8-9%. However, with improvements in diag-
nostic methods, this rate increased to 15-35% in recent ye-
ars with the introduction of 4-vessel cerebral angiography
(1, 2). A meta-analysis study by Jabbarli et al. emphasized
the discrepancy related to MIA incidence, varying within a
range of 2-45% (3). Regarding surgical management of
MIA, intervening in all aneurysms with a single craniotomy
in a single session, if possible, is becoming increasingly
common (4-8). Besides planning treatment in MIA, factors
influential on the outcome are still debatable.

This study aimed to determine MIA-related risk factors in
patients admitted with subarachnoid hemorrhage (SAH)
caused by a ruptured intracranial aneurysm.

Materials and Methods

In this retrospective study, 48 cases meeting MIA criteria
among 250 cases treated for intracranial aneurysm and
SAH at istanbul Haydarpasa Numune Training and Re-
search Hospital between January 2003-December 2009
were investigated following the Hospital Ethics Commit-
tee's approval. The study was performed by assesing re-
viewing charts, records, and film archives of patients.
Age, gender, medical history and habits, family history of
aneurysms, time of admission, neurological features at ad-
mission time, amount of blood measured on cranial com-
puted tomographic (CCT) images, number of aneurysms
and systems to which they belonged, time of surgery, and
complications were investigated together with relationships
of treatments and outcomes.

Neurological status was assessed and graded at admis-
sion by two scales. State of consciousness was assessed
using the Glasgow Coma Scale (GCS), whereas the World
Federation of Neurological Societies (WFNS) scale was
used to evaluate findings on neurological examination.
Fisher scale was used for classification of bleeding amount
in admission CCT images of patients. The discharge status
of patients were assessed according to the Glasgow Out-
come Scale (GOS).

SAH was diagnosed by CCT and/or lumbar puncture (LP)
in addition to medical history, physical and neurological ex-
aminations. In patients not presenting with hemorrhage,
the diagnosis was made incidentally by magnetic reso-
nance imaging (MRI) and magnetic resonance angi-
ography (MRA). All SAH patients were involved in medical
treatment protocol determined according to their neurolog-
ical and medical status, together with CCT, LP, and bio-
chemical results at admission time. In appropriate cases,
angiography was performed as soon as possible, and
cases that an aneurysm was identified underwent early
surgery.

Statistical Analysis

NCSS (Number Cruncher Statistical System)-2007 and
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PASS-2008 Statistical Software (Utah, USA) were used. In
addition to descriptive statistical methods (mean, standard
deviation), the Kruskal-Wallis test was used to compare
non-normal parameters in quantitative data, and the Mann-
Whitney-U test to determine the difference-causing group.
Mann-Whitney-U test was used for inter-group compari-
sons regarding non-normally distributed parameters.
Spearman's correlation analysis was performed for rela-
tionships among parameters. A P-value of less than 0.05
was considered significant.

Results

Forty-eight patients meeting MIA criteria were identified
among 250 patients with aneurysms diagnosed and
treated at istanbul Haydarpasa Numune Training and Re-
search Hospital between January 2003-December
2009(rate of MIA among all aneurysms was 19.2%). Distri-
butions of patient age regarding age group and decade and
distribution of patient gender were presented in Table 1.

Tablel. Demographic characteristics, clinical findings, comor-
bidities, and risk factors (n=48)

n %
Gender
Male 15 313
Female 33 68.7
Age group (years)
<40 9 18.8
41-50 1 229
51-60 12 25.0
> 60 16 333
Age (decade-years)
0-10 1 2.08
11-20 0 0
21-30 0 0
31-40 8 16.67
41-50 1 22.92
51-60 12 25.00
61-70 14 29.17
71-80 1 2.08
81-90 1 2.08
Clinical findings
Headache 41 83.7
Nausea-vomiting 25 51.0
Nuchal rigidity 15 30.6
Seizure 3 6.1
Muscular weakness 5 10.2
Facial paralysis 3 6.1
Ptosis 1 2.0
Alterations of the state of con-
sciousness 1 224
Miscellaneous 3 6.1
Comorbidities and risk factors
Diabetes mellitus 1 21
Coronary artery disease 2 4.2
Hypertension 27 56.3
Polycystic kidney 3 6,3
Smoking history 17 35.4
Alcohol use 3 6.3
Goiter (operated) 3 6.3
Miscellaneous 6 125

The mean age was 52.75+14.02(4-90) years. The highest
number of cases belonged to 70 decade, with
29.17%(n=14). Nine(18.8%) cases were aged <40 years;
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there was only one pediatric patient (2.08%), and three pa-
tients in this age group were aged >30 years. Regarding
gender distribution, 31.3%(n=15) of cases were male
(mean age=45.20+14.97 years), and 68.7%(n=33) female
(mean age=56.18+12.31 years).

Clinical (neurological) symptoms, signs, comorbidities, and
risk factors retrieved from patient charts were shown in Ta-
ble 1. The most common symptom was headache in
83.7% (n=41). Smoking was present in medical history in
35.4% (n=17). The two patients with PCKD (51-years-old
male and 55-years-old female) were siblings, and their
grandmother had PCKD also. The son of a 61-year-old
male patient had undergone aneurysm surgery, a 50-year-
old female patient had been operated on at our clinic in
1997 for an aneurysm of the anterior communicating artery
(AcomA) and had been reoperated in 2004 for aneurysms
of both the right middle cerebral (MCA) and anterior com-
municating arteries.

WENS, Fisher, and GOS Scores of our patients were pre-
sented in Table 2. Of our MIA patients, 25 (52.08%) were
scored as WFNS-1, 22 (45.8%) cases were Fisher-4, and
35 (72.9%) had a GOS score of 5.

Table 2. WENS, Fisher, and GOS scores (n=48)

n %
WFNS Score
1 25 52.08
2 19 39.6
3 2 4,2
4 . .
5 2 4,2
Fisher Score
1 11 229
2 3 6.3
3 12 25.0
4 22 458
GOS Score
1 7 146
2 1 2.1
3 3 6.3
4 2 4.2
5 35 729

WFNS: World Federation of Neurological Societies
GOS: Glasgow Outcome Scale

Sizes of aneurysms according to Yasargil's and conven-
tional classifications, together with their locations, were
presented in Table 3. A total of 105 aneurysms were iden-
tified in 48 patients. The most common aneurysm location
was MCA (40.95%), followed by AcomA (19.04%) and in-
ternal carotid artery (ICA) (13.33%). Forty four (40.6%) an-
eurysms were located in the right hemisphere, 41 (39.6%)
in the left hemisphere, and 20 (19.8%) in the midline re-
gion. 20 (41.6%) cases had ipsilateral localization of aneu-
rysms, whereas 12 (25%) cases had contralateral localiza-
tion. In 16 (33.3%) cases, a hemisphere and midline local-
ization were present. According to Yasargil's classification,
7 (6.7%) were <2 mm., 70 (66.7%) were 2-6 mm., 26
(24.8%) were 6-15 mm., one (0.9%) was 15-25 mm., and
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one (0.9%) was >25 mm. According to conventional aneu-
rysm size classification, 98 (93.33%) aneurysms were <12
mm., six (5.7%) were 12-24 mm., and one (0.9%) was
sized >24 mm.

Table 3. Distributions of the aneurysm sizes regarding Yasargil's
and conventional classifications, together with their loca-
tions(n=105)

n %
Aneurysmal vessel
Middle cerebral artery 43 40.95
Anterior communicating artery 20 19.04
Internal carotid artery 14 13.33
Posterior communicating artery 9 8.57
Az 7 6.66
A1 4 3.80
Posterior inferior cerebellar artery 2 1.90
Basilar artery 2 1.90
Superior cerebellar artery 2 1.90
Posterior cerebral artery 0 0
Vertebral artery 0 0
Size(mm) [Yasargil’s classification]
<2 7 6.7
2-6 70 66.7
6-15 26 24.8
15-25 1 0.9
25 1 0.9
Size(mm) [Conventional classification]
<12 98 93.3
12-24 6 5.7
>24 1 0.9

Admission times, together with timing and types of per-
formed interventions, were shown in Table 4. When the du-
ration between symptom onset and hospital admission
time was analyzed, it was determined that 41.7% (n=20)
were admitted after four days. The average timing of inter-
vention was 4.81 days and within the range of 1-28 days.
Regarding timing of intervention, the early surgery was pre-
ferred in 54.2% (n=26). Clipping was performed in 84.7%
(n=89) of 105 aneurysms.

Table 4. Distribution of admission times, together with the times
and types of performed interventions in MIA patients

n %
Admission time (days, n=48)
1 18 375
2-3 10 20.8
24 20 41.7
Intervention time (days, n=48)
Early 26 54.2
Delayed-early 14 29.2
Delayed 8 16.7
Type of intervention
Clipping(n=105) 89 84.7
Wrapping(n=105) 7 6.7
Embolization(n=105) 4 3.8
Trapping(n=105) 1 0.9
Ventriculoperitoneal Shunting(n=48) 5 10.4
External Ventricular Drain (n=48) 1 2.1

Complications were listed in Table 5. Vasospasm was pre-
sent in 31.3% (n=15) of patients. HC and infarction were
located at the second and third lines with rates of 16.6%
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(n=8) and 12.5% (n=6), respectively. When we examined
HC cases' CCT images, we determined the rate of Fisher-
3 cases as 28.6% and of Fisher-4 as 42.9%. Eight patients
developed hydrocephalus. Of these, hydrocephalus of
three patients regressed with medical treatment and lum-
bar puncture. Ventriculoperitoneal shunt was inserted in
five patients. HC, which was the second most common
complication, was found to have no effect on mortality. This
might be due to avoiding the factor's mortal effect with ef-
fective use of CCT in addition to close clinical pre and post-
operative follow-up.

Table 5. Distribution of complications (n=48)

Complication n %
Vasospasm 15 313
Hydrocephalus 8 16.6
Late cerebral ischemia - Infarction 6 125
Disorders of state of consciousness 6 12.5
Psycho-organic syndrome 4 8.3
Intra-sylvian hematoma 3 6.3
Extradural hemorrhage 3 6.3
Bulging of the wound 3 6.3
Electrolyte imbalance 3 6.3
Subdural hematoma 2 4.2
Deep vein thrombosis 2 4.2
Confusion 1 21
Intraventricular hemorrhage 1 2.1
Infection of central nervous system 2 4.2
Cranial nerve paralysis 1 2.1
Pulmonary infection 1 2.1
Seizures 1 21
Rhinorrhea 1 2.1
Rebleeding 1 2.1

Fisher scores of 80% of cases in whom postoperative vas-
ospasm had developed during their follow-up were 3 or 4.
The outcome was GOS-1in 13.3% (n=2) of cases with vas-
ospasm. Late cerebral ischemia (LCI) occurred in 12.5%
(n=6) of cases during follow-up. These cases were either
Fisher-3 or 4, and the outcome was GOS-1 in 66.6% (n=4)
of cases. When the timing of surgery in these four patients
with GOS-1 outcome was analyzed, it was found that sur-
gery was performed late-early (4-7 days) or late (>7 days),
and infarction developed as a consequence of ischemia in
three cases. Rebleeding was observed in one patient in the
preoperative period, on the first day of hospitalization. Fol-
lowing surgery, the patient was discharged with a GOS of
5. No patient was observed to encounter postoperative re-
bleeding.

Mortality occurred in 14.6% (n=7) of cases. The mortality
rate was 11.5% in the early surgery group, 21.4% in the
late-early surgery group, and 12.5% in the delayed surgery
group. No significant differences were present among the
groups with different intervention timings regarding mortal-
ity (p=0.688).

Distributions of admission time and Fisher score regarding
WENS score were shown in Table 6. A significant correla-
tion was present between the time to presentation to the
hospital and the WFNS score (p<0.05). With delay in ad-
mission, reduction of WFNS score was determined (r: -
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0.301; p:0.038; p<0.05). A significant positive correlation at
the level of 31% was present between Fisher and WFNS
scores (p<0.05).

Table 6. Distributions of admission time and Fisher score regard-
ing WENS Score (n=48)

WEFNS score

1 2 3 4 5

n (%) n(%) Nn(%) Nn(%) n(%)
Admission time (days)
1 6(%12.5) 10(%20.8) 0 0 2(%4.2)
2-3 5(%10,4) 5(%10,4) 0 0 0
>4 14(%29,2) 4%83) 242 0 0
Fisher score
1 9(%18.8) 1(%2.1) 0 0 1(%2.1)
2 1(%2.1) 2(%4.2) 0 0 0
3 6(%12.5) 6(%12.5) 0 0 0
4 9(%18.8) 10(%20.8)  2(%4.2) 0 1(%2.1)

WEFNS: World Federation of Neurological Societies

The distributions of age, admission time, and Fisher Score
regarding GOS score were shown in Table 7. A significant
negative correlation at the level of 27.9% was present be-
tween age and GOS score (p=0.048). Significant differ-
ences were present among GOS scores according to ad-
mission time (p=0.037). As the result of binary compari-
sons performed to determine which group caused the dif-
ference, it was found that GOS scores of patients admitted
on the 4t-day or later were significantly higher than those
of patients presenting on the second or third day (p=0.012).
No significant relationship was present between the WFNS
and GOS scores (p>0.05). Timing of surgical intervention
had no significant relationships with WFNS (p<0.05),
Fisher (p<0.05), and GOS (p<0.05) scores. There was a
significant negative correlation at the level of 30.6% be-
tween Fisher and GOS scores (p<0.01).

Table 7. Distributions of age, admission time, and Fisher Score
regarding GOS score (n=48)

GOS score

1 2 3 4 5

n(%) n(%) n(%) n(%) n(%)
Age (years)
<40 1(%2.1) 0 0 0 8(%16.7)
4150  1(%2.1) 0 0 1(%2.1) 9(%18.8)
5160 2(%42) 0 0 0 10(%20.8)
>61  3(%6.3)  1(%2.1)  3(%6.3)  1(%2.1)  8(%16.7)
Admission time (days)
1 2(%4.2) 1(%2.1) 2(%4.2) 1(%2.1) 12(%25)
2-3 4%83) 0 1%21) 0 5(%10.4)
>4 1%2.1) 0 0 1(%2.1)  18(%37.5)
Fisher score
1 0 1(%2.1) 0 0 10(%20.8)
2 0 0 0 1%2.1)  2(%4.2)
3 1%2.1) 0 1%21) 0 10(%20.8)
4 6(%125) 0 2(%4.2) 1(%2.1) 13(%27.1)

GOS: Glasgow Outcome Scale

Discussion

We determined that age, the amount of cisternal blood in
the preoperative period, and the presence of vasospasm
were risk factors, whereas neither hypertension nor hydro-
cephalus were risk factors for outcome in MIA. The MIA/all
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aneurysms ratio was reported as 15-35%; however, this in-
cidence has slightly increased with the addition of autopsy
series (1, 2,9, 10). In our study, the MIA/all aneurysms ra-
tio was 19.2%, which was consistent with the literature.

In our series, female/male ratio was 2.2/1 with a female
dominance similar to the literature (11-13). Defillo et al. re-
ported a 1.39-fold increased incidence of MIA in females
(14). In the study of Inagawa including 126 cases, 69% of
MIA cases were females (15). Although the cause of incre-
ased MIA incidence in females has not been fully unders-
tood, hormonal factors such as the absence of estrogen's
protective effect in postmenopausal women have been
proposed.

More than 60% of patients reported by Yasargil (7) and
Nehls et al. (16) were in their fifth or sixth decades. Kami-
nogo et al. stated in their study on 361 cases with MIA that
the highest MIA incidence was in the age group of 40-59
years, with a rate of 67% (11). In our study, the ratios of
patients within 5th-6th-decades were slightly lower than
the studies by Yasargil and Nehls et al. It was reported that
0.5-4.6% of all intracranial aneurysms belonged to pediat-
ric patients, and MIA incidence in the pediatric age group
relatively increased when a family history of immune defi-
ciency disorder was present (11, 17, 18). Regarding the
pediatric age group, our study was consistent with the lite-
rature, having only one patient (2.08%); on the other hand,
that single pediatric patient had no family history of an im-
mune deficiency disorder.

Kassell et al. (19) determined that the mortality rate was
7%, and full recovery occurred in 86% of the patients in the
18-29 age group, whereas in patients aged >70 years, the
mortality rate increased to 49%, and the full recovery rate
decreased to 26%. The significant negative correlation
between age and GOS score in our study showed that mor-
tality and morbidity rates increased with increasing age,
which was consistent with the study by Kassell et al. Vari-
ous studies have reported an increased MIA incidence
when hypertension, smoking, autosomal dominant PCKD,
and a cerebrovascular disorder in family history were pre-
sent (3,9, 20, 21). In our series, hypertension and smoking
were present with a high incidence, and PCKD was identi-
fied in three patients.

HT has been suggested to be influential on patients' out-
come in SAH due to aneurysm, either single or multiple.
On the other hand in the study by Kaminogo et al., no dif-
ference was reported between MIA patients and those with
a single aneurysm regarding the effect of HT on the out-
come (11). In our study, HT had no significant effect on
patient outcomes in MIA.

Kaminogo et al. reported that the most common MIA loca-
tion was MCA in males and ICA in females (11). Unlike the
study of Kaminogo et al., MCA was the most common lo-
cation of MIA in females and males in our study.

Multiple Intracranial Aneurysms

Sheehan et al.(22), in their study on 897 SAH cases, re-
ported the incidence of hydrocephalus as 25.9%, and Kas-
sell et al.(19) reported this ratio as 15%. The hydrocepha-
lus rate of 16.6% in our study was similar to Kassell's re-
sults, but lower than that of Sheehan's. Tomlinson stated
that severe ischemic findings were present in 40% of pati-
ents who died, whereas, in 40% of the patients, ischemic
findings were less severe (23). During follow-up of our pa-
tients, 12.5%(n=6) developed infarction due to LCI.

Mizoi et al. (5), in their study on 372 MIA cases, reported
the morbidity and morbidity rates as 14-19% and 8%, res-
pectively; however, in the same study, the mortality rate
increased to 27% in MIA of vertebrobasilar system. MIA's
mortality rate was 2% in Yasargil's series (7), and 7.3% in
Suzuki's series. In our study, mortality occurred in 7 pati-
ents (14.6%).

Solomon et al. (24) stated that, during acute phase of SAH,
neurological findings were associated with the amount of
bleeding, which was effective in the development of vasos-
pasm and LCI. Inagawa (25) reported that as the amount
of blood at admission CCT increases, the clinical stage
gets poorer also. Our findings were similar to the findings
of these two studies.

In our study, a significant result was the effect of admission
time on the outcome. When the patient was admitted on
the 4th-day or later following the symptom onset, the pati-
ent outcome worsened. Rosengart et al. stated that the
time from ictus (onset of SAH) to hospital admission had
not affected the outcome (26). Controversially, Weyhen-
meyer et al. reported that the overall distance to a tertiary
medical referral center was strongly effective on prognosis
and complications (27). Our study was consistent with
Weyhenmeyer's study.

The amount of cisternal blood in admission CCT has been
related to mortality and morbidity (19, 28). Kassell et al. re-
ported that GOS score was negatively affected by the amo-
unt of cisternal blood at admission CCT and considered a
prognostic factor (19). In our study, we determined such a
negative effect of Fisher's score on the GOS score, consis-
tent with the study of Kassell et al.

Tapaninaho et al. (29) reported that the amount of blood
on CCT images was effective on hydrocephalus develop-
ment, and in cases with a severe amount of cisternal blood,
hydrocephalus developed with a rate of 16%. Also, they
showed associations between preoperative grade, hydro-
cephalus, and a requirement for shunting procedure; a
shunting procedure was performed with a rate of 10-18%
in Fisher-3 and Fisher-4 cases. In our study, more than
60% of patients with hydrocephalus were either Fisher-3 or
4, and a shunting procedure was performed with a rate si-
milar to Tapaninaho et al.'s result. Since no relationship
was present between the timing of surgical intervention
and hydrocephalus in our study, we think that, besides cli-
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nical follow-up, CCT follow-up is crucial for monitoring en-
largement of ventricles and treatment planning, indepen-
dent from MIA surgery.

A direct relationship between the amount of cisternal blood
and vasospasm was shown in the classification made by
Fisher et al.(30), and vasospasm was most common in
stage-3 cases. Harrod et al.(31) analyzed the medical lite-
rature between 1966 and 2005 to determine the risk factors
for vasospasm developing after aneurysmal SAH and re-
ported that an increased amount of cisternal blood was the
common feature. Most of the cases belonging to either Fis-
her-3(20%-3 cases) or Fisher-4(60%-9 cases) groups in
our study showed a relationship between vasospasm de-
velopment and the amount of cisternal blood. Additionally,
13.3%(2 cases) of the cases who developed vasospasm
had GOS-1 outcome. These two cases revealed that va-
sospasm was a significantly effective factor regarding mor-
tality.

Kassell et al.(4) stated that early surgery enabled better
mechanical cleaning of blood collected in subarachnoid
space and, with the release of arachnoid adhesions, provi-
ded cleaning of arteries by the cerebrospinal fluid; moreo-
ver, these were important for safe use of hypervolemic, hy-
pertensive, anticoagulant treatments. In his study investi-
gating the effect of clot-cleaning through early surgery on
vasospasm(25), Inagawa stated that early surgery had no
difference than late surgery regarding angiographic vasos-
pasm. However, clinically symptomatic vasospasm was
presentin 18% of cases who had undergone early surgical
intervention, whereas 44% of cases in whom surgery was
delayed had clinical manifestations of vasospasm.

Rinne et al. stated that since a more significant number of
vascular structures were required to be manipulated if all
aneurysms were targeted, especially in the presence of int-
raoperative complications, worse outcomes were obser-
ved(2). Thus, in MIA, all or the highest possible number of
aneurysms should be treated, and this has been our treat-
ment protocol. In our clinic, early surgery is preferred in pa-
tients with aneurysmal SAH to avoid recurrent bleeding
and infarction because of vasospasm during the waiting
period. When MIA is diagnosed, our preference is to close
all aneurysms in a single session, if possible. A high WENS
score and hydrocephalus development not necessarily le-
ading to a worse outcome in our study can be explained by
administering effective preoperative and postoperative fol-
low-up with CCT in SAH's clinical management and
aneurysm surgery.

In conclusion, this study led us to suggest that age, the
amount of cisternal blood in the preoperative period, and
postoperatively developing vasospasm and infarction are
risk factors for mortality, but not hypertension and posto-
peratively developing hydrocephalus. Besides, the WFNS
Scoring system is not a reliable predictor of mortality.
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