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ABSTRACT 

AIm: Complete aneurysm obliteration reduces the risk of rebleeding and is an important goal of the aneurysm treatment.  

mAterIAl and methOds: A retrospective analysis of 63 patients undergoing endovascular treatment of posterior circulation aneurysms. 
The occlusion rate was stratified to three groups: complete, incomplete and partial. In the analysis compared the influence of the selected 
characteristics: age, sex, WFNS grade, aneurysm location, size of the aneurysm dome and neck, neck to dome ratio, on the effectiveness of 
embolization in each group. A multi-factor analysis with probit model and linear regression was applied to assess the impact of all characteristics 
on the complete occlusion.     

results: In the series of 63 single aneurysms, 51 were ruptured and 12 unruptured aneurysms. Complete occlusion was achieved in 36 
(57.1%), incomplete in 15 (23.8%), partial in 12 (19%) patients. In patients with the neck size of 1-2 mm the complete occlusion was in 75% 
(24/32) incomplete in 12,5% (4/32), while when the neck size was 2-4 mm these rates were 38.7% (12/31) and 29% (9/31) respectively. The 
predictor of total occlusion in probit and linear regression model was only one independent variable, the narrow-neck size.   

COnClusIOn: Multi-factor analysis found that the strongest predictor of the complete occlusion is the aneurysm neck size.      

KeywOrds: Aneurysm, Coiling, Posterior cerebral circulation   

ÖZ 

AmAÇ: Tam anevrizma obliterasyonu, tekrar kanama riskini azaltır ve anevrizma tedavisinin önemli bir hedefidir.

yÖntem ve GereÇler: Posterior dolaşım anevrizmalarının endovasküler tedavisi yapılan 63 hastanın retrospektif bir analizi. Oklüzyon oranı 
üç gruba katmanlandırıldı: tam, tam olmayan ve kısmi. Analiz şu seçilen özelliklerin etkisini karşılaştırdı: yaş, cinsiyet, WFNS sınıfı, anevrizma 
konumu, anevrizma kubbesi ve boynunun büyüklüğü, boyun-kubbe oranı ve her grupta embolizasyonun etkinliği. Tam oklüzyon üzerinde 
tüm özelliklerin etkisini değerlendirmek için Probit modeli ve lineer regresyonla multifaktöriyel bir analiz yapıldı.      

BulGulAr: 63 hastalık anevrizma serisinde 51’i rüptüre uğramıştı ve 12’si uğramamıştı. Tam oklüzyon 36 (%57,1), tam olmayan oklüzyon 15 
(%23,8), kısmi oklüzyon 12 (%19) hastada elde edildi. Boyun büyüklüğü 1-2 mm olan hastalarda oklüzyon %75 (24/32) hastada tam, %12,5 
(4/32) hastada tam değilken boyun büyüklüğü 2-4 mm olduğunda bu oranlar sırasıyla %38,7 (12/31) ve %29 (9/31) oldu. Probit ve lineer 
regresyon modelinde total oklüzyon prediktörü olarak dar boyun büyüklüğü şeklinde tek bağımsız değişken bulundu.   

sOnuÇ: Multifaktöriyel analiz tam oklüzyonun en kuvvetli prediktörünün anevrizma boyun büyüklüğü olduğunu gösterdi.        

AnAhtAr sÖZCÜKler: Anevrizma, Sarmal koyma, Posterior serebral dolaşım
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Endovascular Embolization of Ruptured and 
Unruptured Posterior Circulation Aneurysms.                
A Multi-Factor Analysis   
Kavernöz Sinüste Rüptür Gelişmiş ve Gelişmemiş Posterior Dolaşım 
Anevrizmalarının Endovasküler Embolizasyonu. Bir Multifaktöriyel 
Analiz 

InTRoduCTIon 

Aneurysms of posterior circulation account for 10% to 15 % 
of all intracranial aneurysms (4,16). In 8% of patients with 
aneurysmal subarachnoid hemorrhage (SAH) the lesions 
were located at the posterior circulation (6). Neurosurgi-
cal approaches to the treatment of posterior circulation 
aneurysms are complicated by their anatomy (14), the mor-
tality and morbidity of surgery for non-giant unruptured 

posterior circulation aneurysms was estimated as 3.0% and 
12.9% respectively (12). Therefore endovascular techniques 
are useful in the treatment of aneurysms in this region. The 
application of the Guglielmi electrolytically detachable coil 
has enabled a safer and more controlled form of cerebrovas-
cular therapy (16). The aim of the endovascular treatment is 
complete occlusion of the aneurysm dome with coils and 
preventing blood flow into the sac. The degree of occlusion 
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affects the postprocedural prognosis and increases the risk of 
rebleeding. 

Authors report a retrospective analysis of 63 patients harbor-
ing ruptured and unruptured posterior circulation aneurysms 
treated with coil embolization. The aim of this study was to 
evaluate the significant predictors of total aneurysm occlu-
sion including anatomical aneurysm features and patients 
characteristics.

MATeRIAl and MeThodS 

A retrospective analysis of a total number of 63 patients (42 
women and 21 men) with posterior circulation aneurysms 
who underwent diagnostic evaluation and endovascular 
treatment with the use of Gugliemi detachable coils at 
Clinical Hospital of Ministry of Interior in Warsaw between 
1998 and 2003. In this review all patients’ records, operative 
reports, angiographic, magnetic resonance, computed 
tomographic scans, outpatient charts, and telephone follow-
up were subjected to detailed analysis. The World Federation 
of Neurological Surgeons (WFNS) grades were included for all 
patients. All the recruited patients underwent angiographic 
follow-up after 3 months. 

Patients selection

All the patients were qualified for endovascular coil 
embolization of posterior circulation aneurysms by a team 
of doctors consisting of a neurosurgeon, neuroradiologist 
and anesthesiologist. The endovascular procedure was 
undertaken regardless of clinical status, WFNS grades and the 
time elapsed since the origin of SAH. However, efforts were 
made to perform the procedure within 72 hours The diagnosis 
of SAH was made based on the computed tomography 
in emergency department. Patients with concomitant 
intracerebral hemorrhage were referred to the neurosurgical 
department and excluded from the review. In cases with 
unraptured aneurysms elective angiography was performed. 

Statistical analysis

All the results were statistically analyzed using the computer 
software “Statistical Package SPSS 10”. The following statistical 
techniques were used:

1) Chi2 test - to check the compliance schedules of results; 
2) univariate analysis of variance - to test the significance 
of differences between means for parametric variables; 3) 
Kruskal-Wallis test - to test the significance of differences 
between the ranks for nonparametric variables; 4) probit 
model to assess opportunities of complete aneurysm 
occlusion; 5) linear regression analysis - to determine the 
influence of tested variables on the efficacy of treatment. 
The Kolmogorov-Smirnov test was used to check normality 
distribution of variables, and Levene’s test for homogeneity of 
variance. The lowest level of significance was p <0.05. 

The analysis focuses on examining the impact of basic patient 
characteristics (age, sex, WFNS grade, aneurysm location, size 
of the aneurysm dome and neck, the neck to dome ratio) on 

the effectiveness of embolization. For research purposes the 
degree of embolization was stratified to three groups:

I. Patients with the complete embolization (100-95%), when 
the dome and neck were densely filled with coils

II. Patients with the incomplete embolization (95% -90%), 
when neck remnant was observed

III. Patients with partial embolization (below 90%), when 
there was loose packing and persistent opacification of neck 
or dome remnant.

The analysis was proceeded in two stages. The first compared 
the influence of mean values of the selected characteristics 
on the degree of embolization in each group. In the second 
stage a multi-factor analysis with probit model was applied to 
assess the impact of all characteristics on the occlusion rate.

In this binary model the dependent variable (occlusion 
degree) can be graded as 1 (complete embolization, 100%) 
or 0 (incomplete embolization, less than 100%), and patients 
characteristics as the continuous independent variables. 

Linear regression analysis was performed additionally in order 
to verify whether the studied factors (age, sex, WFNS grade, 
aneurysm location, size of the aneurysm dome, and the neck 
to dome ratio) are important predictors of the effectiveness 
of embolization.

ReSulTS

In the series of 63 single aneurysms, in 51 cases SAH was 
observed and in 12 were unruptured aneurysms. The most 
common location was the basilar tip 60.3% (38/63), the second 
was posterior inferior cerebellar artery 19% (12/63), followed 
by the superior cerebellar artery 14.3% (9/63). The size of the 
dome and neck was determined on the arteriography, 27 
(42,9%) aneurysms were small with the diameter of 2-6 mm, 
26 (41.3 %) medium 6-12 mm, and 10 (15.8%) large 12-24 
mm. Of SAH patients, WFNS Grade I was present in 21 (41.2%) 
patients, grade II in 14 (27.5%), III in 10 (19.6%) and IV/V in 6 
(11.8%) (Table I). 

The degree of aneurysmal dome occlusion was determined 
by the operating neurosurgeon and was obtained from the 
dictated operative reports. Complete occlusion was achieved 
in 36 (57,1%) patients, incomplete in 15 (23.8%) and partial 
in 12 (19%) patients. In patients with a neck size of 1-2 mm 
the rate of complete embolization was 75% (24/32) and 
incomplete 12.5% (4/32), while when the neck size was 2-4 mm 
these rates were 38.7% (12/31) and 29% (9/31) respectively. 
In 12 patients the neck to dome ratio was less than 1:2, and 
in this group no total aneurysm embolization was achieved, 
but when this ratio was greater than 1:2 total occlusion was 
observed in 70.6% (36/51) (Table II). Patients from group I had 
significantly smaller mean dome and neck size. Also the mean 
neck to dome ratio was higher in group I (3.3±0.7) than in II 
(2.9 ±1.3) and III (2±1.8). Age appeared to be a differentiating 
factor concerning the occlusion rate. The mean age in the 
group with partial embolization (below 90%) (50.6 years) 
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was significantly higher than in the other two groups (41 
and 41,5 years respectively) (Table III). Percentage of the total 
embolization in WFNS classification was the highest in grade I 
at 71.4% (15/21); followed by II at 50% (7/14), III at 30% (3/10) 
and IV/V at 33.3% (2/6) (Table II).

At the early postoperative period 2 patients died due to 
cerebral vasospasm and pneumonia, and both were classified 
as WFNS grade IV/V. Partial embolization was detected at 
3-month angiographic follow up in 14 patients and additional 
coils were inserted to completely seal off the aneurysm.

Multi-factor evaluation of the effectiveness of embolization 
with the probit analysis indicates the significance of all 
independent variables (characteristics) taken together in the 
model (p<0.001). However, the predictor of total occlusion 
seemed only one independent variable, the neck size 
(parameter estimate = -0.134; z=0.535; p=0.001). A negative 
value of this variable indicated that the smaller the size of the 
neck, the greater chance of successful embolization (Table IV).

The analysis of linear regression was statistically significant 
(p <0.0001) and results were consistent with those from the 
probit model. The full regression model explains 53% of 
the variance of the variable - effectiveness of embolization 
(Beta= -0.73; t=8.35; p<0.001) and only one of the factors 
(aneurysm neck size) was statistically significant (p <0.0001). 
The contribution of other factors in the explanation of the 
variance was slight (Beta not higher than 0.1) (Table IV). 

dISCuSSIon

The authors retrospectively reviewed 63 patients with 
posterior circulation aneurysms treated with endovascular 
coiling. The analysis was designed to investigate the predictors 
of the effectiveness of the embolization. Only the aneurysm 
neck size maintained statistical significance when adjusted 
for all other variables. In the multi-variant model, none of the 

Table I:  Preoperative Characteristics of Patients

Age (years) n %
22 – 35 12 19
36 – 50 42 66.7
51 – 65 9 14.3

Gender
Female 42 66.7
Male 21 33.3

Aneurysm dome size
Small 2-6 mm 27 42.9 
Medium 6-12mm 26 41.3
> 12-24 mm 10 15.8

neck to dome ratio
Less than 1:2 12 19
More than 1:2 51 80.9

localization
Basilar bifurcation 38 60.3
Posterior inferior cerebellar artery 12 19
Superior cerebellar artery 9 14.3
Mid-portion of basilar artery 2 3.2
Distal posterior cerebral artery 2 3.2

Aneurysm neck size
1-2 mm 30 47.6
2-4 mm 24 38.1
> 4 mm 9 14.3

WFnS grade
I 21 41.2 %
II 14 27.5%
III 10 19.6%
IV i V 6 11.8%

Table II: Data Summary of Patients after Posterior Circulation Aneurysm Endovascular Treatment

occlusion rate *
100-95% 95-90% < 90%

General 36 (57.1%) 15 (23.8%) 12 (19%)
neck to dome ratio    

Less than 1:2 0 3 (4.8%) 9 (14.3%)
More than 1:2 36 (57.1%) 12 (19%) 3 (4.8%)

Aneurysm neck size
1-2 mm 24 (38.1%) 4 (6.3%) 2 (3.2%)
2-4 mm 12 (19%) 9 (14.3%) 3 (4.8%)
> 4 mm 2 (3.2%) 4 (6.3%) 3 (4.8)

WFnS grade
I 15 (23.8%) 4 (6.3%) 2 (3.2%)
II 7 (11.1%) 5 (7.9%) 2(3.2%) 
III 3 (4.8%) 4 (6.3%) 3 (4.8 %)
IV and V 2 (3.2%) 2 (3.2%) 2 (3.2%)

* Percentage of all 63 participants in the study in parenthesis.
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remnant, and 6% were incompletely occluded. These results 
favor the neurosurgical treatment on the degree of aneurysm 
occlusion (7). Lambert et al. reported that higher aneurysm 
neck size was found to be significantly correlated with a lower 
final occlusion. In the group with the neck size below 4 mm 
the rate of total occlusion was 62% and in size 4 to 6 mm 38%. 
A similar relation was identified for the aneurysm dome size 
and in the group with dome size <9mm total occlusion was 
66% and in those with size >9mm the rate was 38% (5).

In the series of 275 patients reported by Pandey et al. 
(10) the evaluation of clinical factors (age, sex, location, 
aneurysmal size, presence of shunt, initial occlusion, and coil 
type) showed that only Hunt Hess grade and the absence of 
shunt were significant predictors of good clinical outcome. 
In the same study there was a strong relationship between 
the degree of initial occlusion and subsequent recurrence 
and reached 15.2% in the group with complete occlusion 

factors like age, gender, aneurysm dome size, localization 
or WFNS grade seemed to predict the total occlusion of the 
aneurysm. Total occlusion was achieved in 57.2% of the cases 
and in 81% the occlusion rate was more than 90%. When 
each factor was analysed separately, a significantly smaller 
mean dome and neck size was observed in the group with 
total occlusion compared with other groups. Successful 
embolization was correlated with higher mean neck to dome 
ratio and younger age. 

Multiple case series review in the literature show the rate 
of complete posterior circulation aneurysm occlusion 
varies from 42% to 87.5% (≥95% occlusion) (1-7). In the 
International Subarachnoid Aneurysm Trial (ISAT), 66% of the 
cases after endovascular coiling had complete angiographic 
occlusion, 26% subtotal occlusion or a neck remnant, and 
8% incomplete occlusion with aneurysm refilling. In the 
clipping arm 82% were completely occluded, 12% had a neck 

Table III:  Postprocedural  Outcomes Concerning the Degree of Embolization

100-95% 95-90% <90%
Aneurysm dome size 6.1 mm ± 2.73 10.9 mm ± 4 11.6 mm ± 5.4
Aneurysm neck size 2 mm ± 0.8 4 mm ± 1 6.1 mm ± 3
Neck to dome ratio 3.3  ± 0.7 2.9  ± 1.3 2  ± 1.8
Age 41.5 ± 10.4 41 ± 9.5 50.6 ± 8.9
WFNS grade 1.3 ± 1.3 0.3 ± 0.5 2.2 ± 1.5

Table IV: Probit Model and Linear Regression of Significant Predictors Related to Total Aneurysm Occlusion

Probit model 1 linear regression 2

Factor Parameter 
estimate

Standard 
error z-value p Factor Beta t p

Age 0.030 0.006 0.470 0.641 Neck size -0.73 -8.35 0.0001
Gender 0.074 0.120 0.615 0.542 Gender 0.1 1.07 0.29

Localization Localization 0.08 0.92 0.36
BA-TIP 0.098 0.333 0.294 0.770
SCA 0.252 0.353 0.715 0.478 Dome size -0.06 -0.46 0.65
VA 0.216 0.355 0.607 0.547 Age 0.04 0.44 0.66
PCA 0.386 0.405 0.955 0.344 WFNS grade 0.01 0.13 0.9

Aneurysm features
Dome size -0.014 0.018 -3.818 0.442
Neck size -0.134 0.035 0.535 0.001

WFNS grade
I 0.069 0.129 0.535 0.595
II 0.084 0.209 0.400 0.691
III 0.167 0.171 0.975 0.334
IV 0.429 0.312 1.378 0.174
V 0.358 0.347 1.031 0.308

BA-TIP – basilar tip; SCA - superior cerebellar artery; VA- vertebral artery; PCA- posterior cerebral artery
Results of statistical models
1. F 13,49=4,17; p=0,0001; R2=0,525   2. F = 69,71; p=0,0001; R2 =0,53.
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ConCluSIonS

During the last decades endovascular techniques become a 
therapeutic standard in the treatment of posterior circulation 
aneurysms with lower risks and technical difficulties in 
comparison with microsurgical procedures. This study shows 
that an endovascular approach allows for the total aneurysm 
occlusion in the majority of patients. Multi-factor analysis 
found that the strongest predictor of complete occlusion is 
the narrow-neck size. 
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