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Background and purpose: The aim of this study was to compare results of clipping and coiling

for aneurysms of the anterior circle of Willis. Previous studies have not identified a clear

superiority of one method over the other.

Material and methods: The study group included 165 consecutive patients. The assessment

took into account the risk of death, neurological status according to the scale of the GOS and

mRS, the incidence of early complications and quality of life measured by own surveys and

questionnaire EORTC QLQ-C30 v. 3.0.

Results: Mean follow-up was more than four years. Early and late results of treatment after

embolization and clipping for all patients did not differ. Evaluation of patients with bleeding

aneurysms demonstrated better outcomes after embolization, however statistical significance

was observed only in terms of symptomatic scale score of QLQ-C30 questionnaire ( p = 0.02). For

patients with non-bleeding aneurysms better outcomes were obtained after clipping, but

statistical significance was found only in the early results: more excellent results in GOS score

at discharge ( p < 0.03) and fewer complications during hospitalization ( p = 0.02).

Conclusions: Results of treatment after clipping and coiling do not differ in total for all

patients, but differ depending on the presence of bleeding. Patients with bleeding aneurysms

achieve better outcomes after coiling, and patients with non-bleeding aneurysms achieve

better outcomes after clipping.

# 2014 Polish Neurological Society. Published by Elsevier Urban & Partner Sp. z o.o. All

rights reserved.
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1. Introduction

Owing to the development of the vascular neurosurgery in the
middle of the 20th century clipping has become an unrivalled
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method of treating intracranial aneurysms [1]. The new
revolution has been brought about by the introduction of
the detachable coils in 1990 by Guido Guglielmi and the Boston
Scientific company briefly called GDC (Guglielmi Detachable
Coils) [2]. In the following years there was a rapid development
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and popularization of the endovascular embolization in the
treatment of cerebral aneurysms supported by technical
progress with regard to the structure of the coils and the
methods of their application. The introduction of stents, first
described by Higashida in 1997, has additionally broadened the
possibilities and the range of the indications as to the treatment
[3]. Coiling, initially treated as a complementary method applied
in cases of limited possibilities of surgical treatment, has not
only become competitive but in certain fields started to
substitute clipping. Contemporarily, in the majority of cases
the primary aim of treating aneurysms which is the protection
from bleeding may be obtained both by clipping and coiling. The
advantage of the embolization is a shorter time of the procedure,
a reduction of typical surgical complications such as infections
or bleeding and the unnecessity of the brain compression and its
aftermaths. The less permanent effect of treatment and,
consequently, more frequent necessity of repeating interven-
tion are considered to be the biggest disadvantages of coiling
[4,5]. Moreover, more frequently aneurysms initially planned for
endovascular treatment are eventually clipped than the other
way round [6,7]. In case of certain complications after
embolization, namely uncontrolled dislocation of coils from
the aneurysm sack to the artery, the surgical intervention may
give a chance to level the negative sequelae [8]. For these
reasons, regardless of the increasing quality and rapid
improvement of endovascular techniques there are no progno-
ses for classical surgical methods to be displaced.

The growing experience of applying both methods has
allowed to elaborate certain preferences as to the choice of the
treatment. The localization of the lesion plays a particularly
significant role. In neurosurgery, with regard to the differences
in the difficulty of accessing, a division into an anterior and
posterior part of the circle of Willis has been commonly
accepted. The superiority of embolization has been naturally
and indisputably acknowledged for the aneurysms of the
posterior part of the circle which are significantly harder to
access surgically. Noticeable tendencies that differentiate the
results of treatment are also formed with regard to such
parameters as the size of the aneurysms, the age of the
patients, their initial condition and more specific localizations,
yet they contemporarily remain more as observations than
certainties [4,5,9–11]. On the contrary, in case of the aneurysms
located in the anterior part of the circle of Willis, there are no
premises indicating the predominance of either method.
Certainly, there are comparisons presenting better results
after embolization; nevertheless, their critical analysis and the
assessment of late results throw doubt on such unambiguous
conclusions. Alike is the case of ISAT – currently the biggest
and the most well-known prospective study which directly
compares the results of treating bleeding aneurysms with
clipping and endovascular embolization [12,13]. There are
some randomized trials concerning bleeding aneurysms,
however the number and quality of studies comparing the
results of treatment of unruptured aneurysms is insufficient.
For these reasons, apart from the aneurysms occurring in the
posterior part of the circle, the choice between the endovas-
cular embolization and clipping as the optimal form of
treatment remains opened.

The aim of this research was to compare the early and late
results of treating intracranial aneurysms located in the anterior
part of the circle of Willis with the use of two different methods:
clipping and endovascular embolization. An attempt has been
undertaken to answer the question whether the results of the
treatment with these methods vary and if they depend on the
presence or absence of bleeding from the aneurysm.

2. Materials and methods

The assessment embraced all 165 consecutive patients treated
for aneurysms located in the anterior part of the circle of Willis
in the years 2003–2008. In 24 cases more than one aneurysm
was treated in one patient. Twelve patients underwent more
than one procedure (from 2 to 4). Three patients were
excluded: two of them with non-bleeding aneurysm treated
with both endovascular and surgical methods and one person
with unfavourable results of simultaneous treatment of the
ruptured basilar artery aneurysm.

The decision about the type of therapy was taken by the
neurosurgeon on the basis of the evaluation of the condition of
the patients, the results of the imaging, the opinion of the
interventional neuro-radiologist and the choice of the patients
themselves, if their condition allowed for a conscious consent.
In some cases the choice of the method was limited by its
availability. The technical limitations always concerned coiling,
never clipping.

The study evaluated the outcome of patients instead of
particular aneurysms. For the assessment the Glasgow Outcome
Scale (GOS) [14] and the modified Rankin scale (mRs) [15] were
applied. For estimating the quality of life the quality of life
questionnaire EORTC QLQ-C30, version 3.0 [16,17] was employed
as well as a self-created survey which included questions about
the change in the overall health condition after treatment,
coming back to work and other possible changes in the social
functioning. The condition on the day before the intervention or
the day of the intervention was assumed to be the initial
condition whereas the treatment results were estimated for two
periods: the condition on the last day of hospitalization and the
condition after at least one year from the procedure. The grades 4
and 5 on the GOS scale and 0, 1 and 2 on the mRs scale were
assumed as a ‘‘good’’ result. The ‘‘death’’ result corresponded
with the grade 1 on the GOS scale and 6 on the mRs scale. Due to
the expected significant majority of good results in the treatment
of non-bleeding aneurysms another group has been distin-
guished of ‘‘very good’’ results embracing the grade of 5 on the
GOS and 0 and 1 on the mRs scale. For the assessment of the early
complications all significant, undesirable events were acknowl-
edged, not only those which could be directly related with the
given procedure. The complications which were conceived as
significant were those that did not abate before being discharged
and influenced the functioning of the patients.

The shortest time of observation was 19 months and the
longest 94 months. The middle time was 52.2 months (SD
� 19.2), which is more than 4 years. The majority of the group
(69.8%; n = 113) were women. The age varied from 21 to 78
years, 51.9 years on average (SD � 10.4, median = 52 years). The
examined group contained 86 patients with bleeding and 76
patients with non-bleeding aneurysms. Among 48 patients
coiling was performed and among 114 patients the aneurysms
were clipped.
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Fig. 1 – Distribution of patients in groups I–V of Hunt and Hess scale in patients with bleeding aneurysms (X – insufficient data
to determine the state).
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The assessment of the late results was available in 134
cases out of 162 i.e. 82.7% of the patients. Eight patients did not
fill in or filled the questionnaires improperly; therefore, the
estimation of the quality of life was only possible among 103
people altogether.

For the purposes of the analysis the group of 162 patients
was subdivided into four groups:

A. People with bleeding aneurysms treated with endovascular
embolization (n = 17).

B. People with non-bleeding aneurysms treated with endo-
vascular embolization (n = 31).

C. People with bleeding aneurysms treated with clipping
(n = 69).

D. People with non-bleeding aneurysms treated with clipping
(n = 45).
The late results of the treatment were assessed among the

following number of patients in each group: A = 16, B = 27,
C = 55, D = 36 (134 altogether).
Table 1 – Comparison of outcome for all coiled and clipped an

All aneurysms 

Early outcome
Death 

Good outcome GOS (4,5) 

Very good outcome GOS (5) 

Significant complications 

Late outcome
Death 

Good outcome GOS (4,5) 

Very good outcome GOS (5) 

Good outcome mRs (0,1,2) 

Very good outcome mRs (0,1) 

Self-assessment – without comp
Deterioration of social functioni
Back to work 

EORTC QLQ-C30 mean values Functional scale 

Symptom scale 

Global health status 
Before comparing the outcome the homogeneity of the
above-mentioned groups of patients was checked according to
their gender and age and for the bleeding aneurysms
additionally according to the initial condition established
with the Hunt and Hess scale.

The significance level of p = 0.05 was acknowledged to be
relevant for the verification of the presumed hypotheses.

3. Results

3.1. The comparison of the homogeneity of the groups

In all sets of groups of patients divided according to the
method of the treatment (coiling versus clipping) no signifi-
cant differences were observed with relation to the gender and
age. In the group of patients with bleeding aneurysms (A + C) a
greater percentage of women was stated than in the group
with non-bleeding (B + D): 78.9–61.6%, p = 0.02.
eurysms.

Coiling Clippling p

n (%) n (%)

3 (6.3%) 10 (8.8%) 0.62
33 (71.7%) 78 (69.0%) 0.73
18 (39.1%) 48 (42.5%) 0.70
16 (33.3%) 27 (23.7%) 0.21

7 (16.3%) 16 (17.6%) 0.85
34 (79.1%) 69 (75.8%) 0.67
22 (51.2%) 45 (49.5%) 0.85
34 (79.1%) 66 (72.5%) 0.41
22 (51.2%) 48 (52.7%) 0.86

romising 25 (78.1%) 55 (77.5%) 0.94
ng 11 (35.5%) 27 (38.6%) 0.77

13 (54.2%) 20 (46.5%) 0.55
70.3 67.0 0.78
25.5 25.6 0.62
58.3 57.2 0.81



Table 2 – Comparison of outcome for bleeding aneurysms.

Bleeding aneurysms Coiling Clippling p

n (%) n (%)

Early outcome
Death 1 (5.9%) 9 (13.0%) 0.39
Good outcome GOS (4,5) 7 (43.8%) 35 (51.5%) 0.58
Very good outcome GOS (5)
Significant complications 7 (41.2%) 23 (33.3%) 0.55

Late outcome
Death 5 (31.3%) 15 (27.3%) 0.76
Good outcome GOS (4,5) 11 (68.8%) 34 (61.8%) 0.61
Very good outcome GOS (5)
Good outcome mRs (0,1,2) 11 (68.8%) 31 (56.4%) 0.37
Very good outcome mRs (0,1)
Self-assessment – without compromising 6 (75.0%) 24 (64.9%) 0.57
Deterioration of social functioning 2 (28.6%) 22 (59.5%) 0.12
Back to work 3 (42.9%) 9 (37.5%) 0.80

EORTC QLQ-C30 mean values Functional scale 76.8 61.6 0.22
Symptom scale 15.5 23.9 0.02
Global health status 65.8 53.8 0.12

Results that differ significantly are bolded.
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In the comparison of the array of patients with embolized and
clipped bleeding aneurysms (Fig. 1) among particular groups (I–V)
on the Hunt and Hess scale with the use of a test for two fractions
no important difference was discovered. However, comparing the
array of the patients between coiling and clipping in some groups,
especially II and IV, considerable differences may be observed
reaching more than double. In this respect it ought to be assumed
that the fact of not discovering significant differences is the effect
of a too little number of patients in the examined groups rather
than an actual lack of difference.

3.2. The comparison of the results of the treatment

After summarizing the results it has been stated that the
outcomes for non-bleeding aneurysms are far better than of
Table 3 – Comparison of outcome for non-bleeding aneurysms

Non-bleeding aneurysms 

Early outcome
Death 

Good outcome GOS (4,5) 

Very good outcome GOS (5) 

Significant complications 

Late outcome
Death 

Good outcome GOS (4,5) 

Very good outcome GOS (5) 

Good outcome mRs (0,1,2) 

Very good outcome mRs (0,1) 

Self-assessment – without compr
Deterioration of social functionin
Back to work 

EORTC QLQ-C30 mean values Functional scale 

Symptom scale 

Global health status 

Results that differ significantly are bolded.
those with bleeding ones (B + D/A + C). Such results had been
obvious and therefore the presentation of the analysis in these
groups has been omitted.

For all the examined parameters no significant differences
were observed between the total results of the patients with
embolized and clipped aneurysms (A + B/C + D) both in the
early and long-term period (Table 1).

As far as the late assessment of the patients with bleeding
aneurysms, better results of the treatment were revealed
among the people who had undergone embolization; still, the
statistical significance was only acknowledged with regard to
the medium score of the symptomatic scale of the quality of
life EORTC QLQ-C30 questionnaire (Table 2).

In the assessment of the patients with non-bleeding
aneurysms better results of the treatment were noticed among
.

Coiling Clippling p

n (%) n (%)

2 (6.5%) 1 (2.2%) 0.34
26 (86.7%) 43 (95.6%) 0.17
16 (53.3%) 35 (77.8%) <0.03
9 (29.0%) 4 (8.9%) 0.02

2 (7.4%) 1 (2.8%) 0.40
23 (85.2%) 35 (97.2%) 0.07
17 (63.0%) 27 (75.0%) 0.30
23 (85.2%) 35 (97.2%) 0.07
17 (63.0%) 27 (75.0%) 0.30

omising 19 (79.2%) 31 (91.2%) 0.20
g 9 (37.5%) 5 (15.2%) 0.053

10 (58.8%) 11 (57.9%) 0.95

68.1 72.4 0.22
28.9 27.3 0.95
55.8 60.9 0.40
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people who had undergone clipping; yet, the statistical signifi-
cance was only obtained with regard to the early results: more
‘‘very good’’ scores on the GOS scale at the point of being
discharged and less complications during the hospitalization.
With regard to the late results, however, the differences in neither
of the parameters obtained statistical significance though being
close in some cases: more ‘‘good’’ scores on the GOS and mRs
scales in the late assessment ( p = 0.07) and less frequent cases of
a relapse in the social functioning ( p = 0.053) (Table 3).

4. Discussion

4.1. The controversies in the epidemiology of the
intracranial aneurysms

Significant differences start at the stage of determining the
prevalence of intracranial aneurysms. Often proclaimed the
value of 5% should be treated with caution because the spread of
the results calculated on the basis of autopsy or radiologic
examinations is high and ranges from 0.2 to 9%. Most published
results of large studies are within 0.4–6% [9,18–22]. Only the
epidemiologic data concerning the subarachnoid haemorrhage
(SAH) may be regarded as coherent and well documented. Fear of
recurrent bleeding, which is burdened with a high, more than
70% mortality warrant preventive treatment [23,24]. On the other
hand, before deciding on undertaking the treatment of the non-
ruptured aneurysms, additional role is played by the knowledge
of the risk of the initial bleeding which has not yet been precisely
determined. The authors of the most extensive studies have
calculated it at the level of 1–2% annually [21,22,25–27]. These
data were shaken by the results of a multicenter study ISUIA,
the first retrospective part was published in 1998 [28], and the
extension including prospective part in 2003 [29]. The results of
the research confirmed earlier observations that the risk of
aneurysm rupture increases with its size; however, the risk
concerning the small aneurysms, especially the anterior
circulation, proved unexpectedly low. In the first part it was
established that the annual risk of the rupture of silent
aneurysms diameter up to 10 mm equals 0.05%. In the second
part, cumulated, 5-year-long risk of the rupture of the anterior
circle of Willis aneurysms was calculated at the value of 0% for
the aneurysms smaller than 7 mm without finding a single case
of bleeding in this group, 2.6% for 7–12 mm, 14.5% for 13–24 mm
and 40% for 25 mm and bigger. The aneurysms of the posterior
part of the circle equalled respectively 2.5%, 14.5%, 18.4% and
50%. Such unexpected results were even more surprising due to
the fact that in clinical practice bleeding from the small
aneurysms is not rare. The ISUIA research was currently the
biggest and the most systemized attempt to assess the natural
course of the intracranial aneurysms and the risk of treatment
carried in accordance with the accepted standards of the
Evidence-based Medicine. For this reason the announced results
had wide repercussions among neurosurgeons and in many
medical centres influenced the approach towards small aneur-
ysms. Official recommendations by authorities appeared in i.a.
‘‘Stroke’’ in 2000 [6] suggesting that the risk of treating exceeds
the risk natural course of the disease and therefore small
aneurysms should not be treated at all. After a time, there is a lot
of controversy about the ISUIA study. The main doubt became
the dissonance between the risk of rupture of the small
aneurysms and the observable in practice number of bleedings
from small aneurysms which is impossible if the frequency of
aneurysms do not exceed a few percent. On the basis of the
American population, Winn et al. outnumbered that if such a low
risk of rupture of the small aneurysms was accepted the
frequency of their occurrence would need to reach not few but
tens of percent to cause the approximately 30,000 cases of
subarachnoid haemorrhages in the United States annually with
the assumption that half of them derived from small aneurysms.
[30] Down to the fact that the epidemiologic data: incidence of
bleeding and the prevalence of the aneurysms have ground basis,
such a low probability of rupture of small aneurysms that was
claimed by the ISUIA could be regarded as unreliable. It was
noticed that the inclusion of patients had been a result of a careful
selection anddid not reflect theprofile of patients with aneurysms
of the general population [31,32]. Only patients who had not
undergone treatment after neurosurgical assessment were
qualified for the observation. Undoubtedly observed aneurysms
were considered to be safer. Most probably this was the reason
why a smaller number of patients with aneurysms of the anterior
cerebral artery and the anterior communicating artery complex
(10%) were entered into the study than in general population
(>30%). During the observation period, which lasted an average of
4.1 years 51 cases of confirmed aneurysm rupture were noticed.
534 out of the initial group of 1692 patients were excluded and
submitted to treatment. Among them were, probably, patients in
whom an increase of the risk of rupture was suspected due to e.g.
enlargement of the aneurysm. Another 193 people were excluded
due to their death. In 52 cases among them the cause of death was
an intracranial bleeding and heart attack in only 14. The cause of
death of 11 patients was not known. Therefore, among the overall
number of 63 deceased as a result of intracranial bleeding and
unknown causes in the major part the cause of death could have
been ruptured aneurysms. In this respect the conclusions of the
ISUIA concerning small aneurysms seem useless in clinical
practice except the confirmation that intuitive assessment of
neurosurgeons in choosing ‘‘safer’’ aneurysms is effective.

In 2004 Mocco et al. published an analysis of a number of
research in the field of the natural course of unruptured
aneurysms including ISUIA. By this analysis, the annual risk of
rupture of 7–10 mm aneurysm is approximately 1% and
increases with the increasing size [33].

Inasmuch as the morbidity rate from subarachnoid
haemorrhage increases with age, an increase in the frequency
of SAH should be expected due to the ageing of the population.
However, the statistical reports do not confirm such findings.
In the paper published by de Rooij et al. [34] it has been stated
that between 1950 and 2005 the morbidity from SAH decreased
by 0.6%. The data could confirm the effectiveness of the
prophylaxis: better control of the arterial hypertension and a
reduction in the percentage of smokers, and perhaps some-
what confirms the validity and effectiveness of preventive
treatment of silent aneurysms.

4.2. The results of the treatment in other studies and their
faults

In the majority of published studies and meta-analyzes the
risk of death and morbidity after clipping rated for a few to over
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a dozen percent [6]. To exemplify, King et al. [35] in 1994
claimed the postsurgical death rate at the level of 1% whereas
the neurological relapse at 4.1%. Raaymakers et al. [36] in 1998
calculated respectively 2.6% and 10.9%. In the analyses better
results have been observed in more recent works. The
administrative data from the discharge forms in New York
and California [6], however, suggest worse results of the
treatment: the death rate 2.5–3% and complications rate 21.3–
22.4%. In the prospective part of ISUIA the total death rate and
morbidity after 1 year was estimated at the level of 15% [29].
Against this background the results of endovascular treatment
seem encouraging especially those from recent years. In 2008
two prospective multicenter research were broadcasted that
concerned endovascular treating of brain aneurysms. The
HELPS [37] embraced people with ruptured and unruptured
aneurysms noticing only 2 deceases among 218 cases of
unruptured aneurysms (0.9%). In the ATENA research 739
aneurysms were treated in 649 patients [38]. The early
neurological complications were stated amidst 5.4% of the
patients.

So far ISAT remains the largest, most well-known,
international, randomized trial directly comparing the results
of the treatment of bleeding aneurysms by clipping and
endovascular embolization remains ISAT [12,13]. A bad result
was death and dependency of patients included in mRs scale
of 3–6 points. After one year of follow-up poor outcome was
observed in 30.6% of patients after clipping and in 23.7% of
patients after coiling. Due to a significant difference in 2002 the
recruitment was ceased at the number of 2143 patients but
only 1594 of them completed a one-year observation period
and the fate of the remaining 549 is unknown. The candidates
were selected from among 9559 patients with SAH, which
represents about 22% of the total, and only 17% of those who
completed the study. After 5 years the results of treatment
equalized. Among survivors 83% were independent (0–2 points
on the mRs) in the coiling group, and 82% in the clipping group.
A statistically significant difference was only given in the
deaths: 112 (11%) after embolization and 144 (14%) after
clipping. However, as Bakker et al. [39] indicated, for the
calculation of the real results, the deceases from the period
between the randomization and surgery should have been
omitted. In this period in 17 patients awaiting coiling recurrent
bleeding was noticed and 7 of them died, whereas among
patients who awaited clipping, 28 cases of recurrent bleeding
were noticed and 19 of them died. The difference may have
resulted from a longer waiting period in case of clipping (1.7
days) than coiling (1.1 days). After subtracting the number of
deaths before the treatment the difference between coiling
and clipping reduced without reaching statistical significance.

In another major trial BRAT carried in a single medical
centre and embracing 500 patients with SAH with the
assumptions similar to ISAT, analogous results were pre-
sented. Ultimately 403 patients were assessed: death or
dependence was stated among 33.7% of people after clipping
and among 23.2% after embolization. What is noticeable in
this case is the fact that 75 patients who were initially
planned for endovascular treatment were eventually sub-
mitted for surgery mainly down to anatomical difficulties. By
contrast, only four patients planned for surgery were treated
endovascularily [7].
The comparisons of outcome after treatment of unruptured
aneurysms remain less elaborated. In the II part of the ISUIA trial
published in 2003 [29] the rate of mortality and morbidity one
year after treatment was found to be 12.6% for clipping and 9.8%
for coiling. The possibility of a direct comparison of the results of
both groups is limited due to the initial difference between the
groups and unclear qualification principles. In 1999 Johnston
et al. [40] published the results of the treatment of unruptured
aneurysms in university hospitals in the USA. 18.5% of patients
after clipping died or were discharged not to their homes and
that was only 10.6% of patients after embolization. Nevertheless
the groups were again incomparable.

4.3. The limitations of our research

The most important seems the scarce number of testees
(n = 162) which provides statistically weaker results after
subdividing. Moreover, the research embraces material from
a single centre and is strictly ground in the local realities shaped
by organizational limitations, the availability of the equipment,
the skills and the learning curve of the doctors performing the
surgeries. The endovascular embolization was carried out by
two neuroradiologists whereas the surgeries were performed by
several neurosurgeons wherein the majority of the clipped
aneurisms were supplied by a single, experienced surgeon.

The research was not randomized. Therefore, regardless of the
homogeneity tests of the groups, the individual choice of the
method of treatment could disturb the balance in relationwith the
unknown prognostic factors. It has to be indicated that the choice
of method was often limited by its availability. The limitations
always concerned coiling, never clipping. They were related to a
temporal lack of staff or equipment for coiling. The embolizations
were conducted only in a planned mode. In emergencies beyond
typical working hours only neurosurgeons were available and in
such situations the aneurysms were usually clipped. We sought
as soon as possible to treat bleeding aneurysms hence emerged
much larger number of subgroup of clipped bleeding aneurysms
(n = 69) compared to coiled ones (n = 17).

No statistical significance was stated upon the comparison
of the homogeneity of the groups; however, the distribution of
the embolized and clipped bleeding aneurysms in certain
groups along Hunt–Hess scale was not equal. Patients in worse
condition were more often qualified for coiling. In the context
of the obtained results such an array reinforces the indicated
difference in favour of the embolization among patients with
bleeding aneurysms.

In two patients with non-bleeding aneurysms who were
excluded, coiling applied was yet ineffective and complicated.
Eventually they underwent surgical treatment. In these cases
the neurological relapse and decrease of the quality of life
burden embolization. Therefore, if they were included in the
embolized group the observed differences in the results would
increase in favour of clipping.

5. Conclusions

1. The early and long-term results of treating both bleeding
and non-bleeding aneurysms of the anterior part of the
circle of Willis are no different.
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2. Among the patients with bleeding aneurysms better results
can be obtained by applying endovascular embolization.

3. Among patients with non-bleeding aneurysms better
results may be obtained by applying clipping.

4. The results of the research suggest that with the lack of
other circumstances as to the choice of treatment in case of
the bleeding aneurysms the priority should be given to the
endovascular treatment. On the other hand, in case of non-
bleeding aneurysms it is clipping that should be considered
first.

Conflict of interest

None declared.

Acknowledgement and financial support

None declared.

Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; Uniform Requirements for manuscripts submit-
ted to Biomedical journals.

r e f e r e n c e s

[1] Flamm E. History of neurovascular surgery: I. Cerebral
aneurysms and subarachnoid hemorrhage. In: Greenblatt
S, editor. History of neurological surgery. Park Ridge: AANS
Publishers; 1997. p. 259–70.

[2] Guglielmi G. History of the genesis of detachable coils. A
review. J Neurosurg 2009;111:1–8.

[3] Higashida R, Smith W, Gress D, Urwin R, Dowd C, Balousek
P, et al. Intravascular stent and endovascular coil
placement for a ruptured fusiform aneurysm of the basilar
artery. Case report and review of the literature. J Neurosurg
1997 Dec;87(6):944–9.

[4] Le Roux P, Winn H, Newell D. Management of cerebral
aneurysms. Philadelphia: Saunders; 2003.

[5] Lanzino G, Guterman L, Hopkins L. Endovascular treatment
of aneurysms. In: Winn HR, editor. Youmans neurological
surgery. Philadelphia: Saunders; 2004. p. 2057–78.

[6] Bohman L, Winn H, LeRoux P. Surgical decision making for
the treatment of intracranial aneurysms. In: Winn HR,
editor. Youmans neurological surgery. Philadelphia:
Saunders; 2011. p. 3756–71.

[7] McDougall C, Spetzler R, Zabramski J, Partovi S, Hills N,
Nakaji P, et al. The barrow ruptured aneurysm trial. J
Neurosurg 2012;116(January (1)):135–44.

[8] Mariak Z, Kochanowicz J, Kordecki K, Lewko J, Lyson T,
Jadeszko M, et al. Chirurgiczna ewakuacja spirali
embolizacyjnej przemieszczonej do tętnicy środkowej
mózgu. Neurol Neurochir Pol 2004;38(5 Suppl. 2):123.

[9] Bederson JB, Connolly ES, Batjer HH, Dacey R, Dion J,
Diringer M, et al. Guidelines for the management of
aneurysmal subarachnoid hemorrhage: a statement for
healthcare professionals from a Special Writing Group of
the Stroke Council, American Heart Association. Stroke
2009;40:994–1025.

[10] Brisman J, Soliman E, Kader A, Neurosurgery for cerebral
aneurysm. Medscape [serial online]. Available from: http://
emedicine.medscape.com/article/252142-
overview#aw2aab6b4 [updated 10.07.12].

[11] Szmuda T, Słoniewski P, Dzierżanowski J, Rut M. Czynniki
rokownicze śmiertelności po operacji pękniętych tętniaków
tętnicy szyjnej wewnętrznej. Neurol Neurochir Pol 2011;45
(6):543–55.

[12] Molyneux A, Kerr R, Birks J, Ramzi N, Yarnold J, Sneade M,
et al. Risk of recurrent subarachnoid haemorrhage, death,
or dependence and standardised mortality ratios after
clipping or coiling of an intracranial aneurysm in the
International Subarachnoid Aneurysm Trial (ISAT): long
term follow-up. Lancet Neurol 2009;8(May (5)):427–33.

[13] Molyneux A, Kerr R, Yu L. International subarachnoid
aneurysm trial (ISAT) of neurosurgical clipping versus
endovascualr coiling in 2143 patients with ruptured
intracranial aneurysms: a randomized comparison of
effects on survival, dependency, seizures, rebleeding,
subgroups and aneurysm occlusion. Lancet 2005;366
(9488):809–17.

[14] Jennett B, Bond M. Assessment of outcome after severe
brain damage. Lancet 1975;1(7905):480–4.

[15] Bonita R, Beaglehole R. Modification of Rankin Scale:
recovery of motor function after stroke. Stroke 1988;19
(December (12)):1497–500.

[16] Aaronson N, Ahmedzai S, Bergman B, Bullinger M, Cull A,
Duez N, et al. The European Organization for Research and
Treatment of Cancer QLQ-C30: a quality-of-life instrument
for use in international clinical trials in oncology. J Natl
Cancer Inst 1993;85:365–76.

[17] Fayers P, Aaronson N, Bjordal K, Groenvold M, Curran D,
Bottomley A, et al. EORTC quality of life group. The EORTC
QLQ-C30 scoring manual. 3rd ed. Brussels: European
Organisation for Research and Treatment of Cancer; 2001.

[18] Becker K. Epidemiology and clinical presentation of
aneurysmal subarachnoid hemorrhage. Neurosurg Clin N
Am 1998;9(July (3)):435–44.

[19] Biousse V, Newman N. Aneurysms subarachnoid
hemorrhage. Neurosurg Clin N Am 1999;10(October (4)):
631–51.

[20] Brisman J, Song J, Newell D. Cerebral aneurysms. N Engl J
Med 2006;355(August (9)):928–39.

[21] Britz G, Winn H. The natural history of unruptured saccular
cerebral aneurysm. In: Winn HR, editor. Youmans
neurological surgery. Philadelphia: Saunders; 2004. p. 1781–91.

[22] Rinkel G, Djibuti M, Algra A, van Gijn J. Prevalence and risk
of rupture of intracranial aneurysms: a systematic review.
Stroke 1998;29:251–6.

[23] Jane J, Winn H, Richardson A. The natural history of
intracranial aneurysms: rebleeding rates during the acute
and long term period and implication for surgical
management. Clin Neurosurg 1977;24:176–84.

[24] Kassell N, Torner J, Haley E, Jane J, Adams H, Kongable G.
The international cooperative study on the timing of
aneurysm surgery. Part 1: Overall management results. J
Neurosurg 1990;73(1):18–36.

[25] Juvela S, Porras M, Poussa K. Natural history of unruptured
aneurysms: probability and risk factors for aneurysm
rupture. J Neurosurg 2000;93:379–87.

[26] Rinkel G. Natural history, epidemiology and screening of
unruptured intracranial aneurysms. Rev Neurol (Paris)
2008;164(October (10)):781–6 [Epub 2008 September 3].

[27] Taylor CL, Youan Z, Selman W. Cerebral arterial aneurysm
formation and rupture in 20,767 elderly patients:

http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0005
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0005
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0005
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0005
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0010
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0010
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0015
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0020
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0020
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0025
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0025
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0025
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0030
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0030
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0030
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0030
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0035
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0035
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0035
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0040
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0040
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0040
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0040
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0045
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0045
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0045
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0045
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0045
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0045
http://emedicine.medscape.com/article/252142-overview
http://emedicine.medscape.com/article/252142-overview
http://emedicine.medscape.com/article/252142-overview
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0055
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0060
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0065
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0070
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0070
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0075
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0075
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0075
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0080
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0085
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0085
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0085
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0085
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0090
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0090
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0090
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0095
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0095
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0095
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0100
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0100
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0105
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0105
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0105
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0110
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0110
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0110
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0115
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0120
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0120
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0120
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0120
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0125
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0125
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0125
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0130
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0130
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0130
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0135
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0135


n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 4 8 ( 2 0 1 4 ) 1 2 2 – 1 2 9 129
hypertension and other risk factors. J Neurosurg
1995;83:812–9.

[28] The International Study of Unruptured Intracranial
Aneurysms Investigators. Unruptured intracranial
aneurysms – risk of rupture and risks of surgical
intervention. N Engl J Med 1998;339:1725–33.

[29] The International Study of Unruptured Intracranial
Aneurysms Investigators. Unruptured intracranial
aneurysms: natural history, clinical outcome, and risks of
surgical and endovascular treatment. Lancet 2003;362:
103–10.

[30] Winn H, Jane J, Taylor J, Kaiser D, Britz G. Prevalence of
asymptomatic incidental aneurysms: review of 4568
arteriograms. J Neurosurg 2002;96:43–9.

[31] Ausman J. Why the international study of unruptured
intracranial aneurysms has lost credibility with
neuroscientists. Surg Neurol 2002;58:287–90.

[32] Ausman J. The unruptured intracranial aneurysm
study-II: a critique of the second study. Surg Neurol
2004;62:91–4.

[33] Mocco J, Komotar R, Lavine S, Meyers P, Connolly E,
Solomon R. The natural history of unruptured intracranial
aneurysms. Neurosurg Focus 2004;15(November (175)). E3.

[34] de Rooij N, Linn F, van der Plas J, Algra A, Rinkel G.
Incidence of subarachnoid haemorrhage: a systematic
review with emphasis on region, age, gender and time
trends. J Neurol Neurosurg Psychiatry 2007;78:1365–72.

[35] King J, Berlin J, Flamm E. Morbidity and mortality from
elective surgery for asymptomatic, unruptured, intracranial
aneurysms: a meta-analysis. J Neurosurg 1994;81:837–42.

[36] Raaymakers T, Rinkel G, Limburg M. Mortality and
morbidity of surgery for unruptured intracranial
aneurysms. A meta-analysis. Stroke 1998;29:1531–8.

[37] White P, Lewis S, Nahser H, Sellara R, Goddardd T, Gholkar
A. HydroCoil Endovascular Aneurysm Occlusion and
Packing Study (HELPS Trial): procedural safety and
operator-assessed efficacy results. Am J Neuroradiol
2008;29(February):217–23.

[38] Pierot L, Cognard C, Spelle L, Moret J. Safety and efficacy of
balloon remodeling technique during endovascular
treatment of intracranial aneurysms: critical review of the
literature. Am J Neuroradiol 2012;33(January (1)):12–5.

[39] Bakker N, Metzemaekers J, Groen R, Mooij J, van Dijk J.
International Subarachnoid Aneurysm Trial 2009:
endovascular coiling of ruptured intracranial aneurysms
has no significant advantage over neurosurgical clipping.
Neurosurgery 2010;66(May (5)):961–2.

[40] Johnston S, Dudley R, Gress D, Ono L. Surgical and
endovascular treatment of unruptured cerebral aneurysms
at university hospitals. Neurology 1999;52:1799–805.

http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0135
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0135
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0140
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0140
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0140
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0140
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0145
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0145
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0145
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0145
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0145
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0150
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0150
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0150
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0155
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0155
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0155
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0160
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0160
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0160
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0165
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0165
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0165
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0170
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0170
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0170
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0170
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0175
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0175
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0175
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0180
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0180
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0180
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0185
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0185
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0185
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0185
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0185
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0190
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0190
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0190
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0190
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0195
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0195
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0195
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0195
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0195
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0205
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0205
http://refhub.elsevier.com/S0028-3843(14)00056-5/sbref0205

	Clipping versus coiling for intracranial aneurysms
	Introduction
	Materials and methods
	Results
	The comparison of the homogeneity of the groups
	The comparison of the results of the treatment

	Discussion
	The controversies in the epidemiology of the intracranial aneurysms
	The results of the treatment in other studies and their faults
	The limitations of our research

	Conclusions
	Conflict of interest
	Acknowledgement and financial support
	Ethics
	References


