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ABSTRACT
AIm: The study deals with intraoperative rupture of intracranial aneurysms (IOR) during microsurgery, analyzing factors that may be connected
with IOR.
MaterIal and Methods: During the three-year period (2006-2008), 934 patients were operated for aneurysms at the Institute of
Neurosurgery, CCS, Belgrade. In total, 536 patients were observed.
Results: IOR occurred in 14.7%. Male gender, seizures and timing of surgery proved to be risk factors for IOR. All other tested features had
no significance. Localization {IOR rate 11.93% in ACM, 17.06% in ACA and 17.26% in ACI) and size (small: IOR in 68/439 (15.49%), large: 8/74
(10.8%), and very large: 3/23 (13.04%)} of aneurysm seemed to have an influence, but this could not be proved. The majority of IORs (58.23%)
occurred in early surgery. Early operated patients: IOR occurred in 46/167 (27.54%), intermediary: 25/103 (24.27%), and delayed: 8/266 (3%) –
with highly significant differences.
ConclusIon: Age, hypertension, diabetes mellitus, cardiomyopathy, pregnancy, higher Fisher score, previous IOR, or the presence of
vomiting and headache did not affect the occurrence of IOR, whereas the timing of surgery, male gender and epileptic seizures increased the
risk. Localization and size of aneurysm tend to have an influence but statistical significance was not proved in this study.
Keywords: Intracranial aneurysm, Intraoperative rupture, Risk factors

ÖZ
AMAÇ: Çalışma mikrocerrahi sırasında intrakraniyal anevrizmaların intraoperatif rüptürünü (İOR) incelemekte ve İOR ile ilişkili olabilecek
faktörleri analiz etmektedir.
YÖNTEM ve GEREÇLER: Üç yıllık dönemde (2006-2008) Belgrad’da CCS Nörocerrahi Enstitüsünde 934 hasta anevrizma için ameliyat edilmiştir.
Toplam olarak 536 hasta izlenmiştir.
BULGULAR: İOR %14,7 hastada görülmüştür. Erkek cinsiyet, nöbetler ve cerrahinin zamanının İOR için risk faktörü olduğu bulunmuştur. Diğer
test edilen özelliklerin bir önemi bulunmamıştır. Anevrizmanın lokalizasyonu (İOR oranı ACM ile %11,93, ACA ile %17,06 ve ACI ile %17,26) ve
büyüklüğü (küçük: IOR 68/439 (%15,49), büyük: 8/74 (%10,8) ve çok büyük: 3/23 (%13,04)) bir etkiye sahip gibidir ama bu ispatlanamamıştır.
İOR’lerin çoğunluğu (%58,23) erken cerrahiyle oluşmuştur (erken ameliyat edilen hastalar: IOR 46/167 (%27,54), orta dönem: 25/103 (%24,27)
ve geç: 8/266 (%3)) ve farklar yüksek ölçüde önemlidir.
SONUÇ: Yaş, hipertansiyon, diabetes melitus, kardiyomiyopati, hamilelik, daha yüksek Fisher puanı, önceki İOR, veya kusma ve bulantı
bulunması İOR varlığını etkilemezken cerrahinin zamanlaması, erkek cinsiyet ve epileptik nöbetler riski arttırmıştır. Anevrizmanın yeri ve
büyüklüğünün bir etkisi var gibidir ama bu çalışmada istatistiksel önem ispatlanmamıştır.
ANAHTAR SÖZCÜKLER: İntrakraniyal anevrizma, İntraoperatif rüptür, Risk faktörleri

Introduction
Intracranial cerebral aneurysms remain a top neurosurgical
challenge despite the remarkable achievements of modern
neurosurgery and are still accompanied by high morbidity
and mortality. Many patients with ruptured cerebral aneurysm
pass before reaching the hospital, while half of treated
patients die or live with severe disability after hemorrhage.
Quick and accurate diagnosis is essential in patients with
subarachnoid hemorrhage (SAH). The treatment may be
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surgical and it involves microsurgical dissection by clipping
or endovascular methods (coiling included). Risk of rehemorrhage is the highest in the first hours after the initial
rupture and can occur at any time. Intraoperative aneurysmal
rupture (IOR) is the least desired and potentially lethal
complication of neurosurgical treatment. Meticulous micro
dissection techniques, detailed planning of surgical stages
and predicting possible incidents can lead to the reduction
of mortality and morbidity. Intraoperative rupture of cerebral
aneurysms is scarcely mentioned in literature.
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Data from the literature suggest that the incidence of IOR
of cerebral aneurysms is estimated at 5-50%, (2, 9, 15, 25). In
older studies (11, 19), IOR is more common, probably as the
result of the lack of surgical experience in the pioneering
era of micro neurosurgery. Today’s rate of IOR is much lower
during endovascular procedures and is considered to be
between 2.4% and 2.9%, depending on the published series
(10, 24, 25).
Although undesired and uncontrolled bleeding can occur at
any stage of surgery, there are certain factors that are associated
with a higher risk of intraoperative rupture. According to the
literature, the risk of IOR of cerebral aneurysms increases with
giant aneurysms, aneurysms of the basilar artery, and anterior
communicating artery (8, 15, 20), but the relationship between
localization and the occurrence of IOR is not clearly defined.
Batjer and Samson (3) showed that intraoperative rupture of
aneurysm can be expected at three moments: initial phase of
surgery- during craniotomy, opening the dura or retraction
of the brain (mortality 75%, and incidence of 7%); second
phase during aneurysm preparation for clipping as a result of
blunt or sharp preparation of aneurysm (incidence 48%) and
in the third phase - during clip placement – (incidence 45%).
The intensity of IOR bleeding can be divided into minor,
moderate and severe (15). The intensity of bleeding due to IOR
is in direct correlation with the outcome, as the occurrence
of neurological complications is more certain in the case of
massive bleeding than in the case of bleeding that can be
resolved by simply closing the clip.
Sluzewski et al. indicates that the size of aneurysm substantially affects the appearance of IOR, smaller diameter of aneurysm is associated with the lower rate of IOR (22). According to
several authors, the use of temporary clip in dissection of aneurysms dramatically reduces the incidence of IOR (1, 23, 25).
While the experience of the operating neurosurgeon has
been shown not to affect the incidence of IOR, it has a positive
effect on the ability to find a solution for disastrous bleeding,
it reduces the time of temporary clipping, reduces surgical
mortality and thus improves the outcome (13). Anticipating
difficulties and continuous skill improvement enhance the
effectiveness of surgeons, ultimately leading to better outcomes. IOR is very likely to increase the chance of permanent
neurological deficit or death, and may be a risk factor for the
development of vasospasm and delayed ischemia (4).

This study aims to present our experience in the surgical
treatment of aneurysms and point out the factors that may
influence IOR of intracranial aneurysms.
Material and methods
Over the three-year period from 1 January 2006 to 31
December 2008 at the Neurosurgery Division of the Clinical
Center of Serbia, Belgrade, a total of 934 patients were
operated for brain aneurysms. The 536 patients who met the
criteria and whose medical records were available for analysis
were selected for inclusion in the study (aneurysm surgery
after subarachnoidal hemorrhage, highly experienced
surgeon). A retrospective - prospective study was designed to
analyze factors associated with IOR of intracranial aneurysms,
pre and during treatment. A questionnaire was designed
for the purpose of data statistical processing. The relevant
parameters obtained from the questionnaire were then
entered in a computerized database, and processed using
the Windows XP Pro operating system, Microsoft Office
2003/2007 Pro software package and SPSS for Windows v.13.
Results: Among 536 analyzed patients, IOR occurred in 79
(14.74%), which is consistent with the data from recent
literature. An analysis of demographic data showed that IOR
was present in male patients in 57% compared to 43% in female
patients. The difference is statistically significant and the male
gender is associated with high rate of IOR (Table I). The average
age was approximately 50 years in both groups (with and
without IOR), and the age of patients was not confirmed to be
a risk factor (Table II). One of the issues that arise empirically is,
whether the occurrence of IOR is significantly associated with
the history of hypertension. The data is presented in Table III.
We did not find any significant difference between the groups.
Hypertension was not a risk factor for the occurrence of IOR.
The presence of cardiomyopathy in patients with and
without IOR is shown in Table IV. There was no statistically
significant difference. The presence of diabetes mellitus
(DM) in our series was lower than in general population;
the data is given in Table V with no significant differences.
Pregnancy itself as a risk factor in female patients was
analyzed and data presented in Table VI. There was no
statistically significant difference in the occurrence of IOR,
and pregnancy cannot be considered a risk factor for IOR. In
our study, 21 people had been operated previously, and 1
had IOR during first surgery. The data are shown in Table VII,

Table I: Gender Distribution of IOR of Intractranial Aneurysms

Gender
Male
IOR
Yes
No
Total

n
45
156
201

Female
%
57.0
34.2
37.6

n
34
301
335

Total
%
43.0
65.8
62.4

n
79
457
536

%
100
100
100

These data were analyzed using the method of chi-square test, contingency tables, and on the basis of test results (chi=14.9, df=1, p<0.001), we showed that in
a population of patients with IOR, a statistically significant difference frequency IOR by gender, and that the total number of events significantly more common
in males, so male gender can be considered a risk factor for the occurrence of IOR.
Turk Neurosurg 2015, Vol: 25, No: 6, 858-865
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no significance was found in connection with previous IOR.
In the analysis of preoperative symptoms, we found that
the presence of headache and/or vomiting was even more
frequent in the group of patients who did not subsequently
experience IOR; however, the differences were not statistically
significant, and the presence or absence of headache/
vomiting is not a predicting factor.

The frequency of most commonly reported complaints of
headaches and vomiting, occurring individually or together, is
shown in Table VIII. The data of IOR depending on the seizures,
or history of epilepsy, are shown in Table IX, and analyzed by
chi square test. Statistical significance was found for epilepsy,
and also epileptic seizures or history of epilepsy increased the
risk of IOR.
Values of Fisher score on admission are presented in Table X,
showing that Fisher score on admission was not prognostic
for latter IOR. Table XI shows the distribution of IOR and
localization of aneurysm. Analysis of the data showed no
significant difference, and localization of aneurysm was not a
predictor of IOR in this study. Nevertheless, the frequency of
IOR was not equal in groups in terms of localization. Out of a
total number of aneurysms localized in carotid artery (ACI), IOR
occurred in 20/116 (17.24%), in the anterior communicating
artery (ACA) - 36/211 (17.06%), middle cerebral artery (ACM) 21/176 (11.93%), and posterior circulation (PC) - 2/33 (6.06%),
indicating that carotid and anterior communicating artery
aneurysms tend to rupture during surgery more frequently.
Statistical significance could not be documented in this study.

Table II: Age of Patients and IOR

IOR
Yes
50.56
12.32
50
11
75

x
Sd
Median
The minimum value
The maximum value

No
52.51
11.57
53
2
76

Total
51.60
11.93
52
2
76

There was no statistically significant difference (t=1.31, DF=534, p=0:19).

Table III: Hypertension and IOR

Hypertension
IOR
Yes
No
Total

No
n
47
239
286

Yes
%
59.5
52.2
53.3

n
32
218
250

Total
%
40.5
47.8
46.7

n
79
457
536

%
100
100
100

We analyzed whether hypertension can be identified as major risk factor for IOR. Chi-square test showed no significance in differences p <0.05 according to the
frequency of hypertension between the groups of patients with and without IOR. Frequency of hypertension, on average, was about 46.7 % s in both groups.

Table IV: Patients by IOR and Cardiomyopathy

Cardiomyopathy
IOR
Yes
No
Total

No
n
75
411
486

Yes
%
94.9
90
90.7

n
4
46
50

Total
%
5.1
10
9.3

n
79
457
536

%
100
100
100

Between groups with and without IOR we found no statistically significant difference in preasence of cardiomyopathy (chi-square=1.95, DF = 1, p=0:16).
Therefore, the presence of cardiomyopathy, in this sample, it is not essential for the occurrence of rupture, but clinical experience suggests that its presence can
not be ignored. In both groups cardiomyopathy was present in 9.3% of cases.

Table V: IOR in Correlation with DM

DM
IOR
Yes
No
Total

No
n
77
442
519

Yes
%
97.5
96.8
96.9

n
2
15
17

Total
%
2.5
3.2
3.1

n
79
457
536

%
100
100
100

Further testing using the chi squares, showed not a statistically significant difference between groups (chi-square=0.1, DF=1, p=0.75) with or without diabetes
mellitus. Thus, the comorbidity of DM does not increase the frequency of intraoperative rupture. In both groups in the study we found 3.1% DM.
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Table VI: Pregnancy and IOR

Pregnancy
IOR
Yes
No
Total

No
n
34
298
332

Yes
%
100
98.4
98.6

n
0
5
5

Total
%
0
1.6
1.4

n
34
303
337

%
100
100
100

Between patients with and without pregnancy there was no statistically significant difference in IOR (p = 1.00). Thus, the pregnancy itself, at least in this
sample, it is not crucial for the occurrence of intraoperative rupture in female patients.

Table VII: Patients with IOR and Previous Intraoperative Rupture

Previous IOR
IOR
Yes
No
Total

No
n
78
437
515

Yes
%
98.7
95.6
96.1

n
1
20
21

Total
%
1.3
4.4
3.9

n
79
457
536

%
100
100
100

In our study, very few of those who had previous IOR, and we applied a Fisher ‘s test which did not show a statistically significant difference (p=0:34) in relation
to the existence of a previous rupture, between the groups of patients with and without IOR.

Table VIII: Patients with IOR, and Headaches and/or Vomiting

Headache and / or vomiting
IOR
Yes
No
Total

No
n
11
15
26

Yes
%
13.9
3.3
4.9

n
68
442
510

Total
%
86.1
96.7
95.1

n
79
457
536

%
100
100
100

The analysis of the frequency of headache and/or vomiting–using chi square test, we found significance in differences, more frequent in the group with no IOR.
(chi-square=16.4, DF=1, p<0.001). A headache and/or vomiting may not be a prognostic sign for later IOR.

Table IX: IOR and Epilepsy

Epilepsy
IOR
Yes
No
Total

No
n
26
218
244

Yes
%
32.9
47.8
45.6

n
53
239
292

Total
%
67.1
52.2
54.4

n
79
457
536

%
100
100
100

Using the chi-square test, we found out that epilepsy is significantly more often in group with IOR. History or occurrence of epilepsy are associated with high risk
of IOR (chi-square = 6:02 , DF=1, p=0.014). Epilepsy may be considered a risk factor for IOR.

Table X: Fisher score and IOR

x
Sd
Median
Minimal value
Maximal value

Fisher score in IOR group
2.41
1.07
2
1
4

Fisher score in group without IOR
2.53
0.71
2
1
4

Total
2.47
0.89
2
1
4

In relation to the value of Fisher scores we have not documented statistically significant differences between the two groups of patients (U=3191, p=0.22). That
is, Fisher score on admission is not prognostic factor for later IOR.
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a significant statistical difference between groups. (Tables XIII,
XIV)

Table XII presents the size of aneurysm and IOR. The
percentages of IOR in groups depending on aneurysm size
were as follows: 68/439 (15.48%) in the small group, 8/74
(10.81%) in the medium and 3/23 (13.08 %) in the very large
group without any significant differences.

Discussion
Data from the literature suggest that the incidence of
intraoperative rupture of cerebral aneurysms (IOR) is
estimated to be 5-50%, (2, 13, 25). In older surgical series,
intraoperative rupture was more common and was probably
the result of surgical inexperience in the pioneer era of micro
neurosurgery. Hence, Pertuiset (19) published the incidence
of intraoperative rupture in 61%, with the rupture in distal
aneurysmal sac in 90% of cases. Other authors including Kassell

Analyzing the timing of surgery (Table XIII) showed that 46/79
(58.23%) of IOR happened in early surgery, 25/79 (31.6%)
in the intermediary period and 8/79 (10.13%) in delayed
surgery. In the early surgery group, IOR occurred in 46/167
(27.54%); in the intermediary surgery group (period between
4-10 days after SAH), IOR occurred in 25/103 (24.27%); while
in the delayed surgery group, IOR occurred in 8/266 (3%) with
Table XI: Patients by IOR and the Localization of the Aneurysm

IOR
Localizatin
ACI
ACA
ACM
PC
Total

Yes
n
20
36
21
2
79

No
%
25.3
45.6
26.6
2.5
100.0

n
96
175
155
31
457

Total
%
21.0
38.3
33.9
6.8
100.0

n
116
211
176
33
536

%
21.6
39.4
32.8
6.2
100.0

Both chi-square test and ANOVA method of proportions, showed no statistically significant difference (chi-square=4.56, df=3, p=0:21) in relation to the
localization of the aneurysm between the groups with and without IOR. In other words, it is not possible from the localization of the aneurysm to predict the
IOR.

Table XII: Distribution of Patients According to the Size of Aneurysms

IOR
Yes

No

Size of
aneurismal
sack

n

%

n

Small (<12mm)
big
(12–25mm)
Giant (>25mm)

68
8
3
79

86.1
10.1
3.8
100.0

371
66
20
457

Total
%
81.2
14.4
4.4
100

n

%

439
74
23
536

81.9
13.8
4.3
100

Between patients with and without IOR we found no statistically significant difference in the size of sac (chi-square = 1.16, DF =2, p = 0.56) , which implies that
the size of the aneurysm also has no prognostic significance for IOR.

Table XIII: Timing of Surgery Divided in Two Groups (in first72 Hours and Later) After SAH

IOR

Without IOR

total

n

%

n

%

n

%

Early surgery in
first72hours

46

27.54

121

72.45

167

100

3 and more
days after SAH

33

8.94

336

91.05

369

100

Total

79

457

82.26

536

100

14.7

Analyzing differences between groups by timing of surgery, early operated and others we found p=0,000, showing high significance between groups. IOR is
more likely to occur in early surgery of ruptured aneurysms.
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Table XIV: Timing of Surgery Divided in Three Groups (in First 72 Hours, 3-10 Days, and 11or more Days After SAH

IOR

Without IOR

Total

n

%

n

%

n

%

Early surgery
(first 72 hours)

46

27.54

121

72.45

167

100

Intermediar
3-10 days after
SAH

25

24.27

78

75.72

103

100

Delayed 11 or
more days after
SAH

8

3.0

258

96.92

266

100

79

14.7

457

82.26

536

100

Total

Analysis of differences between three groups by timing of surgery showed differences between all groups to be very significant (p=0,000), IOR is more likely to
occur in early than in intermediar surgery. In intermediar group IOR is less likely to occur than in early group, but more likely than in delayed group.

et al. recorded significantly lower incidence of intraoperative
rupture of 26% (11); Graf and Nibbelink showed a surprisingly
low incidence of intraoperative rupture of 18% in randomized
cooperative studies (9). However, in this series of 228 patients,
postoperative complications were present in more than 70%
of the operated with an overall mortality rate of 44% after six
months of surgery. The incidence of IOR in the latest surgical
series was significantly reduced, hence in the series published
by Leipzig et al. (15), the overall incidence of IOR is 6.7%. Even
less IORs occur during endovascular procedures: 2.4 to 2.9%
(10, 24, 25).
The incidence of IOR in our study was 14.34 %. The variable
incidence of intraoperative rupture of aneurysms is due to
different definitions by different authors, some series also
include minor bleeding that occurred during clip application.
Chandler et al. define the IOR as bleeding that stops and
changes the order of microsurgical procedures, and do not
include minor bleeding which is easily controlled surgically.
We have followed this definition (5). Similar, Giannota et al. in
his report does not include minor bleedings that occur during
clip application and can easily be controlled by closing the
clip (8). However, Le Roux et al. include minor IOR bleeding
(14).
In our study, IOR occurred more frequently in male patients,
and in those with seizures of epileptic history. Both results
are interesting and very hard to comment. Surprisingly, none
tested co-morbidities influencing higher occurrence of IOR.
We could not find similar data in literature to compare with
our results. These findings certainly deserve further analysis.
The relationship between the localization of aneurysm
and the occurrence of IOR is not clearly defined. Sundt et
al. (23) did not find a correlation between the location of
aneurysm and IOR. Schramm and Cedzich (20) indicate more
frequent intraoperative rupture in aneurysms of the anterior
communicating artery while it could not be confirmed
statistically (8) in other series. Aneurysms of the middle
cerebral artery in the individual series are associated with a
Turk Neurosurg 2015, Vol: 25, No: 6, 858-865

lower incidence of IOR. Leipzig et al. (15) indicates a higher
incidence of intraoperative rupture in aneurysms on posterior
inferior cerebellar artery (PICA), anterior communicating (ACA)
and posterior communicating artery (ACoPost). Localization of
the aneurysm of the basilar artery is particularly unfavorable
and the bleeding very difficult to control in case of IOR (4).
We were not able to prove significant differences of IOR
depending on the localization of aneurysm, although the
absolute number of IOR is highest in ACA, and this localization
accounts for 45% of all IORs.
In our series IOR was less common in ACM - (21/176) 11.93%,
and PC aneurysms (2/33) 6.06%, and more common in ACI (20/116) 17.24%, and ACA (36/211) 17.06%.
According to literature data, the size of aneurysm substantially
affects IOR with the smaller aneurysm diameter being
associated with the lower rate of IOR (22). The percent of IOR
in groups depending on the size was as follows: in the small
aneurysm group, it was 68/439 (15.48%), large 8/74 (10.81%),
giant 3/23 (13.04%), without significant differences, therefore
we can conclude that the size of aneurysm was not proved to
be a predictor of IOR.
Although the time of the surgical procedure is not probable
to impact IOR, it is believed that the delayed surgery reduces
the risk of intraoperative ruptures (14, 15). Analysis of surgery
timing showed that 46/79 (58.23%) of IOR happened in early
surgeries (in the first 72 hours after SAH), 46/167 (27.54%)
in intermediary period (4-10th day after SAH) and 25/103
(24.27%) in delayed surgeries (11th day and later) 8/266
(3%). IOR in early surgery group compared to other two
groups merged together, as shown in the early group 46/167
(27.54%), and 33/369 (8.94%) in other two groups, with high
significance of difference. Furthermore, when the data was
separated into three groups by time of surgery, we found
differences between groups to be significant showing that
IOR is most likely to occur in early and far less likely in delayed
surgeries. Having in mind that the risk of re-rupture without
surgery is extremely high in the first days after SAH (5% in the
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first 3 days, and in the first two weeks 20%), and the mortality
rate of 70%, the benefits of early surgery are evident although
early surgery is associated with more IORs as the bleeding can
be controlled and aneurysms clipped.

11. Kassell NF, Boarini DJ, Adams HP Jr, Sahs AL, Graf CJ, Torner
JC, Gerk MK: Overal management of ruptured aneurysm:
Comparison of early and later operation. Neurosurgery 9:
120-128, 1981

Conclusion

12. Kheĭreddin AS, Filatov IuM, Belousova OB, Pilipenko IuV,
Zolotukhin SP, Sazonov IA, Zarzur KhKh: Intraoperative
rupture of cerebral aneurysm--incidence and risk factors. Zh
Vopr Neirokhir Im N N Burdenko 4: 33-38, 2007

Hypertension, diabetes mellitus, cardiomyopathy, pregnancy,
and Fisher score on admission did not affect the occurrence
of IOR of intracranial aneurysms, and neither did the
most common symptoms such as nausea and vomiting.
Surprisingly, male gender and epileptic seizures increased
the risk of IOR in our study. Early surgery was associated with
more frequent IOR, but it has benefits due to the prevention
of uncontrolled rupture and high mortality rate of untreated
patients. The influence of size and localization seemed to exist
although it could not be proved in this study.
References
1. Ausman JI, Diaz GF: Comments on Batjer H, Samson D.
Intraoperative aneurysmal rupture: Incidence, outcome and
suggestions for surgical management. Neurosurgery 18: 706707, 1986
2. Awad IA, Little JR: Perioperative management and outcome
after surgical treatment of anterior cerebral artery aneurysms.
Can J Neurol Sci 18:120-125, 1991
3. Batjer H, Samson D: Intraoperative aneurysmal rupture:
Incidence, outcome and suggestions for surgical
management. Neurosurgery 18: 701-707, 1986
4. Batjer HH in Comments on Leipzig TJ, Morgan J, Horner TG,
Payner T, Redelman K, Johnson CS: Analysis of intraoperative
rupture in the surgical treatment of 1694 saccular aneurysms.
Neurosurgery 56: 467, 2005
5. Chandler JP, Getch CC, Batjer HH: Intraoperative aneurysm
rupture and complication avoidance. Neurosurg Clin N Am 9:
861-868, 1998
6. Chowdhury T, Cappellani RB, Sandu N, Schaller B, Daya
J: Perioperative variables contributing to the rupture of
intracranial aneurysm: An update. ScientificWorldJournal
2013:396404,2013
7. Chowdhury T, Cappellani RB, Sandu N, Schaller B, Daya
J: Controversies in the anesthetic management of
intraoperative rupture of intracranial aneurysm. Anesthesiol
Res Pract 2014:595837, 2014
8. Giannotta SL, Oppenheimer JH, Levy ML, Zelman V:
Management of intraoperative rupture of aneurysm without
hypotension. Neurosurgery 28: 531–535, 1991
9. Graf CJ, Nibbelink DW: Cooperative study of intracranial
aneurysms and subarachnoid hemorrhage. Report on a
randomized treatment study. 3. Intracranial surgery. Stroke 5:
557-601, 1974
10. Guglielmi G, Viñuela F, Duckwiler G, Dion J, Lylyk P,
Berenstein A, Strother C, Graves V, Halbach V, Nichols D:
Endovascular treatment of posterior circulation aneurysms
by electrothrombosis using electrically detachable coils. J
Neurosurg 77: 515-524, 1992

864

13. Lawton MT, Du R: Effect of the neurosurgeon’s surgical
experience on outcomes from intraoperative aneurysmal
rupture. Neurosurgery 57: 9-15, discussion 9-15, 2005
14. Le Roux PD, Elliott JP, Newell DW, Grady MS, Winn HR: The
incidence of surgical complications is similar in good and
poor grade patients undergoing repair of ruptured anterior
circulation aneurysms: A retrospective review of 355 patients.
Neurosurgery 38: 887–893, 1995
15. Leipzig TJ, Morgan J, Horner TG, Payner T, Redelman K,
Johnson CS: Analysis of intraoperative rupture in the surgical
treatment of 1694 saccular aneurysms. Neurosurgery 56:
455-468, 2005
16. Lin TK, Hsieh TC, Tsai HC, Lu YJ, Lin CL, Huang YC: Factors
associated with poor outcome in patients with major
intraoperative rupture of intracranial aneurysm. Acta Neurol
Taiwan 22: 106-111, 2013
17. Nikolć I, Tasić G, Antunović V, Rakić M, Mihajlović M, Joković
M, Stojisavljević M, Kojić Z, Radlović V, Djurović B, Ducić S:
Comparative analysis of the animal model and results of the
clinical research of the aneurysm inclination angle as the
predisposing factor for the occurrence of rupture. Srp Arh
Celok Lek 141:150-154, 2013
18. Pang PKH, Chan KY, Zhu XL: The use of elective temporary
clips in preventing intraoperative cerebral aneurysm rupture,
Annals of the College of Surgeons of Hong Kong 2: 44-48,
2004
19. Pertuiset B: Intraoperative aneurysmal rupture and reduction
by coagulation of the sac. In Pia HW, Langmaid C, Zierski J
(eds), Cerebral Aneurysms - Advances in Diagnosis and
Therapy. Berlin:Springer-Verlag, 1979: 398-401
20. Schramm J, Cedzich C: Outcome and management of
intraoperative aneurysm rupture. Surg Neurol 40: 26-30, 1993
21. Sheth SA, Hausrath D, Numis AL, Lawton MT, Josephson
SA: Intraoperative rerupture during surgical treatment of
aneurysmal subarachnoid hemorrhage is not associated with
an increased risk of vasospasm. J Neurosurg 120: 409-414,
2014
22. Sluzewski M, Bosch JA, van Rooij WJ, Nijssen PC, Wijnalda
D: Rupture of intracranial aneurysms during treatment with
Guglielmi detachable coils: Incidence, outcome, and risk
factors. J Neurosurg 94: 238-240, 2001
23. Sundt TM Jr, Kobayashi S, Fode NC, Whisnant JP: Results and
complications of surgical management of 809 intracranial
aneurysms in 722 cases related and unrelated to grade of
patient, type of aneurysms, and timing of surgery. J Neurosurg
56: 753–765, 1982

Turk Neurosurg 2015, Vol: 25, No: 6, 858-865

Lakićević N. et al: Factors Influencing IOR of Intracranial Aneurysms

24. Viñuela F, Duckwiler G, Mawad M: Guglielmi detachable coil
embolization of acute intracranial aneurysm: Perioperative
anatomical and clinical outcome in 403 patients. J Neurosurg
108(4):832-839, 2008
25. Whittle IR, Viswanathan R: Acute intraoperative brain
herniation during elective neurosurgery: Pathophysiology
and management considerations. J Neurol Neurosurg
Psychiatry 61: 584-590, 1996

Turk Neurosurg 2015, Vol: 25, No: 6, 858-865

26. Zhen Y, Yan K, Zhang H, Zhao S, Xu Y, Zhang H, He L, Shen
L: Analysis of the relationship between different bleeding
positions on intraoperative rupture anterior circulation
aneurysm and surgical treatment outcome. Acta Neurochir
(Wien) 156: 481-491, 2014

865

