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Abstract

Background: Several clinical conditions and factors have been proposed as the outcome predictors in patients with subarachnoid
hemorrhage (SAH) following ruptured intracranial aneurysms. The impact of the intraventricular hemorrhage (IVH), which is com-
monly observed in the anterior communicating artery (ACoA) aneurysm, has not been discussed in detail.
Objectives: The purpose of the study was to compare the outcome of early and delayed aneurysm surgery in patients with SAH
regarding the presence of IVH.
Methods: The study included consecutive ACoA aneurysm patients presenting with subarachnoid hemorrhage, who received mi-
crosurgical aneurysm clipping. The medical records of the patients were reviewed retrospectively. As the outcome, the Glasgow
outcome score was compared between the two groups of the patients, regarding the presence or absence of the IVH.
Results: 101 patients (55 males, 46 females) were enrolled in the study. The initial CT scan revealed the presence of IVH in 49 patients
(mean age 52 ± 11.1 years). 52 patients (mean age 49 ± 10.7 years) had no sign of IVH. Regarding the time of surgery, 25, 44, and 32
patients underwent early (0 - 3 days), intermediate (4 - 14 days), and delayed (> 14 days) surgery from the ictus of SAH, respectively.
The follow-up period was 27 months (range 0.5 - 76 months). The survival rate was 73.5% in the presence of IVH and 94.2% in patients
without signs of IVH, which represented a significant difference in the outcome between the two groups (P < 0.05).
Conclusions: In patients with SAH having aneurysms located in the ACoA associated with the third ventricular hemorrhage, delayed
surgery might be considered in achieving a better outcome.
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1. Background

A ruptured intracranial aneurysm is the leading cause
of non-traumatic subarachnoid hemorrhage (1-3). Brain
computed tomography scan (CT scan) is routinely utilized
in diagnosing and evaluating the subarachnoid hemor-
rhage (SAH), which is occasionally complicated with intra-
ventricular hemorrhage (IVH), hydrocephalus, intracere-
bral hemorrhage, or infarcts (4, 5). The ruptured anterior
communicating artery (ACoA) aneurysms are frequently
accompanied by the IVH, owing to the anatomical proxim-
ity to the lamina terminalis (LT) and the third ventricle (6,
7).

The early microsurgical treatment of the ruptured
aneurysm is usually advised to minimize the risk of com-
plications related to rebreeding (8). However, the strat-
egy of the early surgery could not be applied to all the
patients because surgical planning might be complicated

by several clinical conditions, which are proposed as the
outcome predictors in aneurysm surgery (9). Identifying
these factors and conditions may influence the outcome of
the patients and facilitate decision-making. Although the
IVH is frequently observed in ruptured ACoA aneurysms
(10), its impact on the outcome of the micro-surgically
treated patients has not been discussed in detail.

2. Methods

A series of consecutive ACoA aneurysm patients pre-
senting with subarachnoid hemorrhage to receive cran-
iotomy and aneurysm clipping as the treatment by a single
neurosurgeon were enrolled in a retrospective study. For
comparison, the patients were divided into two groups of
perforated lamina terminalis (PLT) and unperforated lam-
ina terminalis (UPLT), based on the presence of blood in the
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third ventricle in the brain CT scan that was obtained on ad-
mission. Regarding the timing of the surgical intervention
after ictus of aneurysmal bleeding, three surgical groups
were defined: Early surgery (operated within three days),
intermediate surgery (operated within 4 - 14 days), delayed
surgery (operated ≥ 15 days).

All the data including demographics, SAH grading,
time of surgery, surgical complications, and the length of
hospital stay were obtained and compared between the
two groups.

As the outcome and long-term follow-up, the patients
in both study groups were re-assessed at discharge and
follow-ups on 3, 6, 12 months after the surgery. The out-
come was defined according to the Glasgow outcome score
(GOS) as good recovery (score 5), moderate disability (score
4), severe disability (score 3), vegetative state (score 2), and
death (score 1).

2.1. Exclusion Criteria

Due to the complex nature of the cerebrovascular
surgery, the patients harboring giant aneurysm or a
concomitant aneurysm in other locations that were ap-
proached simultaneously were excluded from the study.
The patients harboring an uncontrolled co-existing dis-
ease also were excluded from the study.

2.2. Statistical Analysis

The data were analyzed using SPSS software, version
19.0. The data for the quantitative variables were expressed
as means ± standard deviations (SD) and the values of the
qualitative variables were represented by frequencies and
percentages. The comparison of two qualitative variables
was made using the chi-square or Fisher’s exact tests. Pa-
tient survival rates were analyzed using the Kaplan-Meier
and Cox regression methods. Differences were considered
significant when P values were less than 0.05.

3. Results

3.1. Demographic Data

101 patients (55 males, 46 females) were enrolled in the
study. Based on the initial CT scan on admission, 52 pa-
tients (mean age 49± 10.7 years) had only SAH without any
signs of IVH. The third ventricle hemorrhage was present
in 49 patients (mean age 52 ± 11.1 years), which was as-
sumed as passing the blood from the subarachnoid space
to the third ventricle through the lamina terminalis. The
patients with IVH were assigned to the perforated lamina
terminalis (PLT) group, and the patients without any signs
of IVH were assigned as unperforated lamina terminalis

(UPLT) group. The other data gathered included age, sex,
underlying disease, smoking status, Hunt and Hess (H&H)
grading, the time of surgery, hospital stay, and follow-up
time. There were no statistically significant differences in
these parameters between the two groups. Table 1 presents
the demographic data of the patients.

3.2. Time of Surgery

25 patients underwent early surgery (1 - 3 days after
SAH). 45 surgeries were operated in the late first week or
the second week, and only 32 patients underwent surgery
in the third week after the presentation of the symptoms.
There was no significant difference in the time of surgery
and mortality between the two groups (P = 0.2). How-
ever, in the PLT group, we found a significant difference in
the surgical outcome between early, intermediate, and de-
layed surgery subgroups (P value < 0.05, Figure 1).
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Figure 1. Comparison of GOS between the two groups of patients

3.3. Complications

28 patients experienced some complications related to
the aneurysmal bleeding. One patient in the UPLT group
and two patients in the PLT group had aneurysmal re-
bleeding prior to the surgical treatment. Seven patients
(one of the UPLT and six of the PLT group) deteriorated
due to hydrocephalus that was managed with CSF diver-
sion procedures. Eighteen patients (5 of the UPLT and 13 of
the PLT group) experienced clinical vasospasm, requiring
aggressive medical treatment. However, 73 patients had
none of these complications.

The incidence of complications among patients in the
UPLT group was comparable with that in the PLT group. We
found a significant difference with respect to the rate of
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Table 1. Patients Demographic Characteristicsa

Lamina Terminalis
Total P Value

Unperforated Perforated

Age, y 52 ± 11.1 49 ± 10.7 0.1

Gemder 0.3

Male 30 25 55

Female 22 24 46

Underlying disease 0.6

DM 3 3 6

HTN 13 19 32

IHD 2 2 4

Smoking 0.09

Yes 28 19 47

No 24 30 54

Opium 0.06

Yes 13 5 18

No 39 44 5

H&H 0.06

1 14 15 29

2 28 16 44

3 6 15 21

4 4 3 7

5 0 0 0

Complications 0.000

Hydrocephalus 1 6 7

Vasospasm 5 13 18

Re-bleeding 1 2 3

None 46 27 73

Time of surgery, d 0.2

1 - 3 11 14 25

4 - 14 27 17 44

≥ 15 14 18 32

Hospital stay, d 22.08 ± 10.3 24.33 ± 10 0.2

Follow-up period, mo 28.84 ± 12.45 25.24 ± 14.2 0.3

Abbreviations: DM, diabetes mellitus; HTN, hypertension; H&H, Hunt and Hess; IHD, ischemic heart disease.
aValues are expressed as means ± SD or numbers.

complications between the PLT group and the UPLT group
(P value < 0.05, Table 1).

3.4. Patient Outcome

The mean overall follow-up period was 27 months
(range 0.5 - 76). The corresponding values for the UPLT and
PLT groups were 28 ± 12 and 25 ± 14 months, respectively.

The patient survival rates were 94.2% in the UPLT and 73.5%
in the PLT groups. The overall survival rate was 84.2%. The
one-year patient survival rate was lower in patients with
PLT than in the other group (P value < 0.05) (Table 2).

We found a significant difference between the two
groups according to the GCS (P value < 0.05). Favorable
outcomes (GOS score 4 and 5) were greater and unfavor-
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Table 2. Comparison of Patients’ Survival Rate

Lamina Terminalis Total, No. No. of Events Censored, No. (%) P Value

Unperforated 52 3 49 (94.2)

0.003Perforated 49 13 36 (73.5)

Overall 101 16 85 (84.2)
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Figure 2. Patient survival during the follow-up period
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Figure 3. Overall patients’ survival rate

able outcomes (GOS score 1 - 3) were lower in the UPLT
group (P value < 0.05) (Table 3 and Figures 1 - 4).

4. Discussion

Many aspects of the aneurysm surgery including the
timing of the surgery and outcome predictors are still con-
troversial (11). The authors have different trends to ad-
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Figure 4. Comparison of the time of surgery in the PLT group

vocate either early or late surgery due to the risk of va-
sospasm and surgical complications. Moreover, the prog-
nostic factors and predictive clinical conditions of the
surgical outcome in the aneurysm surgery are also con-
troversial (12, 13). Grading of the SAH, changes in the
blood pressure, electrocardiogram, hyponatremia, hap-
toglobin genotype, neuropeptides, and several biomarkers
have been proposed and assessed to predict the risk of va-
sospasm and outcome after the SAH or aneurysm surgery
(14-17).

No consensus exists regarding the timing for the sur-
gical treatment of the ruptured intracranial aneurysms.
Ross et al. (18) prospectively investigated 1168 patients that
were divided into three groups based on the time of the
surgical intervention. Their results indicated that the only
independent variables affecting the outcome were age and
clinical grading at presentation, and they concluded that
the time of surgery did not significantly affect the surgi-
cal outcome. Similar results have been achieved by some
other authors regarding the time of surgery (19, 20). Con-
versely, other researchers concluded that the outcome is
unsatisfactory when the surgery is done during the inter-
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Table 3. Comparison of Patients’ Glasgow Outcome Score

GOS
Lamina Terminalis

Total P Value
Unperforated Perforated

Death 3 13 16

0.000

Vegetative state 1 3 4

Severe disability 1 9 10

Moderate disability 8 9 17

Good recovery 39 15 55

Total 52 49 101

Abbreviation: GOS, Glasgow outcome score.

mediate period of the event, owing to the increased risk of
the vasospasm (21, 22).

The risk of vasospasm and its related morbidities in
aneurysm surgery during the intermediate phase (days
4 - 15) is obvious (23). Several clinical conditions and
factors have been investigated in the pathophysiological
study of the vasospasm (24). An important clinical condi-
tion, which is commonly observed in the ruptured ACoA
aneurysm, is the presence of the blood in the ventricular
cavity. Although 53% of the ruptured ACoA aneurysms are
accompanied by IVH (25), its effect on surgical outcome
and its relationship with the timing of the surgery have not
been discussed in detail.

Although the early surgery is not agreed by all, it has
been recommended by many authors in the previous re-
lated studies (26, 27). A better surgical outcome decreases
the fatal re-bleeding rate, and hospital stay has been stated
as the benefits of the early surgery (18, 28). We also agree
with the early aneurysm clipping as the main strategy in
the treatment of uncomplicated cases. Nevertheless, in
some cases, more considerations may be needed.

In our experience with the microsurgical treatment of
the ruptured ACoA aneurysm, the presence of IVH was a
significant negative outcome indicator. The patients with
ruptured ACoA aneurysm, whose initial CT scans had been
accompanied by the IVH, had overall a worse surgical out-
come compared to the patients without IVH. Neverthe-
less, with respect to the time of the surgery, the surgical
outcome was more satisfactory in patients that received
delayed microsurgical treatment when IVH had been ob-
served on the initial CT scan.

The exact pathophysiology leading to a worse outcome
in patients with the IVH is still unclear. We speculate this
must be attributed to brain natriuretic peptide (BNP) hy-
persecretion due to direct damage to the hypothalamus
by the passing blood to the third ventricle through the
ruptured lamina terminalis. BNP is considered an impor-

tant cause of development of the cerebral vasospasm in
SAH. Sviri et al. (29) studied the relationship of BNP with
post cerebral vasospasm and found a strong correlation be-
tween BNP and vasospasm. They demonstrated that the
BNP level significantly increased in patients with IVH due
to ACoA involvement. They assumed that close anatomical
proximity of the hypothalamic perforating vessels to the
ACoA complex increased the risk of hypothalamic damage
to the ruptured ACoA aneurysm and a higher chance of al-
terations in the secretion level of BNP (30).

Although the detailed molecular pathophysiology of
the involved mechanism needs further investigations, our
results indicated that the outcome was significantly better
in patients who had received a delayed microsurgical treat-
ment when ruptured ACoA was accompanied by the IVH.
Based on our study, it could be assumed that the leakage
of the blood into the third ventricle in the ruptured ACoA
exposed the patients to the higher risk of surgical morbidi-
ties. Therefore, delayed surgery might be more effective in
the group of patients with ACoA aneurysm.

4.1. Conclusions

In patients with SAH having aneurysms located in the
ACoA that caused lamina terminalis damage associated
with the third ventricular hemorrhage, delayed surgery
was significantly associated with better outcome.

Footnotes

Conflict of Interests: The authors declare that they do not
have any conflict of interest.

Ethical Considerations: All experiments were done in
accordance with the Declaration of Helsinki, Ethical Prin-
ciples for Medical Research Involving Human Subject, ap-
proved by the Research Ethics Committee.

Funding/Support: None to declare.

Arch Neurosci. 2019; 6(1):e83934. 5

http://archneurosci.com


Ramak Hashemi M et al.

References

1. Kitkhuandee A, Thammaroj J, Munkong W, Duangthongpon P, Thana-
paisal C. Cerebral angiographic findings in patients with non-
traumatic subarachnoid hemorrhage. J Med Assoc Thai. 2012;95 Suppl
11:S121–9. [PubMed: 23961631].

2. Risselada R, de Vries LM, Dippel DW, van Kooten F, van der Lugt
A, Niessen WJ, et al. Incidence, treatment, and case-fatality of non-
traumatic subarachnoid haemorrhage in the Netherlands. Clin Neu-
rol Neurosurg. 2011;113(6):483–7. doi: 10.1016/j.clineuro.2011.02.015.
[PubMed: 21420782].

3. van Gijn J, Rinkel GJ. Subarachnoid haemorrhage: Diagno-
sis, causes and management. Brain. 2001;124(Pt 2):249–78. doi:
10.1093/brain/124.2.249. [PubMed: 11157554].

4. Solis OJ, Davis KR, New PF, Roberson GH. Evaluation of intracranial
aneurysms by computed tomography. Rev Interam Radiol. 1976;1(2):1–
8. [PubMed: 1027062].

5. Davis KR, New PF, Ojemann RG, Crowell RM, Morawetz RB, Roberson
GH. Computed tomographic evaluation of hemorrhage secondary
to intracranial aneurysm. AJR Am J Roentgenol. 1976;127(1):143–53. doi:
10.2214/ajr.127.1.143. [PubMed: 180826].

6. Jackson A, Fitzgerald JB, Hartley RW, Leonard A, Yates J. CT ap-
pearances of haematomas in the corpus callosum in patients with
subarachnoid haemorrhage. Neuroradiology. 1993;35(6):420–3. doi:
10.1007/BF00602820. [PubMed: 8377911].

7. Weisberg LA. Ruptured aneurysms of anterior cerebral or anterior
communicating arteries: CT patterns. Neurology. 1985;35(11):1562–6.
doi: 10.1212/WNL.35.11.1562. [PubMed: 4058745].

8. Wong GK, Boet R, Ng SC, Chan M, Gin T, Zee B, et al. Ultra-early (within
24 hours) aneurysm treatment after subarachnoid hemorrhage.
World Neurosurg. 2012;77(2):311–5. doi: 10.1016/j.wneu.2011.09.025.
[PubMed: 22120257].

9. Roganovic Z, Pavlicevic G. Factors influencing the outcome after
the operative treatment of cerebral aneurysms of anterior circula-
tion. Vojnosanit Pregl. 2002;59(5):463–71. doi: 10.2298/VSP0205463R.
[PubMed: 12451725].

10. Stoeter P, Reulen HJ, Groeger U. CT-findings in haemorrhages from
aneurysms of the anterior communicating artery: Correlation with
angiography and clinical course. Acta Neurochir (Wien). 1987;87(1-
2):22–30. doi: 10.1007/BF02076010. [PubMed: 3673678].

11. de Gans K, Nieuwkamp DJ, Rinkel GJ, Algra A. Timing of aneurysm
surgery in subarachnoid hemorrhage: A systematic review of the
literature. Neurosurgery. 2002;50(2):336–40. discussion 340-2. doi:
10.1097/00006123-200202000-00018. [PubMed: 11844269].

12. Pegoli M, Mandrekar J, Rabinstein AA, Lanzino G. Predictors of excel-
lent functional outcome in aneurysmal subarachnoid hemorrhage.
J Neurosurg. 2015;122(2):414–8. doi: 10.3171/2014.10.JNS14290. [PubMed:
25495745].

13. Ozdemir G, Torun S, Bradshaw JR. Effect of circulating pattern and
complicating factors on outcome for ruptured anterior communi-
cating artery aneurysms. Neurol Res. 1992;14(2 Suppl):197–200. doi:
10.1080/01616412.1992.11740051. [PubMed: 1355888].

14. Inagawa T, Yahara K, Ohbayashi N. Risk factors associated with cere-
bral vasospasm following aneurysmal subarachnoid hemorrhage.
Neurol Med Chir (Tokyo). 2014;54(6):465–73. doi: 10.2176/nmc.oa.2013-
0169. [PubMed: 24670311]. [PubMed Central: PMC4533446].

15. Abla AA, Wilson DA, Williamson RW, Nakaji P, McDougall CG, Zabram-
ski JM, et al. The relationship between ruptured aneurysm location,
subarachnoid hemorrhage clot thickness, and incidence of radio-
graphic or symptomatic vasospasm in patients enrolled in a prospec-
tive randomized controlled trial. J Neurosurg. 2014;120(2):391–7. doi:
10.3171/2013.10.JNS13419. [PubMed: 24313610].

16. McGirt MJ, Mavropoulos JC, McGirt LY, Alexander MJ, Friedman AH,
Laskowitz DT, et al. Leukocytosis as an independent risk factor
for cerebral vasospasm following aneurysmal subarachnoid hemor-
rhage. J Neurosurg. 2003;98(6):1222–6. doi: 10.3171/jns.2003.98.6.1222.
[PubMed: 12816268].

17. Smith MJ, Le Roux PD, Elliott JP, Winn HR. Blood transfusion
and increased risk for vasospasm and poor outcome after
subarachnoid hemorrhage. J Neurosurg. 2004;101(1):1–7. doi:
10.3171/jns.2004.101.1.0001. [PubMed: 15255244].

18. Ross N, Hutchinson PJ, Seeley H, Kirkpatrick PJ. Timing of surgery
for supratentorial aneurysmal subarachnoid haemorrhage: Report
of a prospective study. J Neurol Neurosurg Psychiatry. 2002;72(4):480–
4. [PubMed: 11909907]. [PubMed Central: PMC1737846].

19. Nieuwkamp DJ, de Gans K, Algra A, Albrecht KW, Boomstra S,
Brouwers PJ, et al. Timing of aneurysm surgery in subarachnoid
haemorrhage–an observational study in The Netherlands. Acta Neu-
rochir (Wien). 2005;147(8):815–21. doi: 10.1007/s00701-005-0536-0.
[PubMed: 15944811].

20. Ji Y, Meng QH, Xu Z, Zhang QL, Wang ZG. [Correlation of surgical tim-
ing and prognosis for ruptured intracranial aneurysms]. Zhonghua Yi
Xue Za Zhi. 2012;92(13):924–6. Chinese. [PubMed: 22781536].

21. Kassell NF, Torner JC, Haley EC Jr, Jane JA, Adams HP, Kongable GL. The
international cooperative study on the timing of aneurysm surgery.
Part 1: Overall management results. J Neurosurg. 1990;73(1):18–36. doi:
10.3171/jns.1990.73.1.0018. [PubMed: 2191090].

22. Ohman J, Heiskanen O. Timing of operation for ruptured supra-
tentorial aneurysms: A prospective randomized study. J Neurosurg.
1989;70(1):55–60. doi: 10.3171/jns.1989.70.1.0055. [PubMed: 2909689].

23. Daniere F, Gascou G, Menjot de Champfleur N, Machi P, Leboucq
N, Riquelme C, et al. Complications and follow up of subarach-
noid hemorrhages. Diagn Interv Imaging. 2015;96(7-8):677–86. doi:
10.1016/j.diii.2015.05.006. [PubMed: 26119863].

24. Inagawa T. Risk factors for cerebral vasospasm following aneurys-
mal subarachnoid hemorrhage: A review of the literature. World
Neurosurg. 2016;85:56–76. doi: 10.1016/j.wneu.2015.08.052. [PubMed:
26342775].

25. Inagawa T, Hirano A. Ruptured intracranial aneurysms: An autopsy
study of 133 patients. Surg Neurol. 1990;33(2):117–23. doi: 10.1016/0090-
3019(90)90020-P. [PubMed: 2305356].

26. Dorhout Mees SM, Molyneux AJ, Kerr RS, Algra A, Rinkel GJ. Timing
of aneurysm treatment after subarachnoid hemorrhage: Relation-
ship with delayed cerebral ischemia and poor outcome. Stroke.
2012;43(8):2126–9. doi: 10.1161/STROKEAHA.111.639690. [PubMed:
22700527].

27. Haley EC Jr, Kassell NF, Torner JC. The international cooperative study
on the timing of aneurysm surgery. The north american experi-
ence. Stroke. 1992;23(2):205–14. doi: 10.1161/01.STR.23.2.205. [PubMed:
1561649].

28. Zhou GS, Song LJ. Influence of different surgical timing on out-
come of patients with aneurysmal subarachnoid hemorrhage and
the surgical techniques during early surgery for ruptured intracra-
nial aneurysms. Turk Neurosurg. 2014;24(2):202–7. doi: 10.5137/1019-
5149.JTN.7329-12.1. [PubMed: 24831361].

29. Sviri GE, Shik V, Raz B, Soustiel JF. Role of brain natriuretic peptide
in cerebral vasospasm.ActaNeurochir (Wien). 2003;145(10):851–60. dis-
cussion 860. doi: 10.1007/s00701-003-0101-7. [PubMed: 14577006].

30. Sviri GE, Feinsod M, Soustiel JF. Brain natriuretic peptide and cere-
bral vasospasm in subarachnoid hemorrhage. Clinical and TCD cor-
relations. Stroke. 2000;31(1):118–22. doi: 10.1161/01.STR.31.1.118. [PubMed:
10625725].

6 Arch Neurosci. 2019; 6(1):e83934.

http://www.ncbi.nlm.nih.gov/pubmed/23961631
http://dx.doi.org/10.1016/j.clineuro.2011.02.015
http://www.ncbi.nlm.nih.gov/pubmed/21420782
http://dx.doi.org/10.1093/brain/124.2.249
http://www.ncbi.nlm.nih.gov/pubmed/11157554
http://www.ncbi.nlm.nih.gov/pubmed/1027062
http://dx.doi.org/10.2214/ajr.127.1.143
http://www.ncbi.nlm.nih.gov/pubmed/180826
http://dx.doi.org/10.1007/BF00602820
http://www.ncbi.nlm.nih.gov/pubmed/8377911
http://dx.doi.org/10.1212/WNL.35.11.1562
http://www.ncbi.nlm.nih.gov/pubmed/4058745
http://dx.doi.org/10.1016/j.wneu.2011.09.025
http://www.ncbi.nlm.nih.gov/pubmed/22120257
http://dx.doi.org/10.2298/VSP0205463R
http://www.ncbi.nlm.nih.gov/pubmed/12451725
http://dx.doi.org/10.1007/BF02076010
http://www.ncbi.nlm.nih.gov/pubmed/3673678
http://dx.doi.org/10.1097/00006123-200202000-00018
http://www.ncbi.nlm.nih.gov/pubmed/11844269
http://dx.doi.org/10.3171/2014.10.JNS14290
http://www.ncbi.nlm.nih.gov/pubmed/25495745
http://dx.doi.org/10.1080/01616412.1992.11740051
http://www.ncbi.nlm.nih.gov/pubmed/1355888
http://dx.doi.org/10.2176/nmc.oa.2013-0169
http://dx.doi.org/10.2176/nmc.oa.2013-0169
http://www.ncbi.nlm.nih.gov/pubmed/24670311
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4533446
http://dx.doi.org/10.3171/2013.10.JNS13419
http://www.ncbi.nlm.nih.gov/pubmed/24313610
http://dx.doi.org/10.3171/jns.2003.98.6.1222
http://www.ncbi.nlm.nih.gov/pubmed/12816268
http://dx.doi.org/10.3171/jns.2004.101.1.0001
http://www.ncbi.nlm.nih.gov/pubmed/15255244
http://www.ncbi.nlm.nih.gov/pubmed/11909907
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1737846
http://dx.doi.org/10.1007/s00701-005-0536-0
http://www.ncbi.nlm.nih.gov/pubmed/15944811
http://www.ncbi.nlm.nih.gov/pubmed/22781536
http://dx.doi.org/10.3171/jns.1990.73.1.0018
http://www.ncbi.nlm.nih.gov/pubmed/2191090
http://dx.doi.org/10.3171/jns.1989.70.1.0055
http://www.ncbi.nlm.nih.gov/pubmed/2909689
http://dx.doi.org/10.1016/j.diii.2015.05.006
http://www.ncbi.nlm.nih.gov/pubmed/26119863
http://dx.doi.org/10.1016/j.wneu.2015.08.052
http://www.ncbi.nlm.nih.gov/pubmed/26342775
http://dx.doi.org/10.1016/0090-3019(90)90020-P
http://dx.doi.org/10.1016/0090-3019(90)90020-P
http://www.ncbi.nlm.nih.gov/pubmed/2305356
http://dx.doi.org/10.1161/STROKEAHA.111.639690
http://www.ncbi.nlm.nih.gov/pubmed/22700527
http://dx.doi.org/10.1161/01.STR.23.2.205
http://www.ncbi.nlm.nih.gov/pubmed/1561649
http://dx.doi.org/10.5137/1019-5149.JTN.7329-12.1
http://dx.doi.org/10.5137/1019-5149.JTN.7329-12.1
http://www.ncbi.nlm.nih.gov/pubmed/24831361
http://dx.doi.org/10.1007/s00701-003-0101-7
http://www.ncbi.nlm.nih.gov/pubmed/14577006
http://dx.doi.org/10.1161/01.STR.31.1.118
http://www.ncbi.nlm.nih.gov/pubmed/10625725
http://archneurosci.com

	Abstract
	1. Background
	2. Methods
	2.1. Exclusion Criteria
	2.2. Statistical Analysis

	3. Results
	3.1. Demographic Data
	Table 1

	3.2. Time of Surgery
	Figure 1

	3.3. Complications
	3.4. Patient Outcome
	Table 2
	Table 3
	Figure 2
	Figure 3
	Figure 4


	4. Discussion
	4.1. Conclusions

	Footnotes
	Conflict of Interests
	Ethical Considerations: 
	Funding/Support: 

	References

