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Abstract
Background The treatment of ruptured posterior circulation aneurysms remains challenging despite progresses in the
endovascular and neurosurgical techniques.
Objective To provide epidemiological characterization of subjects presenting with ruptured posterior circulation aneurysms in
Switzerland and thereby assessing the treatment patterns and neurological outcomes.
Methods This is a retrospective analysis of the Swiss SOS registry for patients with aneurysmal subarachnoid hemorrhage.
Patients were divided in 3 groups (upper, lower, and middle third) according to aneurysm location. Clinical, radiological, and
treatment-related variables were identified and their impact on the neurological outcome was determined.
Results From 2009 to 2014, we included 264 patients with ruptured posterior circulation aneurysms. Endovascular occlusion was
the most common treatment in all 3 groups (72% in the upper third, 68% in the middle third, and 58.8% in the lower third).
Surgical treatment was performed in 11.3%. Favorable outcome (mRS ≤ 3) was found in 56% at discharge and 65.7% at 1 year.
No significant difference in the neurological outcome were found among the three groups, in terms of mRS at discharge (p =
0.20) and at 1 year (p = 0.18). High WFNS grade, high Fisher grade at presentation, and rebleeding before aneurysm occlusion
(p = 0.001) were all correlated with the risk of unfavorable neurological outcome (or death) at discharge and at 1 year.
Conclusions In this study, endovascular occlusion was the principal treatment, with a favorable outcome for two-thirds of patients
at discharge and at long term. These results are similar to high volume neurovascular centers worldwide, reflecting the importance
of centralized care at specialized neurovascular centers.
Keywords Aneurysmal subarachnoid hemorrhage . Posterior circulation . Intracranial aneurysms . Ruptured aneurysms .
Endovascular procedures . Intracranial vasospasm . Hydrocephalus

Introduction
Background and rationale
Aneurysmal subarachnoid hemorrhage (aSAH) accounts for
about 5% of strokes [5, 30]. The reported incidence of aSAH
This article is part of the Topical Collection on Vascular Neurosurgery Aneurysm
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variates according to the region from 3 to 20 cases for 100,000
person-years [5].
Ruptured aneurysms may be located in the anterior part
of the circle of Willis (internal carotid artery, middle cerebral artery, anterior cerebral artery, and anterior communicating complex) or in the posterior circulation
(vetebrobasilar system and posterior cerebral artery) [2,
29]. Posterior circulation aneurysms account for 10–15%
of aSAH, whereas the anterior circulation lesions represent the large majority [14]. Endovascular occlusion for
ruptured posterior circulation aneurysms is accomplished
in up the 85% of cases, while surgical treatment is indicated in specific cases based on aneurysm morphology
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and location and the presence of large hematomas requiring evacuation [1, 35, 36].
Surgical occlusion of ruptured posterior circulation aneurysms remains challenging due to the rarity of these aneurysms combined with the lesser familiarity and the more difficult surgical exposure compared to the anterior circulation
[14, 44]. Furthermore, due to the rarity of these aneurysms,
detailed clinical outcome data are lacking [44].

Objective
By reviewing the data from the nationwide database of the
Swiss Study On Aneurysmal Subarachnoid Hemorrhage
(Swiss SOS; http://www.swiss-sos.ch) [33], this study aims
to provide an epidemiological characterization of subjects
presenting with a posterior circulation aSAH in Switzerland
and thereby assessing the treatment patterns and neurological
outcomes.
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et al. [32](Fig. 1), namely, (1) upper third (basilar artery tip,
posterior cerebral artery (PCA), superior cerebellar artery
(SCA), post-communicating segment of the PCA (P2)), (2)
the middle third (basilar trunk and anterior-inferior cerebellar
artery (AICA)), and (3) the lower third (posterior-inferior cerebellar artery (PICA), vertebro-basilar junction (VA-BA junction), vertebral artery (VA)).
Treatment and interventions were analyzed for these three
groups.
The complications considered in our analysis were the
following:
–

Methods
Study design
–
We performed a retrospective analysis of anonymized data
from the Swiss SOS registry, a nationwide cohort study for
aSAH (https://clinicaltrials.gov/ct2/show/NCT03245866).
Ethics committee approval was obtained from 7 participating centers (under the supervision of the Geneva Ethics
Committee Board no. 11-233R, NAC 11-085R). Prespecified uniform definitions were used for recorded variables, and data were entered into a Secutrial™ platform
(InterActive Systems GmbH, Berlin, Germany), at the time
of patient discharge and follow-up. Swiss SOS study registry
and methods of collection of data and analysis have been
published previously [3], [24, 31, 37, 48].

Patients and variables
After retrospective chart review of the Swiss SOS registry on
aSAH, all patients with ruptured posterior circulation aneurysms were included.
Patient characteristics at presentation in terms of age, sex,
World Federation of neurosurgical Society (WFNS) grading
scale at admission (before resuscitation) [28], Fisher grade [6],
and epilepsy and aneurysm morphology were collected.
Treatment variables were the aneurysm occlusion modality
(endovascular, surgical, combined, or none), the placement
of an external ventricular drain (EVD) or ventriculoperitoneal (VP) shunt, and endovascular treatment for vasospasm. For subgroup analysis, aneurysm locations were
subdivided into 3 groups based on common anatomic compartments according to the classification described by Sanai

–
–

–

Rebleeding before aneurysm occlusion: a sudden clinical
deterioration with signs of increased hemorrhage on consecutive computed tomography (CT) scans, or if no CT
scan was obtained, sudden clinical deterioration
suspected to be the cause of rebleeding with fresh blood
in the ventricular drain. In addition, acute clinical deterioration (e.g., acute neurological deterioration, bradycardia, or sudden blood hypertension) at the emergency department or before imaging were considered as
rebleeding. Acute clinical deterioration before admission
was not taken into account [43];
Hydrocephalus defined as the dilatation of the cerebral
ventricles requiring cerebrospinal fluid (CSF) diversion
(EVD or VP shunt placement);
Symptomatic vasospasm requiring endovascular
treatment;
Clinical deterioration attributable to delayed cerebral ischemia was defined as the development of new focal
neurological signs and/or deterioration in level of consciousness, lasting for more than 1 h attributed to delayed
cerebral ischemia (DCI) [42];
Cerebral infarction attributable to DCI and not related to
the primary bleed or treatment [42].

The modified Rankin score (mRS) [41] at discharge
(Fig. 2) and at 1-year follow-up (Fig. 3) was used to assess
the clinical outcome for the 3 groups. For the correlation analysis between clinical and treatment variables and the neurological outcome, the mRS was dichotomized as follows: (1)
favorable outcome (mRS ≤ 3), (2) unfavorable (mRS 4–5), or
(3) dead (6). A survival analysis was also performed for the
three groups.

Statistical method
We applied Fisher’s exact tests to assess the associations between aneurysm location and the categorical outcomes and
Kruskal-Wallis tests to assess the associations between aneurysm location and the modified Rankin score. Survival time
(months) was estimated by means of the Kaplan-Meier function, whereby data were censored for patients alive at the last
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Fig. 1 Artist drawing showing distribution of aneurysms. VA vertebral
artery, AICA antero-inferior cerebellar artery, SCA superior-cerebellar
artery, BA basilar artery, PCA posterior cerebral artery, P2 P2 segment

of the posterior cerebral artery, VA-BA j. vertebral artery-basilar artery
junction. © 2018, Marion Brun, Department of Otorhinoloaryngology
and Head and Neck Surgery, Centre Hospitalier Vaudois (CHUV)

known follow-up date. A log-rank test was applied to compare
the survival curves of the three groups. The Kaplan-Meier function was also used to estimate median length of follow-up, with
data censored in case of death. We also calculated mean followup time for those patients who were still alive at the last followup date. We analyzed the data on the statistical package Stata®,
version 14 (StataCorp LP, Lakeway Drive, TX, USA).

During a period of 6 years, from January 1, 2009, to
December 31, 2014, from 1864 eligible aSAH patients, 264

(14.2%) patients presented with a posterior circulation aneurysmal rupture. The mean age was 55.8 year (range 16–88). A
female preponderance was observed with 180 women
(68.2%). The median follow-up limited to living patients
was 0.95 months (range 0.033–79.5) estimated with the
Kaplan-Meyer method. Overall, ruptured posterior circulation
aneurysms were similarly distributed between the upper (n =
125, 47.35%) and the lower third (n = 114, 43.18%) while the
middle third accounted for 9.47% of the overall series (n =
25). The detailed distributions are reported in Fig. 1. High (3–
5) WFNS score was present in 50% of patients in the upper
third location, 60% in the middle third, and 54.4% in the lower
third. Cranial nerve deficits at admission were present in
19.6% patients in the upper third, 21.7% in the middle third,
and 21.2% in the lower third group. Overall, 16.5% of patients

Fig. 2 Stacked bar chart of the modified Rankin score (mRS) at discharge.
The clinical outcome was assessed with the use of the mRS, an outcome scale
assessing handicap in stroke patients (refs here). The seven outcome categories
are no symptoms at all, no significant disability despite symptoms (able to
carry out all usual duties and activities), slight disability (unable to carry out all

previous activities, but able to look after own affairs without assistance),
moderate disability (requiring some help, but able to walk without
assistance), moderately severe disability (unable to walk without assistance
and unable to attend to own bodily needs without assistance), severe disability
(requires constant nursing care and attention, bedridden, incontinent), dead

Results
Patients characteristics and aneurysm distribution
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Fig. 3 Stacked bar chart of the modified Rankin score (mRS) at
12 months. The clinical outcome was assessed with the use of the mRS,
an outcome scale assessing handicap in stroke patients (refs here). The
seven outcome categories are no symptoms at all, no significant disability
despite symptoms (able to carry out all usual duties and activities), slight
disability (unable to carry out all previous activities, but able to look after

own affairs without assistance), moderate disability (requiring some help,
but able to walk without assistance), moderately severe disability (unable
to walk without assistance and unable to attend to own bodily needs
without assistance), severe disabiity (requires constant nursing care and
attention, bedridden, incontinent) dead

presented with epilepsy and 73.3% with ventricular hematoma. Clinical and radiological presentation was similar among
the 3 aneurysm groups with no statistical difference in terms
of WFNS score at admission, cranial nerve deficit, epilepsy,
and ventricular hematoma.

infarction attributable to DCI (p = 0.27), or rebleeding prior
to aneurysm exclusion (p = 0.09).

Treatment modality

Overall, favorable outcome (mRS ≤ 3) was found in 56%
(148/264) at discharge and 65.7% (159/264) at 1 year.
Clinical outcome in terms of mRS at discharge were as
follows:

Endovascular occlusion was the most common treatment in all
3 groups (72% in the upper third, 68% in the middle third, and
58.8% in the lower third). Surgical treatment was in most
cases reserved for aneurysms of the lower third (19.3% vs
6.4% in the upper third and 0% in the middle third respectively). Combined treatment was accomplished in 4% of the upper
third patients (5/125), in 12% of the middle third patients
(3/25), and 0.9% in the lower third (0.9%). No statistical difference among the distribution of the treatment modality
among the three patients subgroups (p = 0.004, calculated
with the Fisher exact test).
Patients with no aneurysm treatment were 17.6% in the
upper third (22/125), 20% in the middle third (5/25), and the
21% in the lower third (24/114).

Neurological outcome (Figs. 2 and 3)

–
–
–

Upper third patients: favorable mRS in 55.2% of cases
(69/125), unfavorable outcome in 19.2% (24/125), death
in 25.6% (32/125)
Middle third patients: favorable mRS in 40% of cases
(10/25), unfavorable mRS in 28% (7/25), death in 32%
(8/25)
Lower third patients: favorable mRS in 60.5% of cases
(69/114), unfavorable mRS in 17.5% (20/114), death in
22% (25/114)

Clinical outcome in terms of mRS at 1 year after treatment
were as follows:

Complications (Table 1)
–
Patients presenting with hydrocephalus required external ventricular drainage in 66.6% and ventriculo-peritoneal shunt in
21% of cases. Among the three groups, there was no difference between the rate of temporary and definitive CSF diversion (p values, 0.65 and 0.5 respectively). No statistically significant difference was found between the three groups for
vasospasm requiring endovascular treatment (p = 0.26), clinical deterioration attributable do DCI (p = 0.1), cerebral

–
–

Upper third patients: favorable mRS in 64% of cases (73/
114), unfavorable outcome in 4.4% (5/114), death in
31.6% (36/114)
Middle third patients: favorable mRS in 54.5% of cases
(12/22), unfavorable mRS in 4.5% (1/22), death in 41%
(9/22)
Lower third patients: favorable mRS in 69.8% of cases
(74/106), unfavorable mRS in 5.6% (6/106), death in
24.6% (26/106)
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Complications

Complication

Aneurysm location
Upper third N (%)

Middle third N (%)

Lower third N (%)

p value

Hydrocephalus with temporary CSF diversion (EVD placement)
Hydrocephalus with definitive CSF diversion (VP shunt)

78/125 (62.4)
33/125 (26.4)

18/25 (72)
4/25 (16)

76/114 (66.6)
24/114 (21)

0.65
0.5

Vasospasm requiring EVT (chemical or mechanical dilatation)

21/125 (16.5)

2/25 (8)

12/114 (10.5)

0.26

Clinical deterioration due to DCI
Cerebral infarction due to DCI

35/125 (28)
14/125 (11.2)

7/25 (28)
3/25 (12)

19/114 (16.6)
9/114 (7.8)

0.1
0.27

Rebleeding before aneurysm treatment

7/125 (5.6)

0

2/114 (1.7)

0.09

P values for the comparisons of the variables among the three aneurysms subgroups calculated with the Fisher exact test
CSF cerebrospinal fluid, DCI delayed cerebral ischemia (see text for details), EVD external ventricular drainage, EVT endovascular treatment, VP shunt
ventriculo-peritoneal shunt

Correlation analysis between clinical, radiological,
treatment variables, and mRS at discharge (Table 2)
Age ≥ 65 years, high WFNS grade (≥ 3), high Fisher grade (3
and 4) (p = 0.001) at presentation, and rebleeding before aneurysm occlusion (p = 0.001) were correlated to the risk of
death or unfavorable neurological outcome at discharge and
at 1 year (Table 2). Hydrocephalus was also correlated to an
unfavorable neurological outcome at 1 year of follow-up.
Mortality during the hospitalization for the upper third patients was 25.6% (N = 32), 32% (N = 8) for the middle third,
and 22.7% (N = 25) for the lower third patients (Table 2). The
mortality at 1-year follow-up was 31.6% (N = 36) for the upper third patients, 40.9% (N = 9) for the middle third, and
24.5% (N = 26) for the lower third.

Survival analysis
The Kruskal-Wallis test showed no statistically significant difference in the neurological outcome, in terms of mRS categories at discharge (p = 0.20) and after 1 year (p = 0.18), between
the three groups.
The mortality rate during the overall period of observation
was 5%. The mortality rate at follow-up for each aneurysm
group was 6.5% for the upper third, 6.9% for the middle third,
and 3.6% for the lower third (Fig. 4, panel a). The KaplanMeyer estimation showed no significant difference in the mortality rate among the different groups (p = 0.32) (Fig. 4, panel b).

Discussion
Epidemiology
The prevalence of posterior circulation aneurysms in the Swiss
SOS cohort (14.2%) is similar to that described in literature
(range 10–16%) [1, 14, 21, 22]. We excluded from our analysis

posterior communicating aneurysms because we consider these
aneurysms along with anterior circulation aneurysms from an
embryologic standpoint, as shown by the similar rate of posterior communicating aneurysms rupture as with the anterior circulation [11]. Coiling was the prevalent treatment modality for
aneurysm occlusion in our posterior circulation aSAH patients
and this parallels the trend reported in literature [35]. The tendency to endovascular treatment for ruptured posterior circulation aneurysm was well established prior the publication of the
ISAT trial, where only 58 patients (2.7%) with posterior circulation aneurysms from their cohort of 2143 were considered for
randomization [23]. Surgical occlusion was the treatment modality in 19.3% of patients with ruptured lower third aneurysms
(PICA, VA-BA junction and vertebral artery aneurysms), while
surgical occlusion was preferred in 6.4% of the upper third
ruptured aneurysms and 0% of the middle third. From a general
point of view, the more frequent selection of surgical occlusion
in lower third patients could be explained by the more favorable
surgical exposure of such aneurysms and the possibility to
achieve revascularization for complex aneurysm shapes [4,
15, 19]. In the overall series, 5.7% of patients were treated with
by pass and half of them presented with a ruptured PICA aneurysm. Further evidence is available from literature supporting
our finding of more frequent surgical occlusion in patients with
lower third ruptured intracranial aneurysms. For PICA aneurysms, Lanzino and coworkers showed that surgical occlusion
should remain the first line choice for ruptured distal PICA
aneurysms [26] due to the lower procedure related morbidity
of surgery (5.5% vs 7.3%). For VA and VA-BA junction
aneurysms, a Japanese multicentric retrospective study
demonstrated that surgery is performed acutely in almost
half of ruptured VA aneurysms and VA-BA junction with
favorable neurological outcomes [45]. The continued need
for clipping expertise was also emphasized by the 6-year
results of the BRAT trial, reporting a 16% of crossover rate
from coiling to clipping in the posterior circulation cohort
of ruptured aneurysms [36].
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Table 2 Correlation analysis
between clinical, radiological,
treatment variables, and mRS at
discharge
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Variables

mRS at discharge

p value

Favorable
outcome N (%)

Unfavorable
outcome N (%)

Dead N (%)

Age ≥ 65 years

22 (36.1)

17 (27.8)

22 (36.1)

0.002*

Female
High WFNS (3 + 4 + 5)

105 (58.3)
49 (34.5)

36 (20)
40 (28.2)

39 (21.7)
53 (37.3)

0.26*
< 0.001*

High Fisher grade (3 + 4)
Aneurysm shape (fusiform)

125 (52.3)
17 (63)

50 (20.9)
3 (11.1)

64 (26.8)
7 (25.9)

0.001#
0.612°

Craniectomy

8 (42.1)

7 (36.8)

4 (21.1)

0.14#

Hydrocephalus

81 (47.1)

44 (25.6)

47 (27.3)

0.03*

Epilepsy
Symptomatic vasospasm requiring EVT

11 (42.3)
20 (57.1)

8 (30.8)
11 (31.4)

7 (26.9)
4 (11.4)

0.23*
0.08#

Rebleeding before aneurysm treatment

1 (11.1)

1 (11.1)

7 (77.8)

0.001#

Age ≥ 65 years

mRS at 12 Mo
29 (59.9)

4 (7)

24 (42.1)

0.023#

Female
High WFNS (3 + 4 + 5)

112 (67.9)
65 (49.6)

9 (5.4)
10 (7.6)

44 (26.7)
56 (42.8)

0.42#
< 0.001#

High Fisher grade (3 + 4)
Aneurysm shape (fusiform)
Hydrocephalus

137 (62.6)
16 (64)
93 (60.4)

12 (5.5)
2 (8)
9 (5.8)

70 (31.9)
7 (28)
532 (33.8)

0.005#
0.94°
0.004#

Epilepsy
Symptomatic vasospasm requiring EVT
Rebleeding before aneurysm treatment

13 (56.5)
23 (71.9)
2 (22.2)

2 (8.7)
3 (9.4)
0

8 (34.8)
6 (18.7)
7 (77.8)

0.32#
0.26#
0.007#

*Pearson chi-square, #Fisher exact test, Kruskal-Wallis test, °Mann-Whitney test
mRS modified Rankin score, EVT endovascular treatment, Mo months

Neurological outcome
In terms of neurological outcome and mortality rate, our
data were similar to those reported previously in literature
for ruptured posterior circulation aneurysms [32, 44] [36,
45]. At 1-year follow up, favorable neurological outcome
(mRS ≤3) was reported in two thirds of patients.
Nevertheless, if we analyze our results according to the
aneurysm location, we found that a favorable clinical outcome (mRS ≤ 3) was present in 75% for the upper third
and 62.5% in the middle third and 69.9%. The
Fig. 4 Klaplan-Meyer survival
estimate of patients with ruptured
posterior circulation aneurysms
from the Swiss SOS cohort (panel
a) and from the same cohort
subdivided into 3 groups based on
localization (panel b). p value was
determined by using the log-rank
test

neurological outcome in our series of ruptured posterior
circulation aneurysms remains comparable to that reported in recent literature [8, 10, 12, 16–18, 20, 25, 27, 34,
38–40, 46], with respect to the outcome at 1 year for all
three aneurysm locations (Table 3).

Factors influencing neurological outcome
The correlation analysis found a significant association between
severe clinical state at admission after aSAH (High WFNS, 3–
5) leading to death or unfavorable clinical outcome at discharge
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Neurological outcome reported in literature for ruptured posterior circulation aneurysms according to the location

Aneurysm artery

Series (yr)

No. of patients

EVT %

Surgery %

% of good
outcome at 1 yr

Upper third
Basilar artery (BA) tip

Tjahjadi [39] (2016)

47

NA

NA

68

Tjahjadi [40] (2017)

23

100

N/A

69.5

Superior cerebellar artery (SCA)

Patra [25] (2016)

13

46.2

53.8

69.2

Posterior cerebral artery (PCA)

Qin [27] (2017)

20

100

N/A

90

Middle third
BA trunk

Higa [10] (2011)

6

100

N/A

50

Antero-inferior cerebellar artery (AICA)
Lower third

Mahmoud [20] (2012)

8

25

75

100

Postero-inferior cerebellar artery (PICA)

VA-BA junction
Vertebral artery (VA)

Lehto [17] (2014)

68

1.4

98.6

91

Sejkorova [34] (2017)

65

52.3

47.7

64.6

Kim [12] (2018)

15

100

N/A

86.6

Tjahjadi [3] (2016)

20

N/A

100

58

Guerrero [8] (2017)

9

100

N/A

78

Zhao [47] (2013)

57

100

N/A

82.4

Lehto [1] (2015)
Lee [16] (2017)

131
16

26.1
100

64
N/A

93
50

EVT endovascular treatment, N/A not applicable, NA not available, mRS modified Rankin score, yr. year

and at 1 year. The amount of blood in the subarachnoid cisterns
after aSAH was also significantly related to unfavorable outcome at discharge and at 1 year and this is in accordance with
the existing literature. [13, 24] Hydrocephalus was also
associated with unfavorable neurological outcome at
12 months of follow up, thus confirming the evidence from
other studies [7].
Despite a large amount of high WFNS (3–5) and high
Fisher grade (3–4) at presentation in our series, the neurological outcome was favorable at follow up in 2/3 of
patients. This is a reflection of the high quality of the
health care system for management of patients with
aSAH in Switzerland, that entails a prompt referral to
the neurovascular centers that are equipped with neurosurgeons and interventional radiologists round the clock. Rebleeding before treatment was more frequently associated
with unfavorable outcome and mortality, thus supporting
the exiting evidence that re-bleeding is a major cause of
morbidity and mortality after aneurysmal SAH and efforts
should be attempted to reduce its occurrence [9, 37, 47].

Study limitations
Despite the rigorous multicentric data collection over 6 years,
this study harbors several limitations. The cohort remains too
small to perform subgroup analysis. Concerning aneurysms
locations, data was lacking from P2 PCA locations also data
regarding the specific location (distal vs proximal) were lacking [44]. Data was also lacking about the different types of
endovascular treatment used, details regarding crossover

patients, and the grade of aneurysm occlusion (angiography)
after both endovascular and surgical treatment. Details regarding the reasons for group of patients in this cohort that received no treatment were not recorded (17.6% in the upper
third, 20% in the middle third, and 21% in the lower third) in
the registry data. This could bias the outcome analysis due to
the potential exclusion of patients with the more complex
aneurysms and severe clinical presentations.

Conclusions
Patients presenting with aneurysmal subarachnoid hemorrhage due to a ruptured posterior circulation aneurysm in the
Swiss SOS registry have a favorable outcome in the majority
of cases (65.7% mRS 1–3), thus reflecting the high quality of
care for aSAH patients in Switzerland. Endovascular occlusion remains the most common treatment modality for ruptured posterior circulation aneurysms in our registry. Surgical
treatment was performed in 11.3% of the cohort, principally in
patients with aneurysms in the lower third of the posterior
circulation. The rate of favorable outcome of this Swiss cohort, that is similar to high volume neurovascular centers
worldwide, reflects the importance of care at specialized
neurovascular centers for this difficult pathology.
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