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ARTICLE INFO ABSTRACT

Handling Editor: Dr W Peul Introduction: Giant aneurysms of the basilar apex represent formidable challenges as the high rupture rate of
untreated lesions must be balanced against the technical complexity and potential morbidity of intervention.
Research question: Review of treatment modalities and outcomes of patients harboring giant (>2.5 cm) basilar
apex saccular aneurysms, in an effort to refine treatment decision-making.

Material and methods: A systematic literature review through the PubMed and Scopus databases was performed
according to the PRISMA guidelines to identify cases of giant basilar apex saccular aneurysms treated either
microsurgically or endovascularly. Patients’ demographics, aneurysm size, preoperative and postoperative
neurologic status, angiographic and clinical outcomes as well as follow-up information were obtained.

Results: Data from 32 studies fulfilling the inclusion criteria, including 49 patients (32 treated surgically and 17
endovascularly) was obtained. Mean patient age at presentation was 51.69 years, with a male-to-female ratio of
1:2. Mean maximum aneurysm diameter was 30.57 mm. A favorable outcome (mRS 0-2) was reported on 70.6%
of endovascular and 56.3% of open surgical cases. Complete aneurysm occlusion was achieved in 55.6% of the
open and 23.5% of the endovascular cases. Death rate was 33% for endovascular and 15.6% for open cases; the
higher mortality of endovascular treatment is mainly attributed to the mass effect from continued brainstem
compression after treatment.

Discussion and conclusion: Higher rates of complete occlusion but higher morbidity are associated with micro-
surgery compared to endovascular modalities. Severe, clinically apparent brainstem mass effect may require
decompression associated with microsurgery, when technically feasible.
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1. Introduction

The overall prevalence of unruptured saccular intracranial aneu-
rysms is estimated to be about 3% of the general population (Vlak et al.,
2011). Giant intracranial aneurysms are defined by the Cooperative
Study of Intracranial Aneurysms and Subarachnoid Hemorrhage as le-
sions with a maximum diameter greater than 25 mm (Choi and David,
2003). These lesions constitute 2-5% of all aneurysms (Locksley, 1966).

Giant aneurysms of the posterior circulation are associated with poor
natural history, with a reported 50% risk of rupture within 5 years in the
ISUIA trial (Wiebers, 2003a). Aneurysms of that caliber can also present

with symptoms related to mass effect on the neurovascular structures
and brainstem. Furthermore, due to the potentially slower blood flow
and subsequent thrombosis in parts of the aneurysm lumen, clinical
presentation can be in the form of transient ischemic attacks or infarc-
tion due to thromboembolism.

The poor prognosis for patients with untreated GBA argues for a
treatment, the goal of which should be the safe and complete oblitera-
tion of the aneurysm. Microsurgery in this region is highly complex due
to the narrow and deep space in which delicate maneuvers need to be
undertaken and requires extensive experience and skill. However,
satisfactory results reported in the literature point to the feasibility of

Abbreviations: GBA, Giant basilar aneurysm; mRS, modified Rankin Scale; PCA, posterior cerebral artery; PCoA, posterior communicating artery; SAH, sub-

arachnoid hemorrhage.

* Corresponding author. Department of Neurosurgery, University Hospital Duesseldorf, Germany Mooren Str. 5, 40225, Diisseldorf, Germany.
E-mail addresses: andreastheofano@gmail.com (A. Theofanopoulos), lucas.troude@hotmail.fr (L. Troude), Milad.Neyazi@med.uni-duesseldorf.de (M. Neyazi),

sajjad.muhammad@med.uni-duesseldorf.de (S. Muhammad).

https://doi.org/10.1016/j.bas.2024.103333
Received 19 July 2024; Accepted 4 September 2024
Available online 7 September 2024

2772-5294/© 2024 The Authors. Published by Elsevier B.V. on behalf of EUROSPINE, the Spine Society of Europe, EANS, the European Association of Neurosurgical
Societies. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:andreastheofano@gmail.com
mailto:lucas.troude@hotmail.fr
mailto:Milad.Neyazi@med.uni-duesseldorf.de
mailto:sajjad.muhammad@med.uni-duesseldorf.de
www.sciencedirect.com/science/journal/27725294
https://www.journals.elsevier.com/brain-and-spine
https://doi.org/10.1016/j.bas.2024.103333
https://doi.org/10.1016/j.bas.2024.103333
https://doi.org/10.1016/j.bas.2024.103333
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bas.2024.103333&domain=pdf
http://creativecommons.org/licenses/by/4.0/

A. Theofanopoulos et al.

this approach modality (Lawton, 2002a). In the current era, endovas-
cular treatment (either by simple coiling or utilizing adjuncts as stents
and flow-diverters) has been established as a preferred treatment for
aneurysms of the posterior circulation, bypassing the morbidity of the
traditional surgical approaches (Wiebers, 2003b; Ge et al., 2022; van
Rooij and Sluzewski, 2009). However, in cases of giant aneurysms,
endovascular treatment is technically challenging and associated with
high morbidity. Furthermore, there is evidence of a greater recurrence
rate (Da Ros et al., 2017; van Rooij and Sluzewski, 2007).

With no clearly defined guidelines, choice of treatment modality is at
the discretion of the treating physicians and is likely to be strongly
influenced by the treating centers’ relative expertise with either tech-
nique (Tjahjadi et al., 2018). In an effort to shed light on this crucial
issue, we performed a systematic review of the literature to compare
clinical and radiological results in aneurysms of the basilar apex treated
either surgically or endovascularly.

2. Methods

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Guidelines were used as a template for the
methodology.

2.1. Search strategy

A comprehensive literature search was conducted through the
PubMed and Scopus databases in January 2024, using the following
terms: (aneurysm) AND (giant) AND (basilar).

2.2. Inclusion and exclusion criteria

Descriptive and observational studies including case-control, longi-
tudinal cohorts, cross-sectional studies, retrospective studies, review
articles, editorials, commentaries, case series and case reports reporting
outcomes of treatment of giant aneurysms in the basilar tip were
included. Video articles were excluded. We excluded aneurysms’ loca-
tion other than the basilar tip from our systematic review. Aneurysms
with morphology described as fusiform were also excluded. Studies not
specifying treatment strategy, aneurysms’ locations or patient outcomes
were excluded. Studies reporting aneurysm size less than 25 mm or not
clearly defining the size of giant aneurysms as >25 mm were also
excluded. Finally, articles with full text in languages other than English
were excluded.

2.3. Study selection

The duplicates from the initial database search were removed uti-
lizing the Automated Systematic Search Deduplicator (ASySD) applica-
tion and a preliminary screening based on Title and Abstract was
performed. Consequently, full-text screening was performed based on
the predefined inclusion and exclusion criteria. Any conflicts were dis-
cussed and resolved by the senior author. The final included articles
were reviewed and approved by all authors.

2.4. Data extraction

The age, sex, aneurysms’ maximal diameter, presenting complaints,
treatment modality, perioperative complications, completeness of oc-
clusion, preoperative and postoperative neurologic status at latest re-
ported follow-up were tabulated and reviewed. The modified Rankin
Scale (mRS) was used as a measure of clinical outcome, with mRS scores
of 0-2 denoting a ‘Good’ outcome and mRS 3-6 denoting a ‘Poor’
outcome for the subsequent analysis. In studies describing the patients’
clinical status without specifying an mRS score, the score was calculated
by the authors based on the clinical characteristics provided. In studies
that reported clinical status of individual patients as a range of GOS or

Brain and Spine 4 (2024) 103333

mRS scores (e.g ‘Good’ outcome meaning GOS 4-5 or ‘Good’ grade SAH
meaning Hunt Hess scores 1-3), the respective mean of the range was
used for each patient; those patients whose preoperative status was
referred just as unruptured, were regarded as mRS 1 (Nanda et al.,
2014a). For studies providing the clinical outcome by measure of
Glasgow Outcome Scale (GOS), the GOS score was converted to the
corresponding mRS score based on the recommendations by Gaastra
et al. (2022)

2.5. Statistical analysis

Comparison of variables was performed using the Chi-square (X?)
test; Fisher’s exact test was used instead if the expected frequency of at
least an observation was less than 5. Missing observations were left
blank during analysis. Statistical analysis was performed using IBM SPSS
Statistics Version 28.0.1.1.

3. Results

The database search yielded a total of 963 studies. After removal of
duplicates and abstract screening, 184 articles remained for full-text
screening. Out of these, 151 were excluded based on the predefined
exclusion criteria. 32 studies were finally included in the review. The
PRISMA flowchart is presented in Fig. 1.

The results are summarized in Table 1. There was a total of 49 pa-
tients reported in studies fulfilling the inclusion criteria.(See. Fig. 2)

3.1. Epidemiology

Patients in their 5th to 8th decade of life seem to be more often
affected by giant aneurysms of the basilar apex (Fig. 3). (Ujiie et al.,
1993) The mean patient age was 51.69 years (SD 14.21). The
male-to-female ratio was approximately 1:2, which is comparable to the
female preponderance in the literature regarding cerebral aneurysms in
general (Cras et al., 2020; Turan et al., 2016). The mean maximum
aneurysm reported diameter was 30.57 mm (SD 5.36).(See. Table 2).

3.2. Presenting symptoms

Subarachnoid hemorrhage was the presenting symptom in 10/49
(20.4%) of giant basilar apex aneurysms, while 23/49 (46.9%) pre-
sented symptoms related to mass effect on the brainstem. 2 patients
(4%) presented with headache, 1 (2%) with diplopia, while 1 (2%) only
had personality disorders as the presenting symptom. There was 1 case
that presented with a cerebellar infarct. In 3 (6.1%) patients, the giant
aneurysm was discovered as a recurrence of a previously treated basilar
tip aneurysm on follow-up angiography. The patient’s presenting con-
dition was not provided in 9 (18.4%) of the cases.

3.3. Previous treatment

In 12/49 (24.5%) of the patients, a history of previous treatment of
the basilar tip aneurysm was reported. In 7 of those, previous coiling was
now followed by open treatment — basilar artery occlusion in 5 and
aneurysm clipping combined with bypass in 2. Three patients previously
subjected to open basilar artery occlusion were again subjected to
microsurgical treatment with trapping of the aneurysm and bypass to
the distal PCA. In 2 patients with a history of multiple unsuccessful
coiling procedures, further endovascular treatment with Y-stenting of
both PCAs and further coiling of the aneurysm was attempted. Of note,
both the latter cases presented with a major radiological recurrence, 7
and 5 months postoperatively respectively.

Three patients (6.1%) underwent ventriculoperitoneal shunting or
external ventricular drainage before aneurysm treatment due to
obstructive hydrocephalus caused by mass effect on the Sylvian aque-
duct, while 1 (2%) needed external ventricular drainage due to
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hydrocephalus caused by SAH.

3.4. Treatment modalities

Out of a total 49 patients, 17 (34.7%) received endovascular treat-
ment, while 32 (65.3%) underwent microsurgical treatment. SAH at
admission was present in 6 (35.3%) of the patients included in the
endovascular treatment group and 4 (12.5%) of the patients in the
surgical treatment group (p = 0.06). Endovascular treatment consisted
of detachable balloon occlusion in 1 (5.9%), simple coiling in 6 (35.3%),
stent-assisted coiling in 7 (41.2%), balloon-assisted coiling in 1 (5.9%)
and flow-diverter stenting in 2 (11.8%) of the cases. Microsurgically
treated patients were subjected to direct aneurysm clipping in 11 cases
(34.4%), clipping combined with revascularization of PCA via bypass in
3 (9.4%), basilar artery occlusion in 7 (21.9%) and basilar artery oc-
clusion combined with bypass to the distal PCA and in select cases oc-
clusion of other vessels of the basilar apex in 11 (34.4%). Microsurgical
occlusion of the dominant PCA and/or PCoA as well as the basilar artery
was required in 3 (9.4%) of cases.

3.5. Radiological and clinical outcomes

Postoperative angiographic result was reported in 17/17 (100%) of
the endovascular cases but only 18/32 (56%) of the surgical cases. Out
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Table 1

Giant basilar apex aneurysms treated by open or endovascular techniques. M: male, F: female, SAH: subarachnoid hemorrhage, mRS: modified Rankin Score, BA:
basilar artery, C: complete occlusion, I: incomplete occlusion, Mass: mass effect, NA: not available, Endo: endovascular, HH: Hunt-Hess score, VP: ventriculoperitoneal,
PCA: posterior cerebral artery, EVD: external ventricular drainage.

Study (Year) N Age Sex  Size (Max Presentation Previous Treatment Complication Occlusion preOP  postOP mRS Follow-up
= (Years) (M/ diameter in treatment mRS (months)
F) mm)
Rozario and Stein, 1980 ( 1 60 F 26 SAH Open (BA C 4 1 0.25
Rozario and Stein, occlusion)
1980)
Hopkins et al., 1983 ( 1 73 M 30 Mass Open (BA MidBA occlusion NA 3 6 NA
Hopkins et al., 1983) occlusion — (respiratory)
bypass)
Hirasawa et al., 1992 ( 1 61 F 35 Mass Endo (balloon Recurrence I 5 6 2.5
Hirasawa et al., 1992) occlusion)
Origitano et al., 1993 ( 1 58 F NA SAH HH 3 Open- clip NA 4 0 NA
Origitano et al., 1993)
Irieetal., 1997 (Irieetal., 1 65 F 25 Mass Endo -Coiling I 2 0 2
1997)
Klein et al., 1997 (Klein 2 43 M NA SAH HH3 Endo -Coiling PCA occlusion C 4 2 30
et al., 1997) 52 F NA SAH HH3 Endo -Coiling C 4 1 25
Russel et al., 2002 ( 1 45 M 30 Headache Coiling Open (BA C 1 1 4
Russell et al., 2002) occlusion)
Kim et al., 2002 (Kim 1 30 M 40 Mass VP shunt Open- clip C 5 1 48
et al., 2002)
Heppner et al., 2007 ( 1 48 F 30 Mass Open- clip Infarct (MCA NA 4 6 NA
Heppner et al., 2007) -midbrain infarct)
Takahashi et al., 2007 ( 1 29 M 35 Mass Open (BA Open (PCA C 3 1 0.5
Takahashi et al., 2007) occlusion) occlusion —
bypass)
lihara et al., 2008 (lihara 2 29 M 35 Mass Open (BA Open (bypass I 3 1 24.5
et al., 2008) occlusion) — PCA- PCoA
clip)
36 F 42 Mass Endo (BA Open (bypass I 4 1 7.6
coil - PCA
occlusion) occlusion)
Burns et al., 2009 (Burns 1 44 M 30 SAH Endo -Coiling Edema (min. I 3 2 1
et al., 2009) conscious state)
Ramanathanetal., 2010( 2 72 F 25 Mass Coil Open (clip - C 2 2 48
Ramanathan et al., bypass)
2010) 62 F 26 Mass Coil Open (BA I 5 4 18
occlusion —
bypass)
Miyamoto et al.,, 2011 ( 4 29 M 35 Mass Open (BA Open (BA C 2 0 24
Miyamoto et al., 2011) occlusion) occlusion-
Bypass)
37 F 45 Personality Coil (BA Open (BA C 3 0 15
disorders occlusion)  occlusion-
Bypass)
26 F 30 SAH, Diplopia  Coil Open (BA I 1 0 12
occlusion-
Bypass)
54 M 28 Diplopia Open (BA C 2 3 9
occlusion-
Bypass)
Derakhsani et al., 2011 ( 1 62 F 25 SAH Endo -Coiling 1 NA 0 12
Derakhshani et al.,
2011)

Cekirge et al., 2011 ( 2 4 F NA Mass Endo -Stent Recurrence - coiling 1 3 0 24
Cekirge et al., 2011) 45 F NA Mass Endo-Stent I 3 1 3
Kellner et al., 2011 ( 2 39 F 30 Mass Open (BA Midbrain infarct NA 5 6 NA

Kellner et al., 2011) occlusion)
41 M 30 Mass Open (BA Midbrain infarct I 4 0 18
occlusion)
Killu and Lanzino 2012 ( 1 46 F 40 Mass Open (BA 1 3 6 1.5
Killu and Lanzino, occlusion)
2012)
Park et al., 2012 (Park 1 58 F 25 SAH Endo (Stent- I 2 0 0.25
et al., 2012) coiling)
Mai et al., 2013 (Mai 2 47 M 32 Mass Open (BA I 2 2 14
et al., 2013) occlusion —
bypass)
72 F 25 Previous SAH - Coil (5 Open (clip- C 2 2 48
regrowth times) bypass)
Nanda et al., 2014 ( 7 44 M NA NA Open-clip NA 1 2 NA
Nanda et al., 2014a) 51 F NA NA Open-clip NA 1 5 NA
61 M NA NA Open-clip NA 1 5 NA
62 F NA NA Open-clip NA 1 5 NA

(continued on next page)
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Study (Year) N Age Sex  Size (Max Presentation Previous Treatment Complication Occlusion preOP  postOP mRS Follow-up
= (Years) (M/ diameter in treatment mRS (months)
F) mm)
38 F NA NA Open-clip NA 1 2 NA
55 F NA NA Open-clip NA 1 2 NA
57 F NA NA Open-clip NA 5 5 NA
Pyoung Jeon et al., 2014 2 70 F 26 Recurrence Coil (2 Endo (Stent-  Recurrence (7 C NA 2 36
(Jeon et al., 2014) times) Coiling) months)
48 M 27 Recurrence - Coil (2 Endo (Stent-  Recurrence — coiling C NA 2 12
mass times) coiling) (5 months)
Shojima et al., 2014 ( 1 74 F 26 Headache — Open (BA Rupture NA 2 6 6
Shojima et al., 2014) cognition occlusion)
problems
Jagadeesan et al., 2014 ( 1 70+ NA 30 SAH Endo -Coiling SAH complications I NA 6 NA
Jagadeesan et al., (balloon)
2014)
Samadian et al., 2015 ( 1 40 M 27 SAH EVD Open- clip C 5 0 0.5
Samadian et al., 2015)
Ge et al., 2016 (Geetal,, 2 31 F 40 Mass Endo -Stent-  Mass I 4 6 0.17
2016) coiling
44 M 25 Mass Endo -Coiling Mass I 3 6 7
Matsukawa et al., 2017 ( 1 67 F 33 NA Open (BA Perforator infarct NA 3 4 12
Matsukawa et al., occlusion -
2017) bypass)
Signorellietal,, 2017( 1 76 F 26 Mass VP shunt Endo -Stent-  Rerupture I 5 6 9
Signorelli et al., 2017) coiling
Ota et al., 2018 (Ota 1 67 F 33 NA Open (Clip Perforator infarct NA 1 5 NA
et al., 2018) -bypass)
Garcia-Perezetal.,2020( 1 64 F 25 Mass Open (BA Recurrence - growth I 3 1 60
Garcia-Pérez et al., occlusion) — hydrocephalus -
2020) VP shunt
Matsuda et al., 2022 ( 1 40+ F 32 Mass - infarct EVD Endo - Stent- Recurrence - coiling [ 5 1 6
Matsuda et al., 2022) coiling
Killer-Oberpfalzer etal., 1 70+ NA 27 Mass Endo- Stent- 1 4 4 NA
2023 ( coiling
Killer-Oberpfalzer
et al., 2023)

of these, complete occlusion of the aneurysm is reported in 10/18
(55.6%) of the open whereas 4/17 (23.5%) of the endovascular pro-
cedures (p < 0.053). Of the latter, only 2 (11.8%), which were amenable
to simple coil embolization, were without recurrence at follow-up (Klein
et al., 1997).

A favorable clinical outcome (defined as mRS 0-2) was reported on
12/17 (70.6%) of endovascular and 18/32 (56.3%) of the open surgical
cases (p = 0.715), although the follow-up duration varied from 5 days to
5 years. Neurological deterioration after treatment was observed in 5/15
(33.3%) of endovascular end 14/32 (43.8%) of open cases (p = 0.498).
Five of the thirty-two patients surgically treated (15.6%) experienced
worsening outcome (defined as a transition from a mRS 0-2 to 3-6 as
compared to their preoperative status), while none of the endovascular
patients did (p = 0.159). Death rate was 29.4% for endovascular and
15.6% for open cases (p = 0.285).

Of the surgically treated patients who eventually died, 1 death was
unrelated to the procedure and was a result of pulmonary complications,
1 was due to rebleeding and 2 were attributed to postoperative midbrain
infarcts. In the endovascular group, 1 death was caused by SAH com-
plications unrelated to the procedure, 1 was a result of rebleeding and 3
were attributed to continued or worsened mass effect of the aneurysm on
the brainstem after the operation.

4. Discussion

Aneurysm size has been previously reported to correlate with a
higher chance of growth and rupture (Greving et al., 2014; Backes et al.,
2015). Since giant aneurysms are associated with a rupture risk of up to
50%, treatment is generally warranted if it can be provided with
acceptable morbidity (Wiebers, 2003b). Owing to the complexity of

such aneurysms, a multimodal endovascular and/or microsurgical
treatment is usually attempted. The surgical treatment modalities re-
ported in the cases included in the present study consisted of either
simple clipping or clip reconstruction of the aneurysm neck (occasion-
ally with bypass to a sacrificed posterior cerebral artery), or flow
reduction — flow alteration techniques. Of the latter, combinations of
basilar artery occlusion with occlusion of a dominant PCoA and/or PCA,
with or without bypass to the branches of the basilar apex were per-
formed. Endovascular techniques ranged from simple coiling to stent- or
balloon-assisted coiling to flow-diverter stenting.

Angiographic complete occlusion rates after treatment were higher
after microsurgery (55.6%) compared to endovascular treatment (23.5%
- p = 0.053). This trend has been established in findings of large studies
on saccular non-giant aneurysms, albeit occlusion rates in non-giant
aneurysms and aneurysms in the anterior circulation tend to generally
be significantly higher (Wiebers, 2003b; Spetzler et al., 2015). The
remarkably high incomplete occlusion rates may signify that a high
percentage of treated patients (up to 54.4% of those treated micro-
surgically and 66.5% of those treated endovascularly) are exposed to
aneurysm recurrence/growth or rebleeding. Such a trend was observed
in the present review, as a third (6/17 or 35.3%) of the endovascularly
treated aneurysms in this review recurred or reruptured. Recurrence in
the surgically treated giant basilar tip aneurysms was significantly lower
(2/32 or 6.3% - p = 0.015). Endovascular treatment of non-giant
saccular aneurysms is generally associated with a higher incomplete
occlusion rate and risk of recurrence which is estimated at up to 20%
(Wiebers, 2003b; Spetzler et al., 2015; Ferns et al., 2009). Based on the
present review, this ratio appears to be even more pronounced in giant
aneurysms of the basilar apex, and could be related to the higher
incomplete aneurysm occlusion rate after endovascular treatment.
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Fig. 3. Distribution of the giant aneurysms of the basilar apex according to the patients’ age at the time of treatment. Most of the aneurysms were discovered after the

4th decade.

Table 2

Comparison of clinical and radiological outcome after microsurgical or endo-
vascular treatment. Favorable outcome is defined as mRS 0-2. Worse outcome is
defined as a transition from mRS 0-2 to 3-6.

Endovascular (n = 17) Open (n = 32) p-value

Favorable outcome
Neurological deterioration 5/15 (33.3%)
Worse Outcome 0/16 (0%)

Death 5/17 (29.4%)
Complete occlusion 4/17 (23.5%)
Recurrence/rerupture 6/17 (35.3%)

12/17 (70.6%) 18/32 (56.3%) 0.715
14/32 (43.8%) 0.498
5/32 (15.6%) 0.159
5/32 (15.6%) 0.285
10/18 (55.6%) 0.053

2/32 (6.3%) 0.015

An interesting finding is the fact that of the aneurysms that had
previously received additional treatment, the majority were endovasc-
ularly treated cases that required microsurgical revision due to recur-
rence or incomplete occlusion (Russell et al., 2002; Ramanathan et al.,
2010; Miyamoto et al., 2011; Mai et al., 2013). This further implies that
endovascular treatment is often not a definitive treatment for such
lesions.

Major studies that compared treatment modalities for saccular an-
eurysms have shown a trend towards less morbidity and mortality with
endovascular treatment (Wiebers, 2003b; Spetzler et al., 2015). Giant
basilar apex aneurysms exhibit a similar morbidity trend, as a favorable
outcome (defined as a mRS of 0-2) was achieved in 70.6% of endovas-
cular cases, compared to 56.3% of microsurgical ones. Endovascular
treatment was also correlated with lower rates of neurological deterio-
ration (33.3% compared to 43.8% - p = 0.498); no endovascular cases
with an initial ‘favorable’ mRS (0-2) progressed to an unfavorable
outcome (mRS 3-6)).

However, a notable difference compared to studies on aneurysms of
smaller caliber was the significantly higher death rate reported on giant
aneurysms treated endovascularly compared with the ones receiving
microsurgery. Inspection of the preoperative and postoperative clinical
and radiographic details reveals that in most of the endovascular cases,
death was a result of continued mass effect on the brainstem after
treatment, or rerupture (Hirasawa et al., 1992; Ge et al., 2016). Endo-
vascular embolization in particular seemed to occasionally temporarily
aggravate brainstem compression due to edema. This is demonstrated
dramatically in the report from Burns et al., where post-embolization
transient brainstem edema caused a minimally conscious state, which
resolved spontaneously with the resolution of the edema (Burns et al.,
2009). These findings could suggest that in cases with significant, clin-
ically apparent brainstem compression preoperatively, due consider-
ation should be given to microsurgical options as a way to ensure

maximal brainstem decompression. On the other side, the main cause of
neurological deterioration after microsurgical treatment was brainstem
infarction due to perforating artery compromise, the avoidance of which
is the main technical challenge of this type of surgery.

4.1. Limitations

The most important limitation of the present study is selection bias,
as it is seldom clear which of the aneurysms were equally amenable to
both open and endovascular treatment modalities. Therefore, it is likely
that they would either have been selected for the most favorable mo-
dality, or for the modality the treating team was most experienced with.
Since the available literature includes mostly case series or case reports
and the sample size of the patients is relatively small, drawing solid
clinical conclusions is precarious at best. Another major limitation is the
widely variable follow-up length between the studies, ranging from 5
days to 5 years. Furthermore, it was assumed that in patients whose
clinical status was reported as a range of GOS or mRS scores, the mean of
the range would correspond to the patients’ status for the purpose of the
present study. This may have had the effect of skewing the results to-
ward an unfavorable view of open procedures, as it mainly affected the
study by Nanda et al., which is the largest included microsurgical series.

Reports of large series of treated basilar apex aneurysms were also
omitted due to not providing explicit data on the imaging or clinical
course of individual patients. However, this may skew the analysis by
excluding the results of some of the most experienced operators
(Lawton, 2002b; Sanai et al., 2008; Nanda et al., 2014b).

Even so, the study provides a useful overview of treatment outcomes
of the most popular treatment modalities for giant basilar apex aneu-
rysms and can serve as a reference frame for clinical decision-making.

5. Conclusion

Particularities related to aneurysm morphology and afferent/
efferent vessel anatomy influence the selection of treatment technique.
This is particularly important for giant aneurysms of the basilar apex,
where no perfect treatment modality seems to exist and a delicate bal-
ance needs to be maintained between complete lesion obliteration and
patient safety. Due to the small sample size, as well as lesion and
treatment modality heterogeneity in the available literature, solid con-
clusions regarding choice of treatment cannot be drawn. Microsurgical
treatment of giant saccular aneurysms of the basilar apex appears to be
associated with increased morbidity but also higher rates of complete
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occlusion and lower recurrence rates than endovascular treatment. In
cases with severe brainstem compression, microsurgical treatment may
present a better chance of mass effect resolution, which may translate to
lower mortality. However, every giant basilar apex aneurysm has its
own particular challenges, therefore decision-making should be indi-
vidualized on a case-by-case basis, ideally in an interdisciplinary setting
with expertise in both endovascular surgery and microsurgery.
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