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OBJECTIVE Giant posterior circulation aneurysms (GPCirAs) usually cause substantial mass effect on the brainstem, 
which may lead to neurological deficits. So far, there has been no systematic investigation of factors associated with 
such deficits in GPCirA. The authors aim to examine the risk factors for cranial nerve deficit (CND), motor deficit, and 
disability in patients with GPCirA.
METHODS Using MR images obtained in 30 patients with unruptured GPCirA, the authors examined GPCirA volume, 
presence of hydrocephalus or partial thrombosis (PT) of the aneurysm, and the degree of brainstem displacement mea-
sured by the distance between the McRae line and the tip of the GPCirA (∆MT). They evaluated associations between 
these factors and neurological deficits.
RESULTS Thirty GPCirAs in 30 patients were included. The prevalence of CNDs was 50%. Patients with CNDs signifi-
cantly differed from those without CNDs in terms of age (mean 51.0 years [SD 15.0 years] vs 69.0 years [SD 21.0 years], 
p = 0.01) and in ∆MT (median 50.7 mm [IQR 39.2–53.9 mm] vs 39.0 mm [IQR 32.3–45.9 mm], p = 0.02). The prevalence 
of motor deficits was 33.3%. Patients with motor deficits showed a larger ∆MT (median 50.5 mm [IQR 40.8–54.6 mm]) 
compared with those without (∆MT: median 39.1 mm [IQR 32.8–50.5 mm], p = 0.04). GPCirA volume was larger in 
patients with poor modified Rankin Scale (mRS) scores (median 14.9 cm3 [IQR 8.6–18.7 cm3]) than in those with mRS 
scores of 0–2 (median 6.8 cm3 [IQR 4.4–11.7 cm3], p = 0.03). After adjusting for patient age and the occurrence of hydro-
cephalus or PT, the authors found that higher degrees of disability were significantly associated with aneurysm volume 
(OR 1.13, 95% CI 1.0–1.3; p = 0.04), but not with ∆MT. The occurrence of CND or motor deficit was not associated with 
any of the examined variables. There was no correlation between GPCirA volume and ∆MT (rs = 0.01, p = 0.96). The 
prevalence of neurological deficits did not differ between GPCirA at the basilar apex, the basilar trunk, the vertebrobasi-
lar junction, or the vertebral artery.
CONCLUSIONS In this study, the neurological condition of the patients was associated only with GPCirA volume and 
not with the degree of brainstem displacement, the occurrence of PT or hydrocephalus, or the exact location of the 
GPCirA. These findings highlight the clinical relevance of GPCirA volume and suggest that factors such as brainstem 
displacement or PT should play less of a role when finding arguments for or against treatment of GPCirA.
Clinical trial registration no.: NCT02066493 (clinicaltrials.gov)
https://thejns.org/doi/abs/10.3171/2018.4.JNS172343
KEYWORDS giant posterior circulation aneurysms; giant intracranial aneurysms; aneurysm volume; partially 
thrombosed aneurysm; McRae line; Evans index; cranial nerve deficit; brainstem; vascular disorders
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Giant posterior circulation aneurysms (GPCirA) 
are intracranial aneurysms with a diameter of at 
least 25 mm originating from the vertebral, basi-

lar, cerebellar, or posterior cerebral artery. They are not 
only rare but are also associated with significantly higher 
morbidity and mortality than giant intracranial aneurysms 
in the anterior circulation, both during the course of natu-
ral history and after endovascular or surgical treatment.7,25 
Since GPCirAs are located in the posterior fossa, their 
mass effect predominantly affects the brainstem and adja-
cent cranial nerves.2,27 They usually cause clinical symp-
toms such as cranial nerve deficits (CNDs), motor deficits, 
hydrocephalus, and different degrees of disability.2,13, 16,18 
They also frequently present with partial thrombosis (PT) 
and have various shapes.6,9 Previously published series de-
scribing brainstem compression by posterior circulation 
aneurysms either predominantly examined nongiant pos-
terior circulation aneurysms or did not analyze GPCirA 
as a separate size category.15,27 So far, there has been no 
systematic analysis of factors associated with CNDs, mo-
tor deficits, or disability in patients with GPCirAs and 
no detailed description of different degrees of brainstem 
compression or displacement caused by these large le-
sions. In other diseases, such as basilar invagination (BI), 
brainstem compression or displacement has been stud-
ied and correlated to clinical findings.11,20 BI is defined 
as the protrusion of the odontoid tip of more than 5 mm 
above the McRae line (McRL), which connects the clivus 
to the opisthion at the cranial base.4 Once the odontoid 
tip extends into the foramen magnum, compression and 
displacement of the brainstem with ensuing neurological 
deficits may occur.11,20

Since GPCirAs usually compress and displace the 
brainstem, much like the odontoid tip does in BI, cer-
tain clinical and diagnostic paradigms valid in BI may be 
transferrable to GPCirAs. We designed a study to exam-
ine potential associations between GPCirA characteristics 
and the occurrence of CND, motor deficit, disability, and 
hydrocephalus. We also aimed to test the hypothesis that 
neurological deficits are associated with GPCirA volume 
and the amount of brainstem displacement.

Methods
GIA Registry Imaging Database

All clinical and imaging data for this analysis were 
retrospectively collected from the giant intracranial an-
eurysm (GIA) registry’s prospective database. The GIA 
registry is an international observational study collecting 
clinical and imaging data exclusively for GIAs in Europe, 
the US, and Japan. The ethics committee of the Charité 
Berlin and the ethics committees of each participating 
center approved the collection of data. Each patient or 
next of kin gave consent to participation. The GIA reg-
istry is listed at clinicaltrials.gov under the registration 
no. NCT02066493. Patients were included in this specific 
study if they were diagnosed with a GIA in the posterior 
circulation (diameter ≥ 25 mm) and their pretreatment 
MRI study was available in the imaging database.

Imaging Analysis, Volumetry, and GIA Characteristics
We used MRI with time-of-flight sequences and T2-

weighted images and digital subtraction angiography for 
radiographic analysis. PT was defined as the difference 
between the perfused GPCirA volume as seen on DSA 
and the GPCirA volume on MRI. We quantified GPCirAs 
by measuring their volume using iPlan Cranial software 
(Brainlab). For this, the circumference of the GPCirA was 
marked manually using the mouse cursor on each slice of 
the T2-weighted images. All measurements were conduct-
ed at the GIA registry’s coordinating center at the Charité 
Berlin by 2 experienced examiners (J.D. and P.L.). Similar 
to previous studies on BI, we measured brainstem displace-
ment away from the cranial base on midsagittal T2-weight-
ed imaging using the distance between the highest tip of 
the GPCirA and the McRae line (McRL), which connects 
the basion to the opisthion at the cranial base, as shown in 
Fig. 1.4,11 This distance is referred to as ∆MT. Hydrocepha-
lus was measured on images, as previously described, us-
ing the Evans index (EI), which is defined as the ratio of 
the transverse diameter of the frontal horns of the lateral 
ventricles to the maximum inner transverse diameter of the 
skull at the same axial level on T2-weighted images.8,23 Ac-
cording to international guidelines, an EI greater than 0.3 
is an indicator for hydrocephalus.23 We also grouped the 
GPCirA according to the vessel segments involved, using 
the following categories: basilar apex, basilar trunk, verte-
brobasilar junction, and vertebral artery.

Clinical Data
Clinical data included patient age, sex, modified 

Rankin Scale (mRS) score, and the presence of CND or 
motor deficit. According to International Neuromodula-
tion Society standards, motor deficit was defined as partial 
or total loss of function of a body part, usually a limb or 
limbs, resulting in muscle weakness, poor stamina, lack of 
muscle control, or total paralysis.12 The level of disability 
was classified as mild (mRS scores 0–2) or severe (mRS 
scores 3–5).24

Statistical Analysis
All statistical analyses were performed using IBM 

SPSS software (version 24, IBM Corp.). Since previous 
studies showed that there is high interobserver reliability 
in measuring volumes of GIAs, data on interobserver reli-
ability are not presented separately.26 We examined nor-
mal distribution of data by using the Shapiro-Wilk test. 
The Mann-Whitney U-test or chi-square test was used for 
the comparison of the baseline characteristic data. Since 
all variables, except for patient age, were not normally dis-
tributed, their values are presented as medians with IQR, 
while patient age is presented using means and SD. The 
relationship between aneurysm volume and the distance 
between the McRae line and the highest tip of the aneu-
rysms was tested using Spearman correlation. Differences 
in prevalence between GPCirA locations within the poste-
rior circulation (basilar apex, basilar trunk, vertebrobasi-
lar junction, and vertebral artery) were examined using 
the chi-square test. To investigate associations, we used 
separate regression analysis models with dependent vari-
ables CND and motor deficit (each using binary regression 
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analysis) and mRS score (ordinal regression analysis). In 
each model, the independent variables were patient age, 
∆MT, GPCirA volume, and the occurrence of hydroceph-
alus according to EI. In the regression model examining 
associations with mRS score, we also used the occurrence 
of PT as an independent variable.

Results
Patient and Aneurysm Characteristics

We included 30 cases of unruptured GPCirAs in 30 pa-
tients who were enrolled in the GIA registry between Janu-
ary 2009 and March 2017 at 7 participating centers (Table 
1). Mean age was 60.6 years (SD 12.8), and the majority of 
patients were male (25/30, 83.3%). The median ∆MT was 
41.1 mm (IQR 34.6–51.0 mm), and the median aneurysm 
volume 7.9 cm3 (IQR 5.2–14.3 cm3). We found no corre-
lation between GPCirA volume and ∆MT (rs = 0.01, p = 
0.96). A CND was present in 50.0% of all GPCirAs, a mo-
tor deficit was found in 33.3%, and 10.0% were completely 
asymptomatic. Another 20.0% of all patients showed only 
very mild disability (mRS score 1) without any CND or 
motor deficit. Table 2 demonstrates differences between 
patients with neurological symptoms and those without, 
according to CND, motor deficit, and mRS score.

CND Groups
In patients with CND, the median ∆MT was signifi-

cantly larger (50.7 mm, IQR 39.2–53.9 mm) than in pa-
tients without CND (39.0 mm [IQR 32.3–45.9 mm], p = 
0.02). Also, patients with CND were significantly younger 
(51.0 years [SD 15.0 years] vs 69.0 years [SD 21.0 years]; 
p = 0.01). There was no difference between the 2 CND 
groups in terms of sex, aneurysm volumes, or diameters 
and the prevalence of PT or hydrocephalus.

Motor Deficit Groups
Cases with motor deficit showed significantly larger 

∆MTs (50.5 mm [IQR 40.8–54.6 mm]) compared to pa-
tients without motor deficit (39.1 mm [IQR 32.8–50.5 
mm], p = 0.04). No significant differences between groups 
were observed for GPCirA volume or diameter, patient 
age, sex, and the prevalence of PT or hydrocephalus.

FIG. 1. MR images showing 2 examples of the quantification of brainstem displacement by measuring the distance between the 
McRae line and the highest tip of the aneurysm at a 90° angle from the McRae line.

TABLE 1. Summary of patient and aneurysm characteristics

Value

No. of GPCirAs 30 
Mean patient age (SD), yrs 60.6 (12.8)
Male sex, n (%) 25 (83.3%)
CND, n (%) 15 (50.0%)
Motor deficit, n (%) 10 (33.3%)
Mean mRS score (SD) 1.8 (2.0)
 0 (asymptomatic), n (%) 3 (10.0%)
 1–2 (mild disability), n (%) 19 (63.3%)
 3–5 (severe disability), n (%) 8 (26.7%)
Hydrocephalus, n (%) 17 (56.7%)
Median ∆MT (IQR), mm 41.1 (34.6–51.0)
Median GPCirA vol (IQR), cm3 7.9 (5.2–14.3)
Median GPCirA diameter (IQR), mm 35.3 (28.3–39.6)
Prevalence of PT, n (%) 24 (80.0%)
GPCirA location, n (%)
 Basilar apex 4 (13.3%)
 Basilar trunk 9 (30.0%)
 Vertebrobasilar junction 12 (40.0%)
 Vertebral artery 5 (16.7%)
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mRS Groups
Patients with poor mRS scores had significantly larger 

aneurysm volumes (median 14.9 cm3 [IQR 8.6–18.7 cm3]) 
and diameters (median 38.8 mm [IQR 35.2–45.6 mm]) 
than patients with good mRS scores (median volume: 6.8 
cm3 [IQR 4.4–11.7 cm3], p = 0.03; median diameter: 33.2 
mm [IQR 27.2–37.8 mm]; p = 0.04). There were no sig-
nificant differences between groups regarding any of the 
other examined variables.

Associations Between Neurological Deficits and GPCirA 
Location, ∆MT, GPCirA Volume, and Occurrence of 
Hydrocephalus

We found no difference between GPCirA locations 
when comparing prevalences of neurological deficits (Ta-
ble 3). Table 4 describes associations between neurologi-
cal deficits and ∆MT, GPCirA volumes, and the presence 
of hydrocephalus. Poor clinical condition (mRS scores 
3–5) was significantly associated with aneurysm volume 
(OR 1.13, 95% CI 1.00–1.27; p = 0.04), but not with ∆MT 
or the occurrence of hydrocephalus. For CND and motor 
deficit, we found no associations with any of the examined 
factors.

Discussion
The main result of this analysis is that in our patient co-

hort, larger GPCirA volume was significantly associated 
with higher degrees of disability but not with the preva-
lence of CNDs or motor deficits. The degree of brainstem 
displacement away from the cranial base was not a signifi-
cant risk factor for the occurrence of CNDs, motor defi-
cits, or different degrees of disability. CNDs, motor defi-
cits, and hydrocephalus were frequent phenomena with 
prevalences of 50%, 33%, and 57%, respectively.

The premise of our study was that certain paradigms 
relevant to the diagnosis and clinical presentation of BI 
may be transferable to GPCirAs. Cronin et al. described 
that the linear measurement of the distance between the 
odontoid tip and the McRL is the most accurate tool to 
confirm the diagnosis of BI.4 They also defined a distance 
of at least 5 mm between the McRL and the tip of the 
odontoid as indicative of BI. Goel described 22 cases of 
BI with distances between the McRL and the odontoid tip 
ranging between 3 and 19 mm.11 The majority of his pa-
tients presented with motor deficit, neck pain, and sensory 
problems. Only in 9% did Goel observe CND. In another 
series of 17 patients with BI, the median distance between 

TABLE 2. Differences between patient groups

Patients w/ CND
Patients w/o 

CND
p 

Value
Patients w/ 

Motor Deficit 
Patients w/o 
Motor Deficit 

p 
Value

Patients w/ mRS 
Scores 0–2

Patients w/ mRS 
Scores 3–5

p 
Value

No. of patients 15 15 10 20 22 8
Mean age (SD), 

yrs
51 (15.0) 69 (21.0) 0.01 53.3 (26.5) 63.9 (20.8) 0.08 60.5 (20.8) 60.9 (32.0) 0.98

Sex, male, n 
(%)

14 (93.3) 11 (73.3) 0.14 8 (80.0) 17 (85.0) 0.73 19 (86.4) 6 (75.0) 0.46

Prevalence of 
hydrocepha-
lus, n (%)

7 (46.7) 10 (66.7) 0.27 7 (70.0) 10 (50.0) 0.30 10 (45.5) 7 (87.5) 0.09

Median ∆MT 
(IQR), mm

50.7 (39.2–53.9) 39.0 (32.3–45.9) 0.02 50.5 (40.8–54.6) 39.1 (32.8–50.5) 0.04 43.5 (34.8–51.0) 41.1 (32.3–65.7) 0.82

Median GPCirA 
vol (IQR), 
cm3

6.7 (4.0–10.9) 8.6 (6.6–17.4) 0.16 6.8 (5.3–12.5) 7.9 (4.7–14.7) 0.88 6.8 (4.4–11.7) 14.9 (8.6–18.7) 0.03

Median GPCirA 
diameter 
(IQR), mm

34.7 (29.0–38.3) 36.5 (28.3–40.6) >0.99 35.6 (31.2–42.7) 34.4 (27.6–39.2) 0.42 33.2 (27.2–37.8) 38.8 (35.2–45.6) 0.04

Prevalence of 
PT, n (%)

13 (86.7) 11 (73.3) 0.36 9 (90.0) 15 (75.0) 0.33 16 (72.7) 8 (100.0) 0.10

Boldface type indicates statistical significance.

TABLE 3. Prevalence of neurological deficits in relation to GPCirA location
GPCirA Location p  

ValueBasilar Apex (n = 4) Basilar Trunk (n = 9) Vertebrobasilar Junction (n = 12) Vertebral Artery (n = 5)

CND 75.0 55.6 33.3 60.0 0.45
Motor deficit 25.0 55.6 25.0 20.0 0.41
mRS score 0–2 75.0 77.8 66.7 80.0 0.92

Values are percentages unless specified otherwise.
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the McRL and the odontoid tip was 5.8 mm, with the 
largest distance being 25.7 mm.3 Here, the most frequent 
symptoms were motor deficit (96%), neck pain (62%), 
and unsteady gait (52%). In our cohort of GPCirAs, the 
median ∆MT was 41.1 mm, which surpasses the patho-
logical threshold of 5 mm (i.e., the threshold set for BI) by 
36.1 mm, and ranges higher than the distances described 
in the aforementioned series on BI. The fact that, in our 
cohort, the amount of brainstem displacement away from 
the cranial base was not associated with the occurrence of 
any neurological deficits—while aneurysm volume was—
suggests that the actual craniodorsal displacement of the 
brainstem by the GPCirA and GPCirA volume seem to 
be 2 separate, nonexchangeable risk factors for morbid-
ity. This is further supported by both of these variables 
not showing any correlation to each other in our patient 
cohort.

So far, there has not been an analysis of risk factors 
for neurological deficits exclusively for giant aneurysms 
of the posterior circulation. Previously published reports 
on the effects of brainstem compression by posterior cir-
culation aneurysms either only included few aneurysms 
of giant size or did not evaluate giant size as a separate 
category.15,27 In a series of 52 vertebrobasilar aneurysms 
with a median diameter of 10.0 mm (range 4.0–35.0 mm), 
aneurysm size was associated with the occurrence of com-
pressive brainstem symptoms, which were not described 
more closely.15 Similarly, a different series of 50 posterior 
circulation aneurysms categorized sizes only as ≤ 7 mm 
and > 7 mm, and does not describe how many were > 25 
mm.27 In that series, a deterioration in the mRS score over 
time was not associated with aneurysm size or different 
degrees of radiographic brainstem compression. Our find-
ings may be in contrast to those of those 2 studies, mainly 
since we exclusively examined giant aneurysms, which 

exert larger mass effects on their surroundings than non-
GIAs. Another contrast is that we adjusted our results for 
the effects of age and hydrocephalus, which is a signifi-
cantly more likely comorbidity in GPCirAs than in their 
nongiant counterparts.

 The fact that in our series different degrees of brain-
stem displacement away from the cranial base were not 
associated with the prevalence of CND is somewhat sur-
prising, especially when considering the anatomical dis-
tribution of cranial nerve nuclei within the brainstem. The 
nuclei of cranial nerves (CNs) IX and X and some sensory 
nuclei for CNs V and VIII are located at the level of the 
medulla oblongata. The pontomedullary junction harbors 
the nuclei of CNs VI, VII, and VIII, and the midbrain teg-
mentum harbors the nuclei of CNs III and VI.22 In our 
series, we observed significant displacement of all of these 
parts of the brainstem, with different degrees of displace-
ment for different brainstem sections. Our findings sug-
gest that the cranial nerve nuclei and the cranial nerves 
themselves seem to be able to adjust to a most likely 
slowly increasing craniodorsal displacement of the brain-
stem caused by a GPCirA. Interestingly, aneurysm volume 
significantly predicted patient disability as measured by 
mRS score, while the degree of brainstem displacement 
was not a predictor of disability. The observation that 
GPCirA volume causes disability is in line with previously 
published studies on BI, in which the volume of the mass 
effect on the brainstem caused by odontoid protrusion was 
surgically reduced, which resulted in improvement in dis-
ability.3,5 Similar findings were made in studies of patients 
with posterior fossa tumors. In a series of 75 meningiomas 
involving the clivus, patients with larger tumors were at 
higher risk of disability.21 Here, the majority of the tumors 
were larger than 2.5 cm in diameter and therefore of sizes 
similar to GPCirAs. Almefty et al. described similar re-
sults for petroclival meningiomas, where patient disability 
significantly improved after surgical reduction of tumor 
volume.1

Interestingly, we observed that CNDs occurred more 
frequently in younger patients with GPCirAs. This may 
be explained by the fact that the brain’s volume shrinks 
by approximately 5% per decade in patients older than 40 
years.19 This age-related brain atrophy may create addi-
tional space that may be utilized by neighboring structures 
to evade some of the mass effect caused by the GPCirA so 
that some of the stress on the cranial nerve nuclei may be 
relieved.

It is important to stress that, in our series, the occur-
rence of hydrocephalus was not a risk factor for neuro-
logical deficits. Still, hydrocephalus was present in more 
than half of our cases, suggesting that most patients with 
GPCirAs may experience significant disruption of CSF 
flow caused by the aneurysm’s mass effect. We also found 
that neurological deficits were equally distributed among 
the different GPCirA locations within the posterior circu-
lation, ranging from the vertebral artery up to the basilar 
apex. This highlights that all locations within the poste-
rior circulation should be viewed as equally critical for 
GPCirA morbidity.

Even though PT was quite frequent in our series, it 
was not associated with the prevalence of neurological 

TABLE 4. Associations between neurological deficits and ∆MT, 
GPCirA volumes, and the occurrence of hydrocephalus

OR (95% CI) p Value

CND
 ∆MT 1.04 (0.96–1.13) 0.31
 GPCirA vol 0.90 (0.76–1.05) 0.18
 Patient age 0.92 (0.84–1.01) 0.08
 Occurrence of hydrocephalus 0.69 (0.07–6.49) 0.74
Motor deficit
 ∆MT 1.03 (0.89–1.14) 0.58
 GPCirA vol 0.96 (0.83–1.10) 0.56
 Patient age 0.94 (0.86–1.03) 0.17
 Occurrence of hydrocephalus 5.02 (0.46–55.1) 0.19
mRS
 ∆MT 1.39 (0.97–1.11) 0.34
 GPCirA vol 1.13 (1.00–1.27) 0.04
 Patient age 1.00 (0.93–1.08) 0.99
 Occurrence of hydrocephalus 1.13 (0.20–6.35) 0.89
 Occurrence of PT 0.11 (0.01–1.17) 0.07

Boldface type indicates statistical significance.
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deficits. The exact pathophysiological role of PT in in-
tracranial aneurysms remains controversial. While some 
authors found PT to be associated with greater rupture 
and growth rates,17 others have described it as preventing 
aneurysm rupture as part of remodeling processes within 
the aneurysm wall, which seem to have a protective ef-
fect.10,14

Almost one-third of our patient cohort was either com-
pletely asymptomatic or displayed only mild disability 
without any CND or motor deficit. Since both endovascu-
lar and surgical management of GPCirAs are associated 
with significantly worse outcomes compared with those of 
giant intracranial aneurysms in the anterior circulation, we 
feel that in patients with no or only very mild impairment, 
conservative management with regular follow-up imaging 
ought to be considered.25 As stated by the authors of the In-
ternational Study of Unruptured Intracranial Aneurysms 
(ISUIA), any treatment decisions for GPCirAs should be 
discussed in depth with each patient due to the high risk of 
treatment-associated disability.25 We feel that our findings 
are clinically relevant since they may help find arguments 
for or against treatment, especially since we showed that 
GPCirA volume seems to be the only significant factor 
in predicting neurological deficits. In contrast, frequently 
discussed characteristics like the degree of brainstem dis-
placement away from the cranial base, GPCirA location, 
or even the occurrence of PT or radiographically diag-
nosed hydrocephalus may not be associated with the pa-
tient’s neurological condition.

The main strength of our study is that it is the first sys-
tematic investigation of the relationship between GPCirA 
morphology and the occurrence of CNDs, motor deficits, 
and disability. However, some limitations do exist. First 
of all, at this point we do not present follow-up data over 
time or after treatment. We will be able to present such 
data in the future, as the registry is still ongoing. How-
ever, we feel that the series of baseline, pretreatment data 
presented here is of significant scientific value, since it is 
the first of its kind in this rare and high-risk disease con-
dition. Furthermore, we examined a relatively small co-
hort of patients (n = 30). However, since GPCirAs, unlike 
nongiant posterior circulation aneurysms, are rare entities, 
a multicenter approach was necessary to acquire even 30 
cases. Also, there is a risk of selection bias since patients 
with neurological deficits may have been more likely to 
be diagnosed and therefore entered into the registry than 
asymptomatic patients. Furthermore, we did not examine 
the potential clinical relevance of lateral versus medial 
displacement of the brainstem in this analysis. Another 
limitation is that we only used those GPCirAs from the 
GIA registry for which imaging data were available in our 
imaging database. Since the submission of imaging is not 
required by the registry, some GPCirAs in the clinical da-
tabase of the registry could not be included in this analy-
sis. Also, one may argue that the highest aneurysm tip on 
midsagittal MRI is a rather random indicator of brainstem 
displacement. However, in BI, the distance between the 
McRL and the tip of the odontoid on midsagittal imaging 
is an established parameter, so we feel that transferring 
this mode of measurement to GPCirA seems reasonable.

Conclusions
In this cohort of patients with GPCirA, there was no 

correlation between GPCirA volume and the degree of 
brainstem displacement away from the cranial base. Neu-
rological deficits were associated only with GPCirA vol-
ume but not with brainstem displacement away from the 
cranial base, the occurrence of PT or hydrocephalus, or 
the exact location of the GPCirA within the posterior cir-
culation. Our findings highlight the clinical relevance of 
GPCirA volume and suggest that factors like brainstem 
displacement or partial thrombosis should play less of a 
role when finding arguments for or against the treatment 
of GPCirAs.
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