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1 Abbreviations

GIA: giant intracranial aneurysm

IA: intracranial aneurysm

GPCirA= Giant posterior circulation aneurysm
McRL= McRae line

AMT = distance between McRae-line and highest tip of Giant posterior circulation
aneurysm

PT= partial thrombosis

T2WI= T2-weighted image

mRS= modified Rankin Scale,

CND-= cranial nerve deficit

MD= motor deficit

Bl= basilar invagination

OR= odds ratio

rs= Spearman correlation coefficient

IQR= interquartile range

SD=standard deviation

II



2 Summary

2.1 Abstract

Hintergrund

Intrakranielle Riesen-Aneurysmen im hinteren Stromkreis (GPCirA) rufen haufig einen
erheblichen Masseneffekt auf den Hirnstamm hervor. Dadurch kdnnen neurologische
Defizite verursacht werden. Es gibt keine systematische Analyse, um die Hauptgrinde
dieses Phanomens zu untersuchen. Hauptziel dieser Arbeit ist es, Risikofaktoren zu
identifizieren, die verantwortlich fur das Auftreten von Hirnnervenschadigung,

motorischen Defiziten und die Behinderung von Patienten mit GPCirA sind.

Methodik

Praoperative MRTs von 30 unrupturierten GPCirA wurden retrospektiv analysiert. Die
folgenden Faktoren wurden untersucht: das GPCirA Volumen, die GPCirA Durchmesser,
das Vorkommen von Hydrozephalus, partielle Thrombosierung (PT), das PT Volumen
und der Grad der Hirnstammverlagerung. Letzterer wurde als die Distanz zwischen der
McRae Linie und der obersten Aneurysma-Spitze (AMT) definiert. Wir haben madgliche
Assoziationen zwischen den bereits genannten Faktoren und den neurologischen

Defiziten untersucht.

Ergebnisse

Die Halfte der Patienten hatten Hirnnervendefizite (n=15, 50.0%) und 33.3% motorische
Defizite. Die Patienten mit Hirnnervenschadigung waren signifikant junger (51y, SD 15.0
vs. 69.0y, SD 21.0; p=0.01) und hatten signifikant groRere AMT als die Patienten ohne
Hirnnervenschadigung (50.7mm, IQR 39.2-53.9 vs. 39.0mm, IQR 32.3-45.9; p=0.02). Die
Patienten mit motorischem Defizit hatten groRere AMT (50.5 mm, IQR 40.8-54.6 vs
39.1mm, IQR 32.8-50.5; p=0.04) im Vergleich zu den Fallen ohne motorisches Defizit.
Patienten mit mRS 3-5 hatten groRere GPCirA Volumina (14.9 cm?, IQR 8.6-18.7) als die
Patienten mit mRS 0-2 (6.8 cm?, IQR 4.4-11.7; p=0.03). In der Regressionsanalyse zeigte
sich, dass grofdere Aneurysma-Volumina mit einem hoheren Behinderungsgrad
assoziiert waren (OR=1.13; 95% CI 1.0-1.3; p=0.04), aber nicht mit der AMT. Keine der
untersuchten Faktoren war mit dem Auftreten von der Hirnnervenschadigung oder

motorischem Defizit assoziiert. Es zeigte sich auch keine Korrelation zwischen
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Aneurysma-volumen und AMT. Letztlich gab es keine signifikanten Unterschiede
zwischen den verschiedenen Lokalisationen der Aneurysmata im hinteren Stromgebiet

in Bezug auf das Auftreten von neurologischen Defiziten.

Schlussfolgerungen

Aus den Ergebnissen dieser klinischen Studie lasst sich ableiten, dass nur das Volumen
der GPCirA einen signifikanten Pradiktor fur das Auftreten von neurologischen Defiziten
darstellt, jedoch keiner der anderen untersuchten Risikofaktoren hatte einen signifikanten
Einfluss auf den klinischen Zustand der Patienten. Diese Ergebnisse sind von klinischer
Relevanz, da behandelnde Arzte mit ihnen in der Lage sind, zuséatzliche Argumente fiir

und gegen eine Intervention bei GPCirA Patienten zu finden.



Object

Giant intracranial aneurysms of the posterior circulation (GPCirA) often cause
compression of the brainstem and adjacent structures, resulting in neurological deficits.
Using data from the Giant Intracranial Aneurysm (GIA) Registry, we designed a study to
investigate potential predictors of cranial nerve deficits (CND), motor deficit (MD) and the
modified Rankin Score (mRS) in subjects with GPCirA.

Methods

All data were extracted from the database of the GIA Registry, which is an international
multicenter prospective observational study exclusively focusing on intracranial
aneurysms with diameters of at least 25mm. In magnetic resonance imaging of 30
subjects with unruptured GPCirA we examined GPCirA volume and diameters, presence
of hydrocephalus and partial thrombosis (PT), and the amount of displacement of the
brainstem as measured by the distance between the McRae Line (McRL) and the tip of
GPCirA (AMT). We also examined potential associations between these specific factors

and neurological deficits

Results

Half of the patients presented with CND and 33.3% of the cases had MD. Patients with
CND were different from those without CND in age (51y SD 15.0 vs. 69.0y SD 21.0;
p=0.01) and in AMT (50.7mm, IQR 39.2-53.9 vs. 39.0mm, IQR 32.3-45.9; p=0.02).
Patients with MD differed significantly from those without only in AMT (50.5 mm, IQR
40.8-54.6 vs 39.1mm, IQR 32.8-50.5; p=0.04). Patients with poor modified Rankin Score
(mRS) had larger volumes (14.9 cm?, IQR 8.6-18.7) compared to those with a good
clinical condition (MRS 0-2) (6.8 cm?, IQR 4.4-11.7; p=0.03). We found no differences
between GPCirA locations (basilar apex, the basilar trunk, the vertebrobasilar junction
and the vertebral artery) when we compared prevalences of neurological deficits. After
performing multivariate regression analysis, adjusting for patient age, the occurrence of
hydrocephalus and PT, 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 AMT. There were no

associations between the presence of CND or MD and any of the examined variables.



Conclusions

Our data highlight that the GPCirA volume was the only predictor of patient neurological
condition. None of the other examined factors, such like the brainstem displacements,
the occurrence of hydrocephalus or PT or the location of GPCirA predicted the patient
clinical condition. So, we feel that our results might suggest that, when we want to decide
whether to treat or not GPCirA, we should always take into account firstly the volume of

the aneurysms and we should examine in second line the other potential risk factors.



2.2 Introduction

Giant intracranial aneurysms (GIA) are rare entities, since they make up only about 2 to
5% of all intracranial aneurysms (IA) (24). Their uniqueness is reflected through their size,
which starts at 25mm in diameter. GIA of the posterior circulation (GPCirA), defined as
GIA originating from the vertebrobasilar arteries, are associated with the highest morbidity
and mortality rates of all IA (7, 24). Different shapes, such as fusiform, dolichoectatic and
transitional fusiform (9) and the occurrence of partial thrombosis (PT) are more commonly
observed in GPCirA than in GIA of the anterior circulation (6). GPCirA frequently cause
substantial compression of the structures located in the posterior fossa, such as the
brainstem, the cerebellum and the adjacent cranial nerves (2, 26). Consequently, patients
often present with neurological deficits, such as cranial nerve deficits (CND), motor
deficits (MD), hydrocephalus, severe headaches or high degrees of disability (2, 12,
15,17). However, GPCirA have been investigated so far only as a byproduct of clinical
studies examining predominantly smaller IA (14, 26). Accordingly, a systematical
quantification of the degrees of brainstem compression caused by the giant mass effect
and possible relations to clinical findings is still missing. In contrast, similar aspects have
been investigated in detail in other pathologies of the cranial base, such as basilar
invagination (Bl). Bl causes considerable compression of the brainstem since the
odontoid tip protrudes into the posterior fossa putting significant stress on both brainstem
and nuclei of cranial nerves (11, 19). In Bl, brainstem displacement is quantified by the
vertical distance between the odontoid tip and the so called “McRae line” (McRL), which
connects the clivus and the opisthion. The pathological threshold was set to at least 5Smm
(4). Considering the anatomical relationships, the extension of the odontoid tip into the
foramen magnum substantially compresses the brainstem and neighboring structures.
Previous publications highlight that due to these compressive phenomena Bl frequently
leads to CND, MD, pulsatile headaches, neck pain and paresthesia (11, 19). While
GPCirA are different entities from Bl, many similarities do exist. GPCirA present with
similar clinical symptoms and produce significant compression of the brainstem.
Therefore, certain clinical and diagnostic tools established in the diagnosis of Bl maybe
transferrable to GPCirA. The distance between the McRL and the highest tip of the
aneurysm (AMT) may be used to estimate the degrees of brainstem displacement away
from the cranial base and additionally might help to evaluate the patient’s clinical

condition and their disability in actions of daily routine.



In previously published case series on GPCirA, the occurrence of clinical hydrocephalus
is a common phenomenon, which is confirmed in computed tomography (CT) or magnetic
resonance imaging (MRI) (12, 17). Their results suggest that the patients frequently
experience significant disruption of the flow of the cerebrospinal fluid caused by the
aneurysm’s mass effect. However, nobody so far has systematically examined if the
aneurysm mass effect is correlated to the occurrence of hydrocephalus or if the

occurrence of hydrocephalus is the cause of the neurological deficits.

We designed a multicenter clinical study exclusively on unruptured GPCirA using clinical
and imaging data from the database of the Giant Intracranial Aneurysm Registry with the

aim to investigate the following points:

(1) Describe the clinical condition of subjects with GPCirA according to the occurrence of
CND, MD, degrees of disability (modified Rankin scale, mRS), and hydrocephalus
(2) Describe GPCirA morphological parameters, such as diameter, volume and presence

of PT as measured in MRI

(3) Examine the occurrence of hydrocephalus by using the Evans index (El)

(4) Identify potential associations between GPCirA characteristics and clinical findings
(CND, MD, mRS, hydrocephalus)

(5) Describe differences in prevalences of neurological deficits in relation to GPCirA
locations within the posterior circulation (basilar apex, basilar trunk, vertebrobasilar
junction and vertebral artery)

(6) Examine associations between neurological deficits (CND, MD, mRS, hydrocephalus)
with GPCirA volume, the amount of brainstem displacement, the occurrence of

hydrocephalus and patient age



2.3 Methods

All data outlined below were extracted from the original published article according to the
thesis regulation of the Charité Berlin.

For this specific sub-analysis, all imaging and clinical data were extracted retrospectively
from the prospective database of the GIA Registry. The GIA Registry is a multicenter
observational clinical study collecting prospective clinical and imaging data exclusively
on GIA from centers in Europe, USA and Japan. The GIA Registry is registered at
ClinicalTrials.gov (registration no. NCT02066493). This study was approved by the ethics
committee of the Charité Berlin (EA2/052/08) and by the ethics committees of each
participating center. The inclusion criteria into this study were, firstly, that the subjects
had one unruptured giant aneurysm (diameter > 25mm) located in the posterior circulation
and secondly that there was available magnetic resonance imaging before the initiation

of any treatment approach.

2.3.1 Patient characteristics

Baseline characteristics, including age and sex, the occurrence of CND, MD and disability
(mRS) were extracted from the database of the GIA Registry. The degrees of disability
were classified into two categories: (1) mild (mRS 0-2) and (2) severe (MRS 3-5), as
previously published (23). In line with international standards motor deficit was defined
by insufficient function of a body part or the paralysis of a body part, leading mainly to
muscle disorders, such as weakness, loss of muscle control or poor stamina.
(International Neuromodulation Society (ins): Motor impairment: reviewed April 2, 2012
Jaimie M. Henderson, Motor deficit Director-at-Large, International Neuromodulation
Society, 2011 - 2014 (Accessed August 2, 2017, at

http://www.neuromodulation.com/motor-impairment)).

2.3.2 Neuroimaging analysis

In line with previously published studies, all linear measurements were performed on
midsagittal T2WI-MRI imaging (4,11). In line with measurements in Bl, we defined AMT
as the distance between the McRL and the highest tip of the GPCirA in an angle of 90
degrees in midsagittal MRI (Figure 1). The McRL is defined as the distance between the

basion and the opisthion. Furthermore, we used the Evans Index (El) to confirm the
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presence of hydrocephalus. El describes 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 in T2WI-MRI (8, 22). The pathological threshold must be larger than
0.3. We also classified the location of the GPCirA, depending on their origin from the
arteries of the circle of Willis by using digital subtraction angiography (DSA). GPCirA were
allocated into four groups: basilar apex, basilar trunc, vertebrobasilar junction and

vertebral artery aneurysms.

Figure 1: Quantification of brainstem displacement by measuring the distance between
the McRae line and the highest tip of the aneurysm (AMT)

In order to quantify aneurysm volumes, we used MRI with time-of-flight sequences and
T2-weighted images (T2WIs) and digital subtraction angiography (DSA). All volumetric
measurements were performed by using the software “iPlan Cranial” (BrainLab,
Heimstetten, Germany). Two experienced examiners (P.L., J.D.) conducted the
measurements at the GIA registry’s coordinating center at the Charité — Berlin. The
circumference of the GPCirA was marked manually using the mouse cursor within each
slice of the T2-weighted images. The volumes were then calculated from the software by
multiplying the marked areas in each slice with the slice thickness (mean axial thickness
4.3 mm (SD 1.6)). To determine the volume of the thrombosed parts independent of
whether PT was intramural or intraluminal, we measured the difference between the

perfused GPCirA volume as seen on angiography and the GPCirA volume on MRI.



2.3.3 Statistical analysis

We applied the Shapiro-Will test to examine the distribution of data. Since only patient
age was normally distributed, it is presented by means and standard deviation (SD), while
the rest of the values is presented as medians with interquartile range (IQR). For the
comparison of the baseline data we used Mann-Whitney-U-test for continuous variables
or the Chi-square test for categorical data. The Chi-square test was applied to examine
the different prevalences of neurological deficits in relation to GPCirA locations in the
posterior circulation (basilar apex, basilar trunc, vertebrobasilar junction and vertebral
artery). Spearman correlation was used to investigate possible correlations between
aneurysm volume and AMT. Potential associations were investigated by using binary
logistic regression models which examined CND or motoric deficit as dependent variables
and patient age, AMT, GPCirA volume, and occurrence of hydrocephalus as independent
variables. In an ordinal regression model, we tested associations between mRS as
dependent variable and patient age, AMT, GPCirA volume, occurrence of hydrocephalus
and the occurrence of PT as independent variables. In this specific study, we do not
present data on interobserver reliability, since previous publications showed that there is
a very good interobserver reliability in measuring volumes of giant intracranial aneurysms
(25). All statistical analyses were performed using SPSS software, Version 24.0.0.0 (IBM
Corp., Armonk, NY, USA).



2.4 Results

MRI and DSA data of 30 unruptured GPCirA in 30 patients, which had been included into
the GIA Registry between January 2009 and March 2017 at 7 participating centers, were
analyzed in this study. GPCirA and patient characteristics are displayed in Table 1. There
was a predominance of the male gender (n=25/30, 83.3%). The mean age was 60.6 years
(SD 12.8). 50% of the cases (n=15) presented with CND, 33% (n=10) with MD, while 3
patients were completely asymptomatic (mRS 0, 10.0%). 19 patients (63.3%) had mild
disability and 8 patients (26.7%) had severe disability. 17 cases (56.7%) were diagnosed
with radiological hydrocephalus. Median GPCirA volume was 7.9 cm?® (IQR 5.2-14.3) and
median diameter was 35.3mm (28.3-39.6mm). Median AMT was 41.1 mm (IQR 34.6-
51.0). Partial thrombosis was present in 24 cases (80.0%). We found no correlation

between AMT and aneurysm volume (rs=0.01; p=0.96).

Table 1: Patient and GPCirA characteristics

Number of patients 30
Number of GPCirA 30
Age, y, (mean, SD) 60.6 (12.8)
Male, n (%) 25 (83.3%)
Cranial nerve deficit, n (%) 15 (50.0%)
Motor deficit deficit, n (%) 10 (33.3%)
mRS-score (mean, SD) 1.8 (2.0)
Asymptomatic (mRS 0), n (%) 3 (10.0%)
Mild disability (MRS 1-2), n (%) 19 (63.3%)
Severe disability (mRS 3-5), n (%) 8 (26,7%)
hydrocephalus, n (%) 17 (56.7%)
AMT (mm, IQR) 41.1 (34.6-51.0)
GPCirA volume (cm?, IQR) 7.9 (5.2-14.3)
GPCirA diameter (mm, IQR) 35.3 (28.3-39.6)
Prevalence of PT, n (%) 24 (80.0%)

IQR = interquartile range; SD = standard deviation; AMT=distance between McRae-line
and highest tip of Giant posterior circulation aneurysm; GPCirA= Giant posterior
circulation aneurysms; PT= partial thrombosis
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Comparison between CND, MD and mRS groups

Comparing CND groups

Cases with CND were younger (51.0y, SD 21.0) in comparison to those without CND
(69.0y, SD 15.0, p=0.01). Furthermore, AMT was larger in subjects with CND (50.7mm,
IQR 39.2-53.9) compared to subjects without CND (39.0mm, IQR 32.3-45.9, p=0.02). We
observed no significant differences between the groups in sex, GPCirA volume or

diameters, the prevalence of hydrocephalus or PT and in PT volumes.

Comparing MD groups

There were no significant differences between both MD groups in patient age, sex,
prevalence of hydrocephalus or PT, in GPCirA volume and size. Patients with MD had
larger AMT (50.5mm, IQR 40.8-54.6) in comparison to those without (39.1mm, IQR 32.8-
50.5, p=0.04).

Comparing mRS groups

Cases with severe disability (mRS 3-5) displayed larger GPCirA diameters and volumes
(diameter: 38.8mm, IQR 35.2-45.6, volume: 14.9 cm?, IQR 8.6-18.7) compared to cases
with mild disability (mRS 0-2) (diameter: 33.2mm, IQR 27.2-37.8, p=0.04, volume: 6.8
cm?, IQR 4.4-11.7, p=0.03). We found no differences when comparing the two groups
regarding sex, age, prevalence of hydrocephalus, prevalence of PT, PT volume or in
AMT.

Between group differences are summarized in Table 2.
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GPCirA locations and their relation to neurological deficits

The majority of the GPCirA cases was located at the vertebrobasilar junction (n=12,
40.0%). In 9 cases GPCirA arose from the basilar trunc (30.0%), while 16.7% of the cases
had vertebral aneurysms and 13.3% basilar apex aneurysms. We found no differences
between GPCirA locations when we compared prevalences of neurological deficits, as

displayed in Table 3.

Table 3: Prevalence of neurological deficits in relation to GPCirA locations

GPCirA location
Prevalence Basilar apex Basilar Vertebrobasilar Vertebral | p-value
(%) (n=4) trunc junction artery
(n=9) (n=12) (n=5)
CND 75.0 55.6 33.3 60.0 0.45
MD 25.0 55.6 25.0 20.0 0.41
mRS 0-2 75.0 77.8 66.7 80.0 0.92

CND= cranial nerve deficit, MD= motor deficit, mRS= modified Rankin Scale

Associations between neurological condition and age, AMT, GPCirA volumes, and

the occurrence of hydrocephalus

Table 4 displays associations between neurological deficits and patient and aneurysm
characteristics. In the binary regression analysis, we found no significant associations
between AMT, GPCirA volume, patient age or the presence of hydrocephalus and the
occurrence of CND or MD. In contrast, when we performed ordinal regression analysis
for the mRS groups, we did find that higher degrees of disability according to mRS were
significantly associated with larger aneurysm volumes. However, we did not find any
further associations with the other examined factors, such as patient age, AMT, the

occurrence of hydrocephalus or the occurrence of PT.
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Table 4: Associations between CND, motor deficits and mRS groups and the examined
characteristics

OR (95% CI)
p

Motor deficit

AMT 1.03 (0.893-1.14) 0.58

GPCirA volume 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
Cranial nerve deficit

AMT 1.04 (0.96-1.13) 0.31

GPCirA volume 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
mRS

AMT 1.39 (0.97-1.11) 0.34

GPCirA volume 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

OR= odds ratio; AMT= distance between McRae-line and highest tip of giant posterior
circulation aneurysm; GPCirA= Giant posterior circulation aneurysms; Cl= confidence
interval; mRS= modified Rankin Scale

14



2.5 Discussion

Our analysis of 30 unruptured GPCirA showed that aneurysm volume is a significant
predictor for levels of patient disability but not associated with the occurrence of CND
or MD. In addition, higher degrees of brainstem displacement away from the cranial
base, as measured by the AMT, were not a significant risk factor for the prevalence of
CND, motor deficit or disability. We observed that neurological deficits occurred in our
cohort with high prevalences. In particular, half of our cases presented with CND, 33%
with MD and 57% with radiological hydrocephalus. In our patient cohort only 10% of

all patients were asymptomatic.

2.5.1 GPCirA and AMT

In this study, we primarily hypothesized that certain diagnostic and clinical paradigms
used in the diagnosis of Bl may be transferrable to GPCirA, since concerning the
similar compressive effects directed on the brainstem and the adjacent cranial nerves
both neurovascular entities lead to similar radiological and clinical consequences.
Chandra et al described 17 cases with Bl where the distance between the McRL and
the odontoid tip varied from 5.8 mm to a maximal distance of 25.7 mm (3). In their
cohort, motor deficit occurred with the highest prevalences (96%) followed by neck
pain (62%) and unsteady gait (52%). Cronin et al were the first to establish that the
linear measurement of the distance between the McRL and the odontoid is the most
valid clinical tool to confirm the diagnosis of Bl. They set this distance to be pathological
if it is equal or greater than 5mm (4). Furthermore, in another series on 22 cases of Bl
the distances between McRL and the odontoid tip fluctuated between 3 to 19 mm.
Here, the patients mainly presented with motor deficits, neck pain and sensory
problems. CND was observed only in 9 cases. In our clinical study on GPCirA, we
observed that the distance between the McRL and the highest tip of the aneurysm
ranges between 15.9 to 74.7 mm, which is much higher than those observed in series
on Bl such as the ones mentioned above. This finding suggests that the pathological
threshold of 5mm set for Bl, cannot be adopted as a pathological one when speaking
of giant aneurysms of the posterior circulation. However, we found that not only the
amount of brainstem displacement away from the cranial base, but also the degrees
of displacement caused by the aneurysm volume, were not significant risk factors for

the occurrence of neurological deficits. These findings might support the notion that
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these two parameters seem to be two independent risk factors for patient morbidity

since they showed no correlations to each other in the examined cases.

2.5.2 GPCirA characteristics and brainstem anatomy

Considering the anatomy of the brainstem, it is known that the brainstem harbors the
nuclei of the cranial nerves. Principally, the nuclei of CN IX, X and some sensory nuclei
for CN V and VIII are located at the level of the medulla obloganta. The nuclei of CN
VI, VIl and VIII arise from the pontomedullary junction and the nuclei of CN IIl and VI
from the midbrain tegmentum (21). Taking into account these anatomical relationships,
one has to consider that the displacement of the brainstem structures away from the
cranial base caused by the compression of the GPCirA may lead to cranial and motor
nerve deficits. However, contrary to this assumption, our results suggest that the
degrees of brainstem displacement are not a subsequent factor for the occurrence of
neurological deficits caused by GPCirA. These surprising findings might indicate that
the different levels of craniodorsal displacement of the brainstem cannot affect directly
the CN nucleis and the CNs themselves, but they can contribute to higher degrees of
patient disability. This notion is supported by the fact that only the aneurysm volume is
a significant predictor for severe disability as measured by means of mRS. This
phenomenon is in line with previous publications on Bl, which report that due to surgical

reduction of the odontoid tip the levels of patient disability improved significantly (3, 5).

2.5.3 GPCIirA and tumors

Similar findings to the association between disability and aneurysm volume were
mentioned in studies on tumors of the posterior fossa. Sekhar et al described 75 cases
with clivus meningiomas, of which the vast majority were larger than 2.5 cm. Patients
with larger tumor sizes also presented with greater degrees of disability. Larger size of
tumors was significantly related to higher risk of disability (20). These results, are
similar to ours for GPCirA since the size of a giant aneurysm is at least 2.5 cm such
like the sizes presented in the tumor cases above and according to our results, the
aneurysmal size is associated with patient disability. In another series on petroclival
meningiomas, the surgical removal of the tumors resulted in significant improvement
of disability (1).
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2.5.4 GPCIirA in the literature

In previous published series of 52 vertebrobasilar aneurysms, the aneurysm size,
which ranged between 4.0 mm to 35.0 mm, was a significant predictor for the
occurrence of brainstem symptoms. However, these symptoms were not specified by
the authors (14). In another case series, Xu et al described that patient impairment, as
measured by the mRS, was not associated neither with aneurysm size nor with
different degrees of brainstem compression (26). The authors categorized the
aneurysm into two groups: the first group included aneurysms with a size <7 mm and
the second group included only aneurysms with a diameter greater than 7 mm. They
did not describe how many of them were of giant size (26). Concerning these points,
we want to stress that none of the studies published so far have systematically
investigated risk factors for neurological deficits exclusively for GPCirA. GPCirA have
been frequently mentioned only as byproduct of clinical reports on IAs so that their
natural course still remains debatable. The findings presented here might differentiate
to the clinical reports mentioned above, since we conducted a study exclusively on
GPCirA and consequently all of our cases exert larger mass effects on their
surrounded structures rather than non-GIA-IA. Furthermore, the occurrence of
hydrocephalus is a common co-morbidity in GPCirA and not in smaller intracranial
aneurysms and this is why we adjusted our results to the effects of hydrocephalus.
Although, in our analysis hydrocephalus occurred with high prevalences, our results
showed that it was not associated with the presence of CND, MD or patient disability.
So, we may conclude there is a significant disruption of the flow of the cerebrospinal
fluid caused by the GPCirA mass effect.

2.5.5 GPCirA, patient age and the occurrence of PT

Interestingly, we found that younger GPCirA patients suffered more frequently from
CND. As previously published, the brain volume decreases approximately 5% per
decade in patients older than 40 years (18). This age related brain atrophy may create
some additional space in brain matter that may be used by the neighboring structures.
Thus, some stress on the nuclei may be relieved since there is some more space
gained for the adjacent structures.

PT was in our case series a pretty frequent phenomenon. However, we found no

associations between PT and neurological deficits. Nevertheless, its effect on the
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pathophysiology of the aneurysms still remains uncertain. Different underlying
mechanisms have been described to play an important role in the pathogenesis of
aneurysm growth. Krings et al and Nasr et al showed that PT was significantly
associated with higher rupture and growth rates (13,16). However, PT has also been
described to prevent aneurysm rupture as part of remodeling processes within the
aneurysms wall (10, 13), which seem to have a protective effect. Furthermore, another
result of our analysis is that there was a normal distribution of GPCirA within the
posterior circulation ranging from the vertebral artery up to the basilar apex, which
shows that every location within the posterior circulation is critical and must be carefully

viewed especially when planning treatment.

2.5.6 GPCirA and treatment strategies

In the largest prospective multicenter study on intracranial aneurysms, ISUIA
(International Study of Unruptured Intracranial Aneurysms) investigators stated that
GPCirA are associated with the highest morbidity and mortality rates, even after
surgical or endovascular management (24). They highlighted that both treatment
techniques are associated with significant complications resulting in worse clinical
outcomes in comparison to giant aneurysms located in the anterior circulation. In our
patient cohort about one third was completely asymptomatic or had very mild
symptoms. Concerning the high risks of the treatment approaches as stated by ISUIA
study group, we feel that conservative management with regular follow up imaging may
be an option for patients with no or mild symptoms. It is important to stress that we
found that GPCirA volume is the only significant risk factor in predicting neurological
deficits. In contrast, none of the frequently discussed risk factors, such as the degree
of brainstem displacement away from the cranial base, GPCirA location, the
occurrence of PT or of hydrocephalus were associated with the occurrence of
neurological deficits or the levels of disability. So, measuring the GPCirA volume may
be clinically more relevant since it may help physicians in finding arguments whether

initiating intervention is necessary.
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2.5.7 Study limitations

There are certain limitations to our analysis. Firstly, we investigated a relatively small
number of cases (n=30). Nonetheless, GPCirA are scarce lesions and therefore a
multicenter approach was necessary to even gather the number of cases presented
here. Another limitation is that we included only the cases with GPCirA from the GIA
Registry, for which MRI data was available. According to the study design, the
submission of imaging data is optional and thus some cases may be left out of this
specific study on GPCirA. Furthermore, we measured as the highest tip of the
aneurysm the one presented on midsagittal MRI and one may argue that this may be
a random indicator of brainstem displacement. However, we feel that this methodology
is rational and transferable to GPCirA since in Bl the distance between the McRL and
the tip of the odontoid in midsagittal imaging has an established significance. In this
analysis we did not examine lateral or medial brainstem displacement. Finally, there
might exist a risk of selection bias since patients with neurological deficits may be

preferred to be included into the registry rather than asymptomatic cases.

2.5.8 Conclusions

This study is the first to systematically examine the relationship between GPCirA
morphology and the occurrence CND, MD and disability. Our results show that GPCirA
volume was the only significant predictor of patient disability. Our findings suggest that
measuring aneurysm volume maybe essential for deciding whether treatment is crucial
or not. Additionally, none of the other examined factors were significantly associated
with the occurrence of neurological deficits or with patient disability. Therefore, we feel
that our results may indicate that the clinical relevance of examining the degrees of
brainstem displacement from the cranial base, measuring PT volumes, defining the
exact location of the GPCirA within the posterior circulation or the presence of

radiological hydrocephalus may be limited when deciding for or against treatment.
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