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Abstract
Background Giant intracranial aneurysms (GIA) are often not
eligible for direct clip occlusion. Surgical alternatives include
partial clip occlusion or the placement of a cerebrovascular
bypass or the combination of both. These alternative indirect
strategies are expected to lead to a decrease in GIA volume
over time rather than instantaneously. To examine whether this
is the case, we analyzed follow-up imaging results 1 year after
surgery.
Methods We retrospectively screened the prospective GIA
Registry’s imaging database for anterior circulation GIA treat-
ed by surgical strategies other than direct clipping. We mea-
sured pre- and 1-year post-treatment GIAvolume, lateral ven-
tricle volume (LVV), and mid-line shift (MLS) in 19 cases.

Results After a mean follow-up of 466 days (standard devia-
tion ±171) GIAvolumes decreased from 9.6 cm3 (interquartile
range (IQR) 6.1–14.1) to 4.3 cm3 (IQR 2.9–5.7; p<0.01).
Ipsilateral LVV increased from 8.6 cm3 (IQR 6.4–24.9) to
16.0 cm3 (IQR 9.1–27.2; p<0.01) while contralateral LVV
increased from 10.3 cm3 (IQR 7.3–20.1) to 11.7 cm3 (IQR
8.2–19.4; p=0.02). MLS changed from 0.1 mm (IQR −1.9
to 2.0) to −0.9 mm (IQR −1.8 to 0.4; p=0.03). The decrease
in GIA volume correlated with the increase in ipsilateral LVV
(rs=0.60; p=0.01) but not with the changes in MLS (rs=0.41;
p=0.08).
Conclusions In our patient cohort, surgical strategies other
that direct clipping for the treatment of anterior circulation
GIA lead to a significant decrease in GIA volume over time.
The resulting decrease in mass effect was more sensitively
monitored by the measurement of changes in ipsilateral LVV
than changes in MLS.
Clinical Trial Registration-URL http://www.clinicaltrials.
gov. Unique identifier: NCT02066493.
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Introduction

Giant intracranial aneurysms (GIA) are defined as aneurysms
with a diameter≥25 mm. They are known to exert consider-
able mass effect on the brain, which differentiates them from
most non-giant intracranial aneurysms (IA) [1, 6, 7, 14]. In
contrast to the treatment of non-giant IA, GIA treatment is
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therefore not only directed at aneurysm occlusion but also at
the reduction of the mass effect on the brain.

Reaching this twofold goal is complicated by the fact that
GIA frequently incorporate thrombus and neighboring ves-
sels, which makes regular aneurysm treatment strategies like
endovascular coiling or direct surgical clipping unfeasible. A
relevant alternative is the surgical establishment of a cerebro-
vascular bypass in combination with proximal and/or distal
GIA occlusion [9, 17, 18, 20]. This indirect surgical strategy
leaves the body of the GIA basically untouched and seeks to
alter blood flow patterns in order to reduce hemodynamic
stress on the GIA and facilitate GIA shrinkage over time,
resulting in a decrease in mass effect. Some authors have
questioned the ability of GIA to shrink over time if treated
by such an indirect strategy [13].

So far, no scientific evidence exists on postoperative
changes in the mass effect of GIA that cannot be clipped
directly. Furthermore, there is uncertainty on how to best
quantify changes in the mass effect GIA exert on the brain.
In the field of intracerebral hemorrhage (ICH) mid-line shift
(MLS) or lateral ventricle volume (LVV) have long been used
as indicators of changes in mass effect [10, 16].

We designed an analysis to examine changes in cerebral
mass effect over time after surgical treatment of GIA that are
not eligible for direct clipping. The main goal was to describe
changes in GIA volume on follow-up magnetic resonance
imaging (MRI) along with changes in MLS and LVV.We also
aimed to examine whether changes in GIA volume correlate
with those in MLS and LVV.

Methods

Patients

All imaging and clinical data for this analysis were extracted
from the Giant Intracranial Aneurysm Registry’s prospective
database. This registry is an international observational trial
that is currently collecting clinical and imaging data on GIA
throughout Europe and Asia [4]. Data collection was ap-
proved by the ethics committee of the Charité, Berlin (EA2/
052/08). Each patient or their next of kin consented to the
participation in this trial. The GIA Registry is listed at
clinicaltrials.gov (NCT02066493). Inclusion criteria for the
specific analysis presented here, which is a sub-analysis of
the GIA Registry, were:

1) diagnosis of an unruptured anterior circulation GIA on
MRI,

2) the GIAwas not treated by direct clipping but by indirect
surgical strategies, as described below, either due to the
incorporation of important vessels into the GIA and/or the

presence of relevant intra-aneurysmal thrombus or
calcification,

3) surgery was conducted without partial GIA resection or
thrombectomy,

4) existence of two separate MRI examinations in the
registry’s imaging database, of which one was done less
than 3 months before treatment and the other one at least
9 months after treatment.

We exclusively included cases located in the anterior cir-
culation since at this location the mass effect is more likely to
simultaneously affect both the lateral ventricles and the mid-
line of the brain.

Neuroimaging and volumetric analysis

Since T2-weighted images (T2WI) produce optimal contrast
between cerebrospinal fluid and neighboring brain structures,
data from T2WI (in axial slices) were collected. All imaging
was independently analyzed at the GIA Registry’s coordinat-
ing center by two separate examiners (N.M. and J.D.). Anal-
yses of GIA volume and lateral ventricle volume (LVV) were
performed using the software BiPlan Cranial^ (BrainLab,
Heimstetten, Germany), which is used in clinical routine
mainly for preoperative neuronavigation planning. The cir-
cumference of the object of interest was manually marked
using the mouse cursor within each slice of the T2WI to create
a segmentation. The software then calculated the object’s vol-
ume by multiplying the marked areas in each slice with the
slice thickness of the T2WI. To quantify MLS the distance
between the septum pellucidum and the connecting line be-
tween anterior and posterior insertion of the falx cerebri was
measured at the level of the third ventricle [21, 22].

Surgical strategies

Surgical strategies were divided according to the following
categories: bypass combined with proximal or distal occlusion
or aneurysm trapping; only bypass without aneurysm occlu-
sion or only proximal occlusion without bypass. Proximal
occlusion refers to the surgical occlusion (either by clip or
ligation) of the parent vessel proximal to the GIA. Distal oc-
clusion describes the surgical occlusion of one or more vessel
branches directly exiting the GIA.

Statistical analysis

Statistical analysis was performed using SPSS software, Ver-
sion 22.0.0.0 (IBM Corp., Armonk, NY, USA). The Shapiro–
Wilk test was used to test variables for normal distribution.
Normally distributed values are given as means with standard
deviation, not normally distributed values as medians with
interquartile range (IQR). Differences between groups for
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normally distributed values were analyzed using the indepen-
dent t test. The Mann–Whitney U test and the Wilcoxon
signed-rank test were applied to compare values that were
not normally distributed. The relation between changes in
GIA volume and those in LVV was examined by Spearman
correlation. Inter-observer variabilities were calculated using
the two-way random effects model intra-class correlation test.

Results

Nineteen cases of anterior circulation GIA in 16 patients (eight
female, eight male) were included into the analysis. Three
patients presented with bilateral GIA of which both were treat-
ed in separate surgical sessions. All surgical procedures were
conducted between March 2009 and February 2012. Mean
time to follow-up MRI was 466 days (±171). Mean patient
age was 52 years (±13). Patient and treatment characteristics
are displayed in Table 1. In 15 cases, cerebrovascular bypass
surgery was conducted in combination with proximal and/or
distal GIA occlusion. In two cases only, a bypass was placed
without GIA occlusion due to relevant deterioration of intra-
operative monitoring of motor evoked potentials during the
attempt to partially occlude the GIA. In two cases only a
proximal occlusion of a cavernous internal carotid GIA was
conducted without bypass placement. MRI was performed at
nine different institutions. Mean axial slice thickness in the

T2WI was 3.8 mm (±1.9). Interobserver agreement for GIA
volume, LVV, and MLS was excellent (each with correlation
coefficients >0.91, p<0.05). Figure 1 gives an example of the
mass effect of a GIA of the right MCA before and 13 months
after treatment.

Changes in GIA volume, LVVand MLS after treatment

Figure 2 shows the changes in GIA volume, LVV, and MLS.
GIAvolumes decreased significantly by 55.2 % from 9.6 cm3

(IQR 6.1–14.1) to 4.3 cm3 (IQR 2.9–5.7; p<0.01). Ipsilateral
LVV increased by 86.0 % from 8.6 cm3 (IQR 6.4–24.9) to
16.0 cm3 (IQR 9.1–27.2; p<0.01). Contralateral LVV showed
an increase by 13.6 % from 10.3 cm3 (IQR 7.3–20.1) to
11.7 cm3 (IQR 8.2–19.4; p=0.02). Before treatment, the
MLSwas directed to the contralateral hemisphere with a value
of 0.1 mm (IQR −1.9 to 2.0). After treatment the MLS
changed by a median of 10 mm and was now directed towards
the treated GIAwith a value of −0.9 mm (IQR −1.8 to 0.4; p=
0.03).

Changes in LVVand MLS in relation to the decrease
in GIA volume

Next, we analyzed whether there was a correlation between
the reduction in GIA volume after surgery and changes in
LVV and MLS. Since the changes in contralateral LVV had
been rather small, we exclusively focused on changes in ipsi-
lateral LVVand MLS. We found a correlation between chang-
es in GIA volume and those in ipsilateral LVV with an rs of
0.60 (p=0.01). In contrast, there was no correlation between
changes in GIAvolume and those in MLS (rs=0.41; p=0.08).

To describe these findings in more detail, we divided our
patient cohort into quartiles according to the amount of reduc-
tion in GIAvolume after surgery. Table 2 shows the reduction
in GIAvolume, the increase in ipsilateral LVVand the change
in MLS for each of those quartiles. Table 3 describes the
distribution of GIA volume reductions for each type of surgi-
cal strategy. All of the five GIA with the largest reduction in
volume (1st quartile) were treated using a proximal occlusion
strategy, in most cases with the addition of a bypass. The
surgical strategies in the 4th quartile of GIAvolume reduction
all consisted of a bypass with the addition of a proximal oc-
clusion in one case and a distal occlusion in two cases. In this
4th quartile we observed a decrease in GIA volume in two
cases (by 25.0 and 27.3 %). The other two cases showed an
increase in GIA volume. One of those cases was a cavernous
ICA aneurysm, which was treated by proximal occlusion plus
bypass. We observed a 5.5 % increase in GIA volume
11 months after surgery (from 5.4 to 5.7 cm3). The other case
was a giant MCA aneurysm, which was treated by the place-
ment of an STA-MCA bypass. Neither proximal nor distal
aneurysm occlusion was carried out since we found a

Table 1 Patient and aneurysm characteristics

Characteristics

Number of GIAs 19

Number of patients 16

Patient age, years, mean (SD) 52 (13)

Modified Rankin score (n)

mRS 0 7

mRS 1 10

mRS 2 2

GIA location

MCA 8

ICA 10

AcomA 1

Brain hemisphere

Left/right 14 / 5

Surgical treatment

Bypass with proximal occlusion 8

Bypass with distal occlusion 5

Bypass with trapping 2

Only bypass 2

Only proximal occlusion 2

SD standard deviation, GIA giant intracranial aneurysm, AcomA anterior
communicating artery, ICA internal carotid artery, MCA middle cerebral
artery
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significant deterioration of intraoperative neurophysiological
monitoring during the test occlusion of proximal and distal
MCA segments. After 14 months of follow-up, we observed
a 70.1 % increase in GIA volume (from 9.7 to 16.5 cm3).

Complications

Surgical complications were observed in two of 19 cases
(10.5 %). In a 58-year-old male patient, a parapharyngeal
hemorrhage occurred within 2 h after the placement of a radial
graft high-flow bypass from the extracranial ICA to an M2
segment with proximal occlusion of a giantM1/M2 aneurysm.
The reason for the hematoma was a leakage from the proximal
bypass anastomosis. The hematoma was immediately evacu-
ated and a revision of the proximal bypass anastomosis was
conducted. The patient recovered without neurological deficit.
In a 65-year-old patient with a giant AcomA aneurysm, which
was trapped and bypassed, a postoperative new minor paresis

of knee extension and foot extension occurred. On the post-
operative MRI, a new partial ischemia in the region supplied
by an A3-branch was detected. The patient was able to walk
independently at discharge but the pareses remained largely
the same at a 1-year follow-up.

Discussion

The main result of our analysis is that GIAvolumes decreased
over time after surgical treatment even though no direct GIA
clipping was conducted. These findings are of special interest
since there is an ongoing discussion on whether GIA that are
not directly clipped have the ability to shrink over time [13].
Since in none of the cases included in our analysis any
thrombectomy or partial aneurysm resections were conducted,
our findings suggest that such shrinkage is possible after
changing the pattern of blood flow within or around a GIA

Fig. 1 Magnetic resonance
images of a GIA of the rightMCA
(a) before and (b) 13 months after
surgical placement of a radial
artery graft high-flow bypass and
proximal GIA occlusion. As the
GIA has shrunk after treatment,
there is an increase in ipsilateral
LVV. Also, MLS is reduced after
treatment and even slightly
skewed towards the ipsilateral
hemisphere

Fig. 2 Box plots of GIA
volumes, ipsilateral and
contralateral LVVand MLS
before and after surgical treatment
other than direct clipping. GIA
giant intracranial aneurysm,
ipsilat. LVV ipsilateral lateral
ventricle volume, contralat. LVV
contralateral lateral ventricle
volume,MLS mid-line shift
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by surgical means. This is important since GIA frequently
display partial thrombosis or calcifications or even incorporate
crucial vessels, which causes direct clipping strategies to be
associated with greater risks than indirect surgical strategies,
which do not directly attack the GIA.

GIA shrinkage is important since it decreases the stress on
neighboring brain structures and increases their chances of
reexpansion, which may lead to an improvement of the pa-
tient’s neurological symptoms. We therefore also examined
such changes in mass effect on the brain. We found a signif-
icant increase in ipsilateral and contralateral LVV after treat-
ment, as well as a significant reduction in MLS. However,
only changes in ipsilateral LVV correlated with the reduction
in GIA volume, while changes in MLS did not. This suggests
that ipsilateral LVV may be a more sensitive descriptor of
actual changes in mass effect than MLS after surgical treat-
ment of GIA of the anterior circulation that are not eligible for
direct clipping.

Describing changes in IA mass effect after treatment is
usually not necessary since the majority of IA either do not
exert relevant mass effect or their mass effect vanishes after
direct clip occlusion. As the mass effect caused by GIA can
often not be dissolved by simple direct clipping, scientific data
on mass effect dynamics after GIA treatment are needed.

In ICH, stroke, and brain tumors, the quantification of in-
tracranial mass effect is common since it was shown to be

associated with the overall prognosis [3, 8, 10, 12, 15, 22].
One established method is to measure the volume of the lesion
itself over time. However, in GIA, such direct volumetry after
treatment is often difficult due to imaging artifacts caused by
clips or endovascular implants such as stents, flow-diverters,
or coils. As the lateral ventricles are usually not overshadowed
by such artifacts, their quantification may be more reliable
than direct GIA volumetry. Also, only measuring changes in
GIAvolume may serve as an indirect assessment of the effects
on the brain. If LVVmeasurements are added, they allow for a
direct assessment of how the brain mass reacts to changes in
mass effect. If direct GIA volumetry is difficult, alternative
modes of mass effect measurement ought to be considered.
MLS is one such alternative, as changes in MLS were shown
to correlate with morbidity and mortality in stroke, ICH, and
brain tumors [5, 11, 22]. In the patients of our analysis, MLS
was reliably measurable with excellent inter-observer agree-
ment both on pre- and post-treatment MRI. However, the
amount of changes in MLS did not correlate with the amount
of decrease in GIAvolume. A reason for this may be that GIA
shrinkage usually takes place in proximity to the lateral border
of the lateral ventricles and not at their medial border close to
the mid-line. Therefore, such changes in GIA volume may
first be picked up by the lateral border of the ventricle, causing
asymmetric LVV expansion. The septum pellucidum at the
mid-line may be affected significantly later in this process

Table 2 GIA volume reduction in relation to ipsilateral LVVand MLS

Quartiles of GIA volume reduction Spearman correlation with changes
in GIA volume

1st 2nd 3rd 4th
(n=5) (n=5) (n=5) (n=4)

GIA volume reduction (IQR) 88.4 % 68.2 % 58.1 % 9.0 % –
(85.7–94.8) (64.4–77.5) (35.8–62.3) (−55.3–26.7)

Ipsilateral LVV increase (IQR) 74.9 % 66.3 % 35.8 % 10.8 % rs=0.60; p=0.01
(28.8–117.9) (45.2–121.0) (18.5–49.0) (−8.6–35.7)

Change in MLS (IQR) −2.8 mm −1.6 mm +0.7 mm −0.8 mm rs=0.41; p=0.08
(−4.1–0.0) (−3.3–0.0) (−1.1–1.1) (−1.8–0.3)

Cases were grouped into quartiles according to the amount of GIA volume reduction

IQR interquartile range, LVV lateral ventricle volume, MLS mid-line shift, rs correlation coefficient

Table 3 GIA volume reduction
in relation to the type of surgical
treatment

Surgical treatment Quartiles of GIA volume reduction

1st 2nd 3rd 4th

Bypass with proximal occlusion (n=8; 100 %) 4 (50 %) – 3 (38 %) 1 (12 %)

Bypass with distal occlusion (n=5; 100 %) – 3 (60 %) – 2 (40 %)

Bypass with trapping (n=2; 100 %) – – 2 (100 %) –

Only bypass (n=2; 100 %) – 1 (50 %) – 1 (50 %)

Only proximal occlusion (n=2; 100 %) 1 (50 %) 1 (50 %) – –

GIA giant intracranial aneurysm
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and only if GIA shrinkage is substantial. Another interesting
observation in our patient cohort was that post-treatment MLS
even passed the mid-line and was skewed towards the shrink-
ing GIA (Fig. 2). To explain this phenomenon, one may argue
that during the time of GIA growth the mass effect may have
damaged parts of the ipsilateral brain hemisphere. Once the
GIA itself shrinks after treatment, this damaged brain matter
may not expand in its entirety and may be drawn into the
newly created space, resulting in a mid-line skewed towards
the GIA.

Since MLS did not correlate with GIA volume in our anal-
ysis, volumetry of the lateral ventricles seems to be an attractive
alternative. Nag et al. found the compression of the lateral ven-
tricles to be an independent prognostic factor for poor outcome
in ICH [10]. This was true even in cases in which no MLS was
observed. Such a possible superiority of volumetric over linear
measurements to monitor treatment success was also shown in
the field of hydrocephalus therapy [19]. In patients with clinical
improvement after ventricular shunt surgery, volumetry was
shown to consistently detect decreases in ventricular size, while
linear measurements failed to do so [2]. Our results are in line
with this, since only volumetry of the lateral ventricles but not
MLS correlated with changes in GIA volume.

The strength of this analysis is that it is the first to system-
atically examine volumetric changes after GIA therapy to de-
scribe mass effect dynamics and to compare them to changes in
MLS. However, certain limitations need to be mentioned. Ow-
ing to the rareness of the disease and to the fact that cases with
thrombectomy and partial GIA resection were not included, the
overall number of cases (n=19) was rather limited and therefore
all statements on statistical significance ought to be interpreted
with caution. Also, three patients presented with bilateral GIA,
which may have affected the degree by which LVV and MLS
changed after treatment. Another limitation of our analysis may
be that LVVexpansion alone may not be sufficient to describe
the entirety of changes inmass effect after GIA treatment. Since
the lateral ventricles compete with other brain compartments
for the newly developing space created by GIA shrinkage, fu-
ture studies should also quantify changes in volume of the
ipsilateral brain hemisphere. Furthermore, this analysis is not
powered to assess whether certain surgical strategies may have
led to a larger decrease in GIAvolume than others. Finally, this
analysis did not examine whether the changes in mass effect
over time may have a clinical effect, since clinical follow-up
data will be evaluated in a separate project by the GIA
Registry’s study group once the currently still ongoing inclu-
sion phase will be completed in the future.

We conclude that in our patient cohort surgical therapy of
anterior circulation GIA that were not eligible for direct clip-
ping lead to a decrease in GIA volume and mass effect on the
brain over time. The decrease in mass effect was more sensi-
tively monitored by the measurement of changes in ipsilateral
LVV than changes in MLS.
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Comment

The giant intracranial aneurysm is a complex neurosurgical pathology
with extraordinarily high associated morbidity and multiple factors that
must be kept in mind during treatment, including both risk of rupture, as
well as mass effect, as the authors thoroughly investigate. Through volu-
metric and linear measurements, the authors utilize the Giant Intracranial
Aneurysm Registry to assess the amount of brain compression caused by
these aneurysms after treatment by indirect surgical management with or
without bypass. Through this retrospective study, with inclusion criteria
of at least a 9-month follow-up MRI (although cited in the abstract to be
1 year), the authors correlate decreasing anterior circulation giant aneu-
rysm volume with increasing ipsilateral ventricular volume, thus serving
as a measure for the amount of mass effect an aneurysm is imparting onto
the surrounding brain and potentially a proxy for aneurysmal involution,
which may be obscured on imaging due to metallic artifact post-
treatment.

While the authors pose an interesting question, the clinical application
of this data is not thoroughly explored, although it is noted that the out-
comes will be discussed in another publication. Given that the average
modified Rankin scale prior to treatment of the studied patient population
is less than 1, the mass effect of the aneurysms is clinically negligible pre-
procedurally, so monitoring only the radiographic finding has minimal
clinical application. In addition to minimal clinical information being
reported, no angiographic imaging is reported, and given that decreasing
mass effect of giant aneurysms is not necessarily associated with cessa-
tion of blood flow into the lesion, it is unclear how the results of this paper
lends to conclusions applicable to patient care (Darsaut 2011).

The authors choose to correlate aneurysm volume to midline shift and
both ipsilateral and contralateral lateral ventricular volume, citing that

these measurements have been correlated to intracranial hemorrhage out-
comes in the past. However, it should be kept inmind the difference in the
slow-growing pathologies of a giant intracranial aneurysm, especially in
the setting of wall calcifications, and that of an acute intracranial hemor-
rhage. There is an inverse correlation between ipsilateral ventricular vol-
ume and aneurysm volume, but additionally, a paradoxical midline shift
towards the treated aneurysm should be more thoroughly investigated,
because while a 1-mm pre-treatment midline shift is most often clinically
insignificant, typically a 9-mm midline shift, which was found in post-
treatment analysis, would need to be intervened on in most neurosurgical
settings. Additionally, the patients with bilateral aneurysms should be
excluded from analysis because of the significant confounding nature of
bilateral compressive pathologies on midline shift and contralateral ven-
tricular volume.

Given the small sample size of patients and the heterogeneity of both
aneurysm location and treatment approach in this study, computational
flow dynamic studies would be valuable in understanding how these
complex aneurysms responded to indirect treatment, and could direct
future surgical management of these lesions (Lawton 2011). However,
to that end, the likely future of treatment of these highly morbid lesions,
often necessitating surgical intervention shown to be fraught with poten-
tial for clinical and neurologic complications, will likely be exclusively
endovascular, since the advent of the flow-diverting stent. Although the
specific locations of these aneurysms are not discussed in this study, it is
likely that many, if not all, of the internal carotid artery lesions could have
been treated via flow-diverting stent constructs, with not only exceptional
aneurysmal occlusion outcomes but also with even more decrease in
aneurysmal volume than seen in this trial (Szikora 2013).

As endovascular therapies, including flow-diverter stents, continue to
evolve, they will likely become the preferred treatment for not only giant
internal carotid artery aneurysms but also for more distal anterior circu-
lation, as well as posterior circulation, aneurysms, where the obstacles
related to flow demand to perforators will likely be overcome with further
innovation. As with indirect bypass, flow diverters aim for endoluminal
remodeling, rather than abrupt aneurysmal occlusion, so involved blood
vessels may either maintain patency or develop collateral perfusion, as
seen in the ophthalmic artery aneurysm flow-diversion experience
(Zanaty 2015).

The authors are to be commended on their thorough objective study of
giant intracranial aneurysm mass effect. With inclusion of clinical data
and angiographic outcomes, and understanding of the implications resul-
tant from paradoxical midline shift towards the treated aneurysm, this
paper will be a fine addition to the literature. As giant aneurysms treated
with flow diverters are added to the Giant Intracranial Aneurysm Regis-
try, this paper will serve as a resource on how to compare radiographic
outcomes of this pathology with a changing treatment paradigm in the
future.

Daniel M. Heiferman, Dustin M. Hayward, Christopher M. Loftus
Illinois, USA
References
Darsaut TE, Darsaut NM, Chang SD, Silverberg GD, Shuer LM, Tian

L, Dodd RL, Do HM, Marks MP, Steinberg GK (2011) Predictors of
clinical and angiographic outcome after surgical or endovascular therapy
of very large and giant intracranial aneurysms. Neurosurgery 68:903–915

Sughrue ME, Saloner D, Rayz VL, Lawton MT (2011) Giant intra-
cranial aneurysms: evolution of management in a contemporary surgical
series. Neurosurgery 69:1261–1270

Szikora I, Marosfoi M, Salomváry B, Berentei Z, Gubucz I (2013)
Resolution of mass effect and compression symptoms following
endoluminal flow diversion for the treatment of intracranial aneurysms.
AJNR Am J Neuroradiol 34:935–939.

Zanaty M, Chalouhi N, Barros G, Schwartz EW, Saigh MP, Starke
RM, Whiting A, Tjoumakaris SI, Hasan D, Rosenwasser RH, Jabbour P
(2015) Flow-diversion for ophthalmic segment aneurysms. Neurosurgery
76:286–290.

Acta Neurochir (2015) 157:1117–1123 1123


	Changes in volume of giant intracranial aneurysms treated by surgical strategies other than direct clipping
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Patients
	Neuroimaging and volumetric analysis
	Surgical strategies
	Statistical analysis

	Results
	Changes in GIA volume, LVV and MLS after treatment
	Changes in LVV and MLS in relation to the decrease in GIA volume
	Complications


	Discussion
	References


