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Abstract
Background Intracranial aneurysms (IA) are usually quanti-
fied according to their largest diameter. However, volumetry
has recently been increasingly conducted as well, especially in
giant intracranial aneurysms (GIAs). Since so far the true
value of GIA volumetry is unknown, we designed a trial to
examine correlations between GIA diameter and volume with
special focus on clinical implications.
Methods Magnetic resonance imaging of 69 unruptured GIAs
in 66 patients was retrospectively evaluated. The largest

diameter and volume were measured. Also, potential associa-
tions to the patients’ clinical conditions were examined.
Results Comparing GIA sizes of our patient cohort produced
different results depending on whether GIA diameter or vol-
ume was measured. Measuring the diameter identified poste-
rior circulation GIAs as the largest ones (39.2 mm, IQR 37.3–
48.3), while measuring the volume found GIAs of theMCA to
be the largest ones (12.3 cm3, IQR 7.2–27.8). A correlation of
GIA diameter and volume was only found in anterior circula-
tion GIAs, which were predominantly saccular in shape, but
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not in those of the posterior circulation, of which most were
fusiform. Neither GIA diameter nor GIAvolume but only GIA
location was associated with neurological deficits.
Conclusion Diameter and volume measurements are not in-
terchangeable modes of GIA quantification. Our data suggest
that the idea of distinguishing different sizes of GIA may be
clinically less relevant than examining their location, shape or
mass effect.

Keywords Giant intracranial aneurysm . Aneurysm volume .

Aneurysm diameter

Introduction

The concept of measuring lesion size by volume instead of
diameter has evolved as 3D imaging techniques and dedicated
software have increasingly become available. While volumetry
has long been part of the clinical routine for pathologies such as
brain tumors or abdominal aortic aneurysms (AAAs), intracra-
nial aneurysms (IAs) are still quantified according to their
largest diameter as small (<7 mm), medium (7–13 mm), large
(14–24 mm) or giant (≥25 mm) [5, 12, 16, 18]. Intracranial
aneurysm diameter is viewed as the main risk factor for
morbidity and mortality, but there is evidence suggest-
ing that IA volume may be an independent risk factor
for poor outcome as well [4, 13, 18]. Since giant
intracranial aneurysms (GIAs)—unlike non-giant IAs—
usually cause considerable intracranial volume shifts due
to their mass effect, some recent trials have begun to
adopt the concept of volumetry specifically to quantify
GIAs [1, 7]. Nevertheless, the true value of GIA
volumetry is still uncertain mainly because so far GIA
volumetry has not been systematically correlated with
clinical findings, nor has it been compared to measuring
GIA diameters.

We therefore designed a trial to compare GIA quantifica-
tion by means of measuring the diameter and volume with
regard to the vessel of GIA origin, the location of mass effect
and clinical findings. We aimed to test two hypotheses: (1)
Comparing GIA sizes leads to different results depending on
whether GIAs are quantified by volume or diameter. (2)
Increasing GIA size is associated with more severe neurolog-
ical deficits independent of whether GIAs are quantified by
volume or diameter.

Methods

Patients

Data collection was approved by the ethics committee of the
GIA registry’s coordinating center at the Charité, Berlin (EA2/

052/08) and by the ethics committees of all participating
centers [3]. Each patient or their next of kin consented to
participation. Inclusion criteria for the specific trial presented
here were the diagnosis of an unruptured GIA (defined as an
aneurysm with a diameter ≥25 mm) and the existence of an
MRI examination before treatment initiation.

Neuroimaging, volumetric analyses and diameter
measurements

As magnetic resonance imaging is superior to digital
subtraction angiography concerning the visualization of
thrombosed parts of GIAs, all cases were examined using
T2-weighted images (T2WIs), which display excellent
contrast between the GIA and other brain structures. All
T2WIs were analyzed at the GIA registry’s coordinating
center at the Charité-Berlin by two experienced blinded
examiners (N.M. and J.D.). GIAs were characterized by
their vessel of origin using the following categories: the
anterior cerebral artery (ACA), cavernous internal carotid
artery (ICA), supraclinoid ICA (which included GIAs of
the transitional area), middle cerebral artery (MCA) and
posterior circulation (including the posterior cerebral ar-
tery, cerebellar arteries, basilar artery and vertebral ar-
tery). Additionally, GIAs were described according to
their location of mass effect using the following catego-
ries: frontal, frontotemporal (for simultaneous mass effect
on frontal and temporal lobes), temporocentral,
temporomesial and brainstem. Mass effect was defined
as any displacement of brain parenchyma from its ana-
tomically normal location due to the GIA. Volumetric
analyses were performed using the software “iPlan Crani-
al” (BrainLab, Heimstetten, Germany), which is used in
clinical routine mainly for preoperative neuronavigation
planning. The examiners manually marked the circumfer-
ence of the object of interest using the mouse cursor
within each slice of the T2WI to create a segmentation.
The software then calculated the object’s volume by mul-
tiplying the marked areas in each slice with the slice
thickness of the T2WI. To measure the largest GIA diam-
eter the three-dimensional reconstruction of the GIA was
used and examined for the two points furthest apart from
each other within the GIA. Thrombosed or calcified parts
of the aneurysm wall were defined as being part of the
GIA.

Clinical findings

All patients were assessed prior to any type of treatment
according to the modified Rankin Score (mRS). Furthermore,
the presence of cranial nerve deficits, hemiparesis or aphasia
was documented.
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Statistical analysis

The Shapiro-Wilk test was used to test variables for normal
distribution. Interobserver variabilities were calculated using
the two-way random effects model intraclass correlation test.
Since the variables for volume and diameter were not distrib-
uted normally, nonparametric tests were used for further anal-
ysis. The Kruskal-Wallis test was applied to compare volumes
or diameters in relation to GIA location within the entire
patient cohort. The Mann-Whitney U test was used to com-
pare volumes or diameters between two specific GIA loca-
tions. Spearman correlation was used to describe the relation
between diameter and volume for the entire patient cohort.
Binary logistic regression analysis was applied to test for
associations between GIA volume or diameter and motor
deficits, cranial nerve deficits and aphasia. Ordinal regression
analysis was used to test for an association between mRS as
the dependent variable and GIA volume or diameter or vessel
of origin as independent variables.

Results

Sixty-nine unruptured GIAs in 66 patients, which had been
included into the GIA registry at 12 participating centers
between January 2009 and November 2013, were included
in this specific trial. The mean axial slice thickness of the
T2WI was 3.4 mm (standard deviation 1.6). Interobserver
agreement was excellent with an intraclass correlation coeffi-
cient of >0.92 and corresponding p values of<0.001 for both
the measurement of GIA diameters and volumes. Patient and
GIA characteristics are summarized in Table 1. Most GIAs
were located at the cavernous ICA and MCA. All posterior
circulation GIAs were located at vertebrobasilar vessel seg-
ments. A mass effect was observed most frequently at the
temporal lobe, followed by the frontal lobe and brainstem.

GIA diameter and volume in relation to the vessel of GIA
origin

When GIAs were described by their vessel of origin, mea-
surements of diameters and volumes produced significantly
different results (Fig. 1a and b). Diameter measurements
found GIAs in the posterior circulation to be the largest
(39.2 mm, IQR 37.3–48.3), while volumetry found GIAs of
the MCA to be the largest (12.3 cm3, IQR 7.2–27.8). Measur-
ing GIA diameters resulted in three pairs of GIA locations
with significant size differences (posterior circulation, MCA
and cavernous ICA) while volumetry only found one such
pair (MCA and cavernous ICA).

GIA diameter and volume in relation to location of GIA
mass effect

Very similar findings were made when GIAs were character-
ized by the location of their mass effect. Figure 1c and d shows
that measuring diameters identified GIAs at the brainstem to
be the largest (39.6 mm, IQR 37.2–48.6) while volumetry
found the largest sizes in frontotemporal GIAs (13.3 cm3,
IQR 7.7–35.0). Measuring diameters resulted in five pairs of
significant size differences involving all locations, while
volumetry resulted in only two such pairs between the frontal
and frontotemporal and frontotemporal and temporomesial
location.

Correlating GIA diameter and volume

Figure 2 depicts the GIA diameters and the corresponding
GIA volumes of our patient cohort. For the entire patient
cohort the Spearman correlation coefficient (rs) between di-
ameter and volume was 0.72 (p<0.001), representing moder-
ate correlation. When we performed separate subanalyses for
each group of GIA vessel origin, we found even more pro-
nounced correlations in GIAs of theMCA (rs=0.96, p<0.001)
and ACA (rs=1.00, p<0.001). GIAs of the cavernous ICA
showed an rs of 0.70 with a p-value<0.001. No correlation
between volume and diameter was found in GIAs of the

Table 1 Patient and aneurysm characteristics for the entire patient
cohort

Characteristics

Patient age, years, mean (SD) 56.4 (14.1)

Patient sex (f/m) 38/31

Number of GIAs 69

GIA volume, cm3, median (IQR) 9.3 (7.3)

GIA diameter, mm, median (IQR) 33.6 (9.9)

GIA location

ACA 6 (9 %)

Cavernous ICA 23 (33 %)

Supraclinoid ICA 7 (10 %)

MCA 18 (26 %)

Posterior circulation 15 (22 %)

Location of mass effect

Frontal 14 (20 %)

Frontotemporal 17 (25 %)

Temporocentral 10 (15 %)

Temporomesial 14 (20 %)

Brainstem 14 (20 %)

IQR interquartile range, SD standard deviation, GIA giant intracranial
aneurysm, ACA anterior cerebral artery, ICA internal carotid artery,MCA
middle cerebral artery
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posterior circulation (rs=0.20, p=0.48) and the supraclinoid
ICA (rs=0.43, p=0.34).

Clinical findings

Clinical data were available in 63 cases. Motor deficits were
present in 20.6 %, cranial nerve deficits in 44.4 % and aphasia
in 3.2 % of cases. For both the entire patient cohort and each
GIA location group neither GIA diameter nor GIA volume

was associated with the occurrence of motor deficits, cranial
nerve deficits or aphasia (Table 2). The distribution of mRS
values in relation to the location, diameter and volume of the
GIA is shown in Table 3. For the entire patient cohort there
was no association between mRS and GIA diameter (p=0.77)
or GIA volume (p=0.38). A separate analysis of each GIA
location also showed no such associations. Significant asso-
ciations were only found between mRS and GIA location, as
exemplified in Fig. 3. GIAs of the posterior circulation and
those with mass effect on the brainstem showed significantly
higher mRS values than GIAs of all other locations with odds
ratios for higher mRS ranging between 8.7 and 24.5 and
corresponding p-values between 0.001 and 0.013.

Discussion

Measuring GIA volume instead of diameter is a recently
introduced concept of GIA quantification [2, 7]. However,
so far GIA volumetry has neither been compared to the tradi-
tional quantification by measuring GIA diameter nor has GIA
volume been correlated to clinical features. This trial was
undertaken to systematically analyze these points.

The results of our trial confirm our first hypothesis that
measuring GIA diameter produces different results than mea-
suring GIA volume when comparing GIA sizes of different
locations. Ranking the GIA of our patient cohort by their
median size led to different orders depending on which mode

Fig. 1 Box plots of GIA
diameters and volumes according
to the vessel of GIA origin (a, b)
and the location of mass effect (c,
d). ACA anterior cerebral artery,
cav. ICA cavernous internal
carotid artery, supraclin. ICA
supraclinoid internal carotid
artery, MCA middle cerebral
artery, post. posterior circulation.
*p<0.05

Fig. 2 Line graph showing the relation between GIA diameter and
volume for all cases of our patient cohort (black regression line) and for
a perfect sphere (gray line)
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of measurement was used (Fig. 1). For measuring diameter,
this ranking order (from largest to smallest GIA and indepen-
dent of statistical significance) was posterior circulation >
MCA > ACA > supraclinoid ICA > cavernous ICA. For
measuring GIA volume, the size ranking order was MCA >
ACA > posterior circulation > cavernous ICA > supraclinoid
ICA. This difference between both modes of GIA quantifica-
tion became even more evident when only statistically signif-
icant size differences were considered: measuring diameter
revealed posterior circulation GIAs to be significantly larger
than those of the cavernous and supraclinoidal ICA. In con-
trast, volumetry did not find any significant size difference
between posterior circulation GIAs and GIAs of any other
locations. The only agreement between both modes of GIA
quantification was that GIAs of the MCA were significantly
larger than those of the cavernous ICA and that GIAs with
simultaneous mass effect on the frontal and temporal lobes
were larger than those with only frontal or only temporomesial
mass effect. Our findings are the first to show in detail that
diameter and volume measurements are not interchangeable
modes of GIA quantification.

When examining whether both modes of measurement are
related to each other, we found a correlation only in GIAs of
the anterior circulation, while no such correlation existed in
GIAs of the posterior circulation. This finding may be ex-
plained by differences in GIA shapes. The majority of anterior
circulation GIAs in our patient cohort was more saccular in
shape (77 %), while posterior circulation GIAs were

predominantly fusiform (62 %). These findings are in line
with the results of a recently published series of GIAs, which
found the prevalence of fusiform GIAs to be three times
higher in the posterior than in the anterior circulation [10].
The morphology of all GIAs in our patient cohort was skewed
toward a more fusiform shape, as depicted in Fig. 2. The only
anterior circulation GIAs that showed no correlation between
measuring diameter and volume were those of the
supraclinoid ICA. This group was characterized by rather
inhomogeneous shapes and aneurysm wall pouches, which
may explain why the volumes and diameters did not correlate.
Therefore, our results suggest that presenting information on
the shape of a GIA is crucial to interpret data on GIA diameter
or volume, which otherwise may have little value for GIA
quantification.

Concerning the second hypothesis our results showed that
increasing GIA size was not associated with more severe
neurological deficits independent of whether GIAswere quan-
tified by volume or diameter. In our patient cohort, neither of
the two modes of GIA quantification was related to clinical
findings at all. To explain this, it seems reasonable to speculate
that once an IA becomes a GIA its sheer size may already have
caused a level of clinical symptoms that may not be signifi-
cantly exacerbated with further GIA growth. Our results sug-
gest that within the group of GIAs the idea of distinguishing
different sizes may be clinically less relevant than in non-giant
IAs [18]. Furthermore, size differences in GIAs may not only
be less relevant for the clinical condition at initial diagnosis
but also for decision-making on whether to treat a GIA or not.
We feel that GIAs, evenmore so than non-giant IAs, should be
reviewed individually based not only on diameter or volume,
but also on various non-size-related characteristics such as
location, angioarchitecture, shape, mass effect and the pa-
tient’s clinical condition.

In our patient cohort, the only characteristic that was asso-
ciated with neurological deficits was the location of the GIA.
Posterior circulation GIAs showed significantly higher mRS
values than those at other locations, which is in agreement
with findings on non-giant intracranial aneurysms [18]. This is

Table 2 Odds ratios describing the association of motor deficit, cranial
nerve deficit and aphasia with GIA diameter and volume

GIA diameter odds
ratio (p-value)

GIA volume odds
ratio (p-value)

Motor deficit 1.05 (0.11) 1.01 (0.91)

Cranial nerve deficit 0.97 (0.23) 0.94 (0.09)

Aphasia 1.07 (0.22) 1.06 (0.18)

Since none of the p-values reached significance, no associations were
found

Table 3 Distribution of mRS values in relation to GIA location, diameter and volume

mRS Number
of GIAs

GIA location Median diameter
(mm, IQR)

Median volume
(cm3, IQR)

Cv. ICA Scl. ICA MCA ACA Post.

0 16 6 0 9 1 0 32.7 (8.5) 9.6 (7.4)

1 30 11 4 7 4 4 33.7 (9.6) 8.5 (7.3)

2 10 4 1 0 1 4 30.2 (9.4) 8.6 (5.6)

3 6 0 0 1 0 5 49.0 (20.1) 16.6 (16.0)

4 1 0 0 0 0 1 40.0 9.3

GIA giant intracranial aneurysm, mRS modified Rankin Scale, Cv. ICA cavernous internal carotid artery, Scl. ICA supraclinoid interbnal carotid artery,
MCA middle cerebral artery, ACA anterior cerebral artery, Post. posterior circulation, IQR interquartile range
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most likely explained not somuch byGIA size or shape but by
the relatively narrow space within the posterior fossa or the
foramen magnum, which does not allow vital structures, most
of all the brainstem, to change their position to be less affected
by the mass effect caused by the GIA.

The concept of volumetry instead of measuring diameters is
more established in other pathologies, such as AAAs or brain
tumors, where it has become a part of clinical routine [12, 14,
15]. However, a prognostic value superior to measuring diameter
was only established for tumor volumetry [8–10, 12, 14]. In
AAAs, volumetry does not correlate with outcome, while in-
creases in AAA diameter were shown to predict AAA rupture
[11]. Another disadvantage of volumetry is that it requires more
time and resources, especially dedicated software, than measur-
ing the diameter [5, 15, 16]. However, some reports are in favor
of AAA volumetry as they found that certain changes in AAA
size and shape over time are detected more sensitively by
volumetry than by measuring AAA diameter [15, 17]. Further-
more, diameter measurements alone may underestimate the true
growth of a lesion. For example, if a spherical tumor with a
diameter of 40 mm grows in all directions by only 25 % in
diameter, its volume increases by about 100 % [12]. A supposed
advantage of volumetry is that it comprises data from the entire
body of the lesion, while measuring diameter describes only a
small part of the lesion [16]. This argument may be relevant for
lesions of irregular shapes such as GIAs, which grow anisotrop-
ically, which means that some areas grow more actively than
others [2, 6]. However, GIAvolumetry remains limited since it is
only one single descriptor that can mean different things depend-
ing on the aneurysm shape or location.

The strength of our trial is that it is the first to systematically
compare GIA diameters and volumes. Nevertheless, certain lim-
itations should be mentioned. First of all, case inclusion in this
imaging project was not consecutive because MRI was not
available in all of the consecutively included patients from the
GIA registry. Also, MRI slice thickness was not standardized,

which resulted in volumetry being of higher resolution in some
cases than in others. Furthermore, the number of included cases
is rather limited, which may limit the generalizablitiy of our
findings. Nevertheless, GIAs are rare entities and therefore a
multicenter approach was necessary to even gather the number
of cases presented here.

We conclude that in our patient cohort GIA diameter and
volume measurements were not interchangeable modes of
GIA quantification. Furthermore we found no association
between different GIA sizes and the patient’s clinical condi-
tion, independent of whether diameter or volume was used to
quantify the GIA. Our data therefore suggest that comparing
different sizes may be more important for non-giant IAs than
for GIAs. These findings are clinically relevant since they
promote the idea that decision-making on GIA treatment
should not be mainly based on the actual size of the GIA
but rather on other individual characteristics such as location,
shape, the region affected by the mass effect and the patient’s
overall clinical condition.
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Comment

This is a concise report on analyses of 2D diametric and volumetric
measurement of intracranial giant aneurysms and their correlation with
patients’ symptoms. Although this study does not alter in any way or
shape the clinical management of those complex aneurysms, it shows the
discrepancy between size and volume in posterior circulation giant aneu-
rysms (most likely due to more fusiform shape) and the fact that location
but not the size or volume is the only indicator of symptomatic aneurysms
in this population.
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