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ABSTRACT

BACKGROUND AND PURPOSE: Precise aneurysm measurements and volume embolization ratios are essential for long-term durability of
endovascular coil embolization. We evaluated the accuracy of newly developed semiautomatic cerebral aneurysm measurement soft-
ware, NeuroVision, and explored the value of volume embolization ratio in the prediction of re-treatment.

MATERIALS AND METHODS: We compared software-derived volume measurements of 4 silicone aneurysm models with those calcu-
lated with an approximation formula and ground truth values (validation study). We used NeuroVision to retrospectively evaluate
outcomes of 100 unruptured aneurysms (97 patients) treated with embolization (clinical study). Aneurysm size (height, width, and neck),
volume, and volume embolization ratios were calculated for 3 groups (stable, recanalization, and re-treatment) and were compared.

RESULTS: This validation study illustrated higher accuracy of NeuroVision in computing aneurysm volume compared with an approxima-
tion formula: percentage absolute errors were 4.50% � 3.18% and 23.07% � 17.60%, with maximal percentage absolute errors of 8.99% and
45.63%, respectively. Of 100 unruptured aneurysms, 20 recanalized and 12 were re-treated. Average volume embolization ratios of stable
and re-treated aneurysms were 24.88% � 5.91% and 20.50% � 4.06%, respectively (P � .01). The optimal volume embolization ratio cutoff
point for re-treatment was � 19.15%, at which the Youden index was 0.50 (sensitivity, 58.33%; specificity, 87.50%; area under the receiver
operating characteristic curve, 0.74).

CONCLUSIONS: The NeuroVision software provided accurate aneurysm volume measurements and may be a useful standardized tool to
measure aneurysm size and volume, especially for multicenter clinical studies. Volume embolization ratio may be a valuable predictor of
aneurysm occlusion changes.

ABBREVIATIONS: AF � approximation formula; GDC � Guglielmi detachable coils; NV � NeuroVision; ROC � receiver operating characteristic; VER � volume
embolization ratio

Endovascular coil embolization of cerebral aneurysms is now

considered a valuable method to safely and effectively prevent

aneurysm rupture.1-4 However, immediate postembolization an-

giographic evidence of complete aneurysm occlusion does not

guarantee a good long-term outcome.5 Volume embolization ra-

tio (VER), the percentage of aneurysm sac volume occupied by

coils, is considered a valuable predictor of aneurysm recanaliza-

tion,6-11 in addition to large size, wide neck, ruptured status, and

suboptimal immediate angiographic result.

However, the accuracy of the methods used to measure aneu-

rysm volume, and thus assess these predictors of recanalization,

has not been well evaluated. A standardized aneurysm measure-

ment methodology is necessary to enable multiple institutions to

conduct collaborative investigations and compare their results.

A new analytic measurement software was developed for the

measurement of cerebral aneurysms (NeuroVision [NV]; Cyber-

net Systems, Tokyo, Japan). We evaluated the accuracy of this

software by using phantom aneurysm models. In addition, we

used the software to retrospectively analyze the long-term out-

come of a series of embolized aneurysms and investigate the value

of VER, as semiautomatically computed by NV, in the prediction

of aneurysm recurrence and re-treatment.

MATERIALS AND METHODS
Software Description and In Vitro Validation

NV Software. The NV software measurement process was initi-

ated by a few discrete steps (Fig 1). Through a simple user inter-

face, the image region containing the aneurysm was separated
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manually, and an image threshold was subsequently applied to

extract the aneurysm and blood vessels from the surrounding

background image. The threshold was semiautomatically set by

use of the discriminant analysis method, which guaranteed that

the selected threshold optimally separated the image intensities

belonging to blood vessels from those that belonged to the back-

ground.12 The optimal threshold was that which corresponded to

the maximal value of the Fisher linear discriminant, defined as the

ratio of variance between the image intensities of the 2 classes

(vessel and background) to the within-class variance.13 Use of

discriminant analysis to determine the image segmentation

threshold avoided the problems associated with varying measure-

ments because of the arbitrary choice of window center and with

the varying image quality of different imaging systems.

Aneurysm Size Measurements. Neck

length, height, and width were measured

by NV. Aneurysm neck length was defined

as the largest diameter at the orifice plane

of the aneurysm. Aneurysm height was de-

fined as the longest distance from the mid-

point of the aneurysm neck length line to

the aneurysm wall. Aneurysm width was

defined as the largest aneurysm diameter

perpendicular to the height line.

Aneurysm Volume Measurement. NV

virtually reconstructed the parent artery

after semiautomatic aneurysm removal.

The aneurysm neck plane was manually

adjusted for complex aneurysm neck

shapes through the manipulation of 3

points on the plane. The aneurysm vol-

ume was calculated semiautomatically

based on the aneurysm neck plane.

Validation Study. We prepared 4 sili-

cone aneurysm models with known sizes

and volumes. The aneurysm models had

different shapes: round, with a bleb;

conjoined aneurysms (heart-shaped);

aneurysm with a daughter sac; and

round without bleb (Fig 2).

We compared the ground truth an-

eurysm volumes with the NV volume

measurements and the estimated vol-

umes based on a commonly used ap-

proximation formula (AF): [aneurysm

volume � (4�/3) � (d1/2) � (d2/2) �

(d3/2)], where d1, d2, and d3 are 3 or-

thogonal measurements denoting aneu-

rysm height, width, and breadth.14 We

calculated the errors of each approach.

Calculation of VER with Use of NV. Coil

volume was easily calculated based on the

Guglielmi detachable coil (GDC) diame-

ter and length data provided by the man-

ufacturer (Boston Scientific, Natick, Mas-

sachusetts), which were preloaded into the

NV software. VER was semiautomatically

calculated based on the aneurysm volume and the volume of coils

used during embolization.

Initial Testing of NV Software in a Clinical Cohort

Patient Population. To assess the value of the measurement pa-

rameters provided by the software, we used NV to retrospectively

measure aneurysm volume and VER on 3D DSA images from a

cohort selected from our institutional data base of patients with

cerebral aneurysms who were treated with coil embolization. A

total of 295 patients with 308 cerebral saccular aneurysms under-

went endovascular embolization with detachable platinum coils

at our institution between January 2006 and August 2008. They

included 115 patients with 121 unruptured cerebral aneurysms

FIG 1. A, A white marker in the aneurysm and 2 markers (blue and green) in the parent artery are
needed to start the measurements in NV. The markers are easily placed manually by the user. B,
Height, width, neck length, and aneurysm volume are measured semiautomatically with NV. C, To
measure VER, we select the type of GDC coils from the drop-down menu. D, Aneurysm VER is
displayed on a green-colored meter on the right.

FIG 2. Silicone models.
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treated only with GDC; only patients treated with GDC3,11 were

included in this study because only volume information for this

coil was available from the manufacturer. Eighteen of the 115

patients were excluded for either refusing to undergo follow-up

angiography or only undergoing MRA follow-up (follow-up rate,

84.35%). Thus, our study cohort included 97 patients with 100

aneurysms treated with GDC who underwent follow-up angiog-

raphy approximately 1 year after the procedure. There were 72

women and 25 men. The mean age of the patients at the time of

treatment was 58.85 � 11.57 years (age range, 31– 83 years). Sev-

enty-eight (78.0%) aneurysms were located in the anterior circu-

lation and 12 (12.0%) in the posterior circulation (Table 1).

Embolization of Aneurysms. Before embolization, patients un-

derwent 3D DSA by use of a biplane flat detector C-arm angio-

graphic system (Axiom Artis dBA; Siemens, Erlangen, Germany).

3D DSA images were reconstructed on a clinical workstation

(syngo XWP VB15B; Siemens) at 256 � 256 image matrix size.

The embolization procedure was performed with the patient

under general anesthesia. Systemic heparinization was adminis-

tered as an initial 3000-U bolus, followed by 1000 U/hour under

whole-blood activated clotting time monitoring throughout the

procedure. In all patients, systemic heparinization was continued

for 24 hours after embolization.

Aneurysms were embolized with GDC coils by packing as

densely as possible. The percentage of occlusion at the end of the

procedure was evaluated by embolized volume. VER was calcu-

lated by use of the following formula: VER � (volume of the

embolization coils)/(volume of the aneurysm) � 100.

Using the classification schema reported by Raymond et al15 and

Roy et al,16 we categorized the rate of occlusion immediately after

initial treatment as measured on angiographic images as: complete

occlusion, when the sac and neck were densely packed in any projec-

tion; subtotal occlusion (residual neck), when the sac was occluded

but there was suspicion of a neck remnant or there was an obvious

tiny neck remnant; and partial occlusion (residual aneurysm), when

there was loose packing and/or persistent opacification of the sac or

neck remnant.

Angiographic Follow-Up Studies. Patients were scheduled for fol-

low-up angiography at 1 year after treatment. For the evaluation

of follow-up angiographies, the Raymond et al15,16 definition of

aneurysm recanalization was modified. An aneurysm was classi-

fied as stable at follow-up if the degree of occlusion was un-

changed or had improved (such as further thrombosis) compared

with the end-of-treatment study. Recanalization was defined as an

increase in the amount of contrast material filling the aneurysm

compared with the angiographic appearance at the end of the

treatment, and such an aneurysm was classified as unstable be-

cause of coil compaction and aneurysm growth.

Using these definitions, we further classified the follow-up re-

sults into 3 groups: stable group, including unchanged occlusion

or further thrombosis; recanalization group, including any recan-

alization; and re-treatment group, including recanalization with

re-treatment. Aneurysms that had contrast filling at the neck of

� 15% of the aneurysm height were selected for re-treatment.

Aneurysm and VER Measurement Protocols. Radiology technol-

ogists used NV to obtain aneurysm size (millimeters), aneurysm

volume (millimeters cubed), and VER (percentage) measure-

ments for all 100 aneurysms. Two neurosurgeons who partici-

pated in the coil embolization of these aneurysms reviewed the

NV measurements for accuracy.

We then compared the VERs of each group: stable group, re-

canalization group, and re-treatment group. We further divided

the aneurysms into 2 groups according to volume and compared

the VERs: The large-volume group included aneurysms with a

volume of � 200 mm3, and the small-volume group included

aneurysms with a volume of � 200 mm3.

We assessed the impact of aneurysm volume and VER on the

probability of recurrence and re-treatment for all groups.

Statistical Analysis. All values were expressed as mean � stan-

dard deviation. The statistical significance of differences in mean

value between 2 populations was assessed by use of the Student t

test if variances were equal, as determined by F value; otherwise,

the Welch t test was used. If population distribution was not a

“normal” distribution, we analyzed it by using the nonparametric

Mann-Whitney U test.

A receiver operating characteristic (ROC) curve was used to

analyze the effect of varying VER, as a discriminating variable, on

embolization outcome (eg, re-treatment vs no re-treatment). The

ROC area under the curve (and its 95% CI) was calculated to

determine the discriminating level of VER.

The Youden index17,18 (J) was defined as the difference be-

tween the true-positive rate and the false-positive rate in the out-

come variable. Maximizing this index allowed us to find, from the

ROC curve, an optimal cutoff point, independently from the

prevalence. J was defined as the maximal vertical distance between

the ROC curve and the diagonal or chance line, and it was calcu-

lated as J � maximum (sensitivity � specificity �1). With use of

this measure, the cutoff point on the ROC curve was selected so

that it corresponded to the maximal J.

RESULTS
Validation Study: Silicone Aneurysm Models (AF, NV)
When we compared the accuracy of an AF with that of NV at

measuring volume in the 4 silicone aneurysm models, the per-

Table 1: Location of 100 unruptured aneurysms treated with GDC
Location Number

ACA
AcomA 19
Others 3

ICA
Top 6
Anterior choroidal 5
PcomA 23
Paraclinoid 11
Ophthalmic 6
Cavernous 3

MCA 12
Vertebrobasilar system

Tip 5
SCA 5
Trunk 1
PICA 1

Total 100

Note:—ACA indicates anterior cerebral artery; AcomA, anterior communicating ar-
tery; PcomA, posterior communicating artery; SCA, superior cerebellar artery.

AJNR Am J Neuroradiol 35:721–26 Apr 2014 www.ajnr.org 723



centage absolute error for an AF was 23.07% � 17.60% and for

NV 4.50% � 3.18%, with a maximal percentage absolute error of

45.63% and 8.99%, respectively (Table 2; Table 3).

Clinical Study (NV)
Using NV, we calculated size and volume measurements for all

aneurysms within 1 minute after data input. Mean aneurysm size

measurements were height, 6.93 � 3.35 mm; width, 6.07 � 2.90

mm; and neck length, 5.48 � 2.27 mm. Mean aneurysm volume

was 280.7 � 530.6 mm3, and mean VER was 24.13% � 5.75%.

The VERs by aneurysm location were ICA (n � 54), 24.63% �

5.92%; MCA (n � 12), 22.22% � 7.25%; anterior cerebral artery

(n � 22), 23.80% � 5.27%; and vertebrobasilar system (n � 12),

24.35% � 4.16%. There was no statistically significant difference

in VER among aneurysms at different locations.

Relationship between Immediate Angiographic Occlusion
and VER
Immediate anatomic outcome on 3D angiography was complete

occlusion in 17 aneurysms (17%), residual neck in 78 aneurysms

(78%), and residual aneurysm in 5 aneurysms (5%). VER in com-

pletely occluded aneurysms (large-volume group, n � 1; small-

volume group, n � 16.) was 26.04% � 3.63%. VER in aneurysms

with residual neck (large-volume group, n � 25; small-volume

group, n � 53) was 24.08% � 5.97%. VER in residual aneurysms

(large-volume group, n � 5) was 18.36% � 4.60%.

Relationship between Use of Simple or Adjunctive
Technique and VER
Coiling by use of an adjunctive technique was performed in 54

aneurysms (balloon-assisted technique in 46 aneurysms, double-

catheter technique in 5 aneurysms, and both combined in 3 an-

eurysms). VER in cases by use of an adjunctive technique was

24.79% � 6.60%, and VER in cases by use of a simple technique

was 23.34% � 4.49%. There was no statistically significant differ-

ence in VER between cases by use of an adjunctive or a simple

technique (P � .41, Mann-Whitney test).

Relationship between Aneurysm Volume and VER and Its
Impact on Outcome
There were 31 aneurysms in the large-volume group, with a VER

of 22.76% � 4.38%. There were 69 aneurysms in the small-vol-

ume group, with a VER of 22.76% � 4.38%. There was no statis-

tically significant difference in VER between the large- and small-

volume groups (P � .12, Mann-Whitney U test).

In the large-volume group, 19 aneurysms were stable and had

a VER of 23.84% � 4.28%, and 12 aneurysms with recanalization

had a VER of 21.05% � 4.13%. There was no statistically signifi-

cant difference in VER between stable and recanalized aneurysms

in the large-volume group (P � .11 at t test).

Conversely, in the small-volume group, 61 aneurysms were stable

and had a VER of 25.20% � 6.33%, and 8 aneurysms with recanali-

zation had a VER of 21.18% � 3.64%. There was a statistically sig-

nificant difference in VER between stable and recanalized lesions in

the small-volume group (P � .01, Mann-Whitney U test).

Relationship between Anatomic Follow-Up Results and
VER
Evaluation of anatomic outcomes at 1-year follow-up angiogra-

phy showed the following: The stable group included 80 aneu-

rysms, 55 unchanged and 25 with further thrombosis (n � 25);

VER in the stable group was 24.88% � 5.91%. The recanalization

group (recanalization seen on follow-up angiography before re-

treatment decision) included 20 aneurysms with an overall VER

of 21.10% � 3.85%. Eight aneurysms in the recanalization group

were only observed, as they had minor recurrences that were con-

sidered at low risk for rupture (and with a residual space too small

to re-treat), and had a VER of 22.00% � 3.57%. The re-treatment

group included 12 aneurysms with a VER of 20.50% � 4.06%

(Table 4).

Table 2: Comparison of aneurysm volume using AF and NV to
ground truth volumes for silicone aneurysm models

Model
(mm3)

Type of
Model

Real
Volume Volume 1 Volume 2

1 With bleb 120.00 150.72 118.00
2 Heart 161.70 87.92 168.60
3 Two-ball 89.00 104.67 97.00
4 Ball 117.10 113.04 120.70

Note:—Volume 1 using approximation formula (AF). Volume 2 using NeuroVision (NV)
software.

Table 3: Percentage absolute error for AF and NV
Percentage Absolute Error AF (%) NV (%)

Average 23.07 4.50
Maximum 45.63 8.99
SD 17.60 3.18

Note:—SD indicates standard deviation.

Table 4: Classification of follow-up angiography in each
aneurysm group

Aneurysm Group Average � SD
Stable (n � 80)

Height (mm) 6.06 2.14
Width (mm) 5.53 2.14
Neck (mm) 5.04 1.87
Volume (mm3) 157.60 169.90
VER (%) 24.88 5.91

VER, large-volume (n � 19) 23.84 4.28
VER, small-volume (n � 61) 25.20 6.33
VER, adjunctive technique (n � 41) 26.20 6.67
VER, simple technique (n � 39) 23.50 4.70

Recanalization (n � 20)
Height (mm) 10.40 4.88
Width (mm) 8.22 4.32
Neck (mm) 7.23 2.88
Volume (mm3) 773.10 1014.00
VER (%) 21.10 3.85

VER, large-volume (n � 12) 21.05 4.13
VER, small-volume (n � 8) 21.18 3.64
VER, adjunctive technique (n � 12) 20.36 4.03
VER, simple technique (n � 8) 22.47 3.31

Re-treatment (n � 12)
Height (mm) 11.61 5.43
Width (mm) 9.84 5.10
Neck (mm) 8.23 2.83
Volume (mm3) 1081.00 1209.00
VER (%) 20.50 4.06

VER, large-volume (n � 9) 20.67 4.46
VER, small-volume (n � 3) 20.00 3.20
VER, adjunctive technique (n � 9) 19.93 4.10
VER, simple technique (n � 3) 22.20 4.18
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Comparison of VER between Groups
There was a statistically significant difference in VER between the

stable group and the recanalization group under the Mann-Whit-

ney U test (P � .01) and between the stable group and the re-

treatment group under the Mann-Whitney U test (P � .01)

(Fig 3).

We evaluated the cutoff points in VER between the stable

group and the recanalization group by using ROC curve analysis.

The optimal VER cutoff point for recanalization was � 25.40%, at

which the Youden index was 0.50 (sensitivity, 95.0%; specificity,

42.5%; area under the ROC curve, 0.70; 95% CI, 0.58 – 0.81).

We also evaluated the cutoff points in VER between the stable

group and the re-treatment group by using ROC curve analysis.

The optimal VER cutoff point for re-treatment was � 19.15%, at

which the Youden index is 0.50 (sensitivity, 58.33%; specificity,

87.50%; area under the ROC curve, 0.74; 95% CI, 0.59 – 0.88).

DISCUSSION
To date, there is no universally agreed-on approach to measure

cerebral aneurysm dimensions. Differences in the measured val-

ues, when comparing modalities as well as the operating person-

nel, are found even among major studies.4,19-22 To address the

need to standardize aneurysm measurements, Cybernet Systems

developed an aneurysm measurement software, NV, for unbiased

analysis. To our knowledge, there are no reports of similar soft-

ware in the literature.

Recent work by Kuriyama et al23 has confirmed the accuracy

of the NV software at measuring aneurysm size (neck length,

height, and width), based on studies using a phantom model as

well as 74 clinical cases using the size of the first framing coil

chosen for embolization. Their study, however, did not evaluate

the accuracy of NV volume measurements. Our limited in vitro

validation by use of 4 silicone models showed that, compared with

use of an AF, NV accurately measured aneurysm volume semiau-

tomatically: Maximal percentage absolute error in aneurysm vol-

ume measurements by use of an AF was 45.63%, which was higher

than that achievable by NV (8.99%).

The study by Kuriyama et al23 also did not evaluate the use of

NV to calculate VER. VER has a strong relationship with aneu-

rysm stability and is a useful predictor of aneurysm recanalization

and re-treatment. An AF measurement may be very different

from the actual aneurysm value, especially in the case of irregular

aneurysm shapes, such as multilobulated aneurysms. In our

study, the average AF volume was smaller than the ground truth

value. Such volume measurement errors may result in a higher

computed VER than the actual VER value, thereby giving the

treating physician a false impression of achieving a safe treatment.

An in vitro study of VER by use of silicone sidewall aneurysms,

which was published in 2000, found that adequate embolization

with platinum coils required maximal and minimal VER of 30%–

36% and 26%–33%, respectively.24 Reports on the clinical appli-

cation of VER and its impact on recanalization have indicated that

values of �25% are necessary to achieve stability in aneurysms

treated by endovascular embolization.6,7,9-11 We evaluated the

VER cutoff point of aneurysm stability after endovascular embo-

lization by using the ROC curve and the Youden index,17,18 and

found a cutoff point of 25.40% in unstable aneurysms that is

similar to values reported in the literature.

Recanalization alone does not imply the need for re-treat-

ment. However, the cutoff point for re-treatment has not been

previously reported in the literature. Our results showed an opti-

mal VER cutoff point for re-treatment of � 19.15%, which sug-

gests that it is possible to re-treat cerebral aneurysms after coiling

at a VER of � 20%.

VER data have not yet been obtained for large or broad-neck

aneurysms.6,9 Considering the specifics of the management of

large and small aneurysms, we evaluated the difference between

those � 7 mm in size and those smaller, in view of reported20

rupture risks. For this purpose, we chose a borderline aneurysm

volume of 200 mm3 to separate large from small lesions. There

was a statistically significant difference in VER between stable

small-volume aneurysms (25.20%) and recanalized small-vol-

ume aneurysms (21.18%). Three small-volume aneurysms from

the re-treatment group recanalized, all having low VER.

We also found no statistically significant difference in VER

when using an adjunctive or a simple technique, with 24.79% �

6.60% (54 aneurysms) and 23.34% � 4.49% (46 aneurysms), re-

spectively (P � .41). The VER for recanalized aneurysms (recan-

alization group, n � 20) in the same 2 groups were 20.36% �

4.03% (13 aneurysms) and 22.47% � 3.31% (7 aneurysms), re-

spectively. In some cases, the use of an adjunctive technique did

not influence VER; in the stable group, the 41 aneurysms that

were embolized by use of an adjunctive technique had a VER of

26.20% � 6.67%, and the 39 aneurysms that were embolized with

the simple technique had a VER of 23.50% � 4.70% (P � .08,

Mann-Whitney U test).

Although VER is considered a valuable predictor of aneurysm

recanalization, this has yet to be verified in a controlled, prospec-

tive, multicenter study. The NV volume measurement software

may be useful in such a study.

FIG 3. VER in each group (*statistically significant difference, P � .05).
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Possibility of Use of Bioactive Coils and Hydrogel-Coated
Coils
The development of bioactive coils promises further improve-

ment in the long-term outcome of patients with aneurysms.25

With these coils, aneurysm occlusion stability may be achievable

even at VER of � 25%, and even large aneurysms may become can-

didates for successful embolization. Watanabe et al26 have reported

the hydrogel-coated coil as being a safe and feasible device for im-

proving the packing efficacy in endovascular coil embolization.

Study Limitations
The major limitation of our study was that it summarized data

from a single center with a small number of patients treated and

limited validation data from silicone phantom models. We need a

multicenter, prospective cohort study with a large number of pa-

tients in which to conduct an evaluation of other detachable coils.

A multicenter collaborative investigation of the NV software for

the evaluation of recanalization of cerebral aneurysms after coil-

ing is ongoing in Japan. As a next stage, we are considering the

possibility of launching an international cooperative study.

CONCLUSIONS
The NV software provided accurate aneurysm volume measure-

ments, which suggests that NV may be useful as a standardized

tool to measure aneurysm size and volume, especially for con-

ducting multicenter clinical studies. In addition to angiographic

assessment, measurement of VER may be useful to predict future

angiographic changes of aneurysm occlusion.
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