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ABSTRACT

Background: In coil embolization, a high volume embolization ratio prevents recanalization that may require
retreatment. However, patients with a high volume embolization ratio may also require retreatment. Patients
with inadequate framing with the first coil may experience recanalization of the aneurysm. We analyzed the
relationship between embolization ratio of the first coil and recanalization requiring retreatment.

Methods: We reviewed data from 181 patients with unruptured cerebral aneurysms who underwent initial coil
embolization between 2011 and 2021. We retrospectively analyzed the correlation between neck width, maximum
aneurysm size, width, aneurysm volume, volume embolization ratio of the framing coil (first volume embolization ratio
[1 VER]), and final volume embolization ratio (final VER) of cerebral aneurysms in patients and their retreatment.

Results: Recanalization requiring retreatment was observed in 13 patients (7.2%). The factors related to
recanalization were neck width, maximum aneurysm size, width, aneurysm volume, and 1* VER, but not the final
VER. Multivariate analysis of the five factors showed a significant difference in the 1 VER (P = 0.002). The cutoff
value for recanalization was a 1** VER of 5.8%. There were 162 cases with a VER > 20% or higher, and the same
analysis yielded similar results.

Conclusion: The 1* VER was significantly correlated with recanalization of cerebral aneurysms requiring
retreatment. In coil embolization of unruptured cerebral aneurysms, it is important to achieve an embolization
rate of at least 5.8% using a framing coil to prevent recanalization.

Keywords: Aneurysm, Coil embolization, First coil, Framing, Volume embolization ratio

INTRODUCTION

Cerebral endovascular treatment has made remarkable progress for the treatment of patients
with intracranial aneurysms. Depending on the size, shape, and location of the aneurysm, a wide
range of treatment options is now available. These options include simple coiling and adjunctive
techniques using stent-assisted techniques, which have become effective alternatives to surgical
clipping."! However, the disadvantage of endovascular treatment is the higher risk of aneurysm
recanalization compared to surgery.™

Several studies have shown that recanalization is related to the volume of the aneurysm and the
embolization ratio of the coil.®” It has also been found that the first volume embolization ratio
(1* VER) needs to be increased to obtain a high final VER."! However, we have experienced
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recanalization requiring retreatment even in patients with a high
final VER. There are no reports that have studied whether the
final or 1** VER is more strongly correlated with recanalization
requiring retreatment. In this study, we retrospectively analyzed
the effect of the 1** and final VERs on recanalization.

MATERIALS AND METHODS
Database

In this study, we reviewed 181 patients with 230 unruptured
cerebral aneurysms who underwent initial coil embolization
at a single institution between 2011 and 2021. We excluded
27 patients with occlusion of the mother vessel, 15 patients
who underwent flow-diverter implantation, six patients with
thrombosed aneurysms, and one patient who was lost during
follow-up. We retrospectively analyzed the correlation between
neck width, maximum aneurysm size, width, aneurysm
volume, 1% VER, and final VER of the cerebral aneurysm
and recanalization requiring retreatment. Aneurysm volume
was measured using a partially automated three-dimensional
workstation (Allura 3D-RA workstation, Philips Medical
Systems) from the rotational angiography data. The volume of
the coils was defined as m (P/2)* times the coil length, where
p is the diameter of the primary coil. Final and 1 VERs were
calculated according to the following equations:

1 VER = (the first coil volume)/(the aneurysm volume) x 100

Final VER = (total volume of all inserted coils)/(aneurysm
volume) x 100

Endovascular treatment and follow-up

Patients with unruptured aneurysms were treated with two
antiplatelet agents (aspirin 100 mg/day and clopidogrel
75 mg/day) starting 2 weeks before surgery. Coil embolization
was performed under general anesthesia. Heparin was
administered ~ systemically intraoperatively. ~Postoperative
patients who were treated with stent-assisted techniques
continued to take the same two antiplatelet agents (aspirin
100 mg/day and clopidogrel 75 mg/day), whereas those who
were not treated with stent-assisted techniques took only one
agent (aspirin 100 mg/day or clopidogrel 75 mg/day). The
diameter of the first coil was determined as the mean size of the
maximum diameter and height of the aneurysm or equal to its
height, and the longest possible coil in this selection was inserted
as the first coil. The coils initially inserted into the aneurysm
were the target coil (Stryker, Kalamazoo, Michigan, USA),
Cashmere coil (Johnson and Johnson, Miami, Florida, USA),
GDC 18 coil (Stryker), Presidio (Johnson and Johnson), and
others. We obtained post-embolization follow-up gadolinium-
enhanced time-of-flight images at 3, 6, and 12 months and
yearly thereafter to detect any residual lesions. When these
images indicated an increase in residual lesions, we performed
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cerebral angiography. The patient was re-treated if the Raymond
scale score was III or higher on cerebral angiography.

Data analysis

All statistical analyses were performed using the International
Business Machines Corporation and Statistical Package for
the Social Sciences (SPSS) Statistics (version 25.0, SPSS Inc.,
Chicago, IL, USA). Chi-squared test was used for categorical
variables, and non-parametric Mann-Whitney test was
used for quantitative variables to determine the associations
between patient characteristics and recanalization of cerebral
aneurysms. Multivariate logistic regression analysis was used
to determine the most significant factors for recanalization.
Receiver operating characteristic (ROC) curve analysis of this
factor was used to determine the cutoff value for recurrence.
Differences were considered statistically significant at P < 0.05.

RESULTS

This study included 59 men and 122 women who underwent
coil embolization for unruptured cerebral aneurysms [Table 1].

The mean age of the patients was 62.5 £ 11.7 years. The
lesion sites were internal carotid artery (ICA) (C3-5) in
15 patients (8.3%), ICA (C1-2) in 87 patients (48.1%),
anterior cerebral artery in 30 patients (16.6%), middle
cerebral artery in 11 patients (6.1%), vertebral artery in
11 patients (6.1%), basal artery in 26 patients (14.4%), and
posterior cerebral artery in one patient (0.6%). The mean
neck width of the aneurysms was 4.80 + 2.15 mm, the mean
maximum aneurysm size was 8.36 + 3.30 mm, the mean
width was 7.30 + 3.44 mm, and the mean aneurysm volume
was 282.24 + 409.00 mm’. Twenty-nine patients were treated
using stent-assisted techniques (16.0%). The mean 1** VER
was 8.8 £ 3.3% and the mean final VER was 24.9 + 4.9%. The
mean follow-up period was 36.7 = 30.3 months.

Recanalization was observed in 13 patients (7.18%), and
retreatment was performed an average of 17.8 + 14.2 months
after initial treatment in all cases. The factors found to be
associated with retreatment were neck width (no retreatment:
4,68 + 2.11 mm vs. retreatment: 6.40 + 2.09 mm, P = 0.002),
maximum aneurysm size (8.04 + 3.40 mm vs. 12.43 £ 3.27 mm,
P < 0.001), width (7.00 + 3.28 mmvs. 11.21 + 3.06 mm, P <
0.001), aneurysm volume (239.13 + 362.09 mm®* 839.38
+ 567.75 mm?, P < 0.001), and 1 VER (9.1 + 3.2% vs. 4.7 +
2.2%, P < 0.001). There was no significant difference in final
VER (25.1 + 4.9% vs. 22.6 + 5.6%, P = 0.095). Multivariate
analysis of the five factors showed a significant difference
in It VER (Odds ratio [OR] 0.453, 95% confidence interval
[CI], 0.273-0.750; P = 0.002) [Table 1]. The ROC curve of the
1* VER is shown in Figure 1 and the area under the curve was
0.902 (P < 0.001). When the cutoff value was set at 5.8%, the
sensitivity and specificity were 85.7% and 92.3%, respectively.
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Retreatment  Univariate Multivariate analysis
(n=13) analysis
P-value OR 95%CI P-value
64.5+9.9 0.538
10 (76.9%) 0.448
0 (0.0%) 1.000
7 (53.8%) -
1(7.7%) 1.000
1(7.7%) 1.000
0 (0.0%) -
4 (30.8%) 1.000
0 (0.0%) -
6.40+2.09 0.002 0.876  0.640-1.197 0.405
12.43+3.27 <0.001 0.930 0.579-1.494 0.765
11.21+3.06 <0.001 1.056  0.649-1.720 0.826
839.38+£567.75 <0.001 1.000  0.998-1.003 0.781
3(23.1%) 0.473
4.7+2.2 <0.001 0.453  0.273-0.750 0.002
22.6%5.6 0.095

Table 1: Clinical characteristics of the aneurysms.
Total (n=181) No retreatment
(n=168)
Age 62.5+11.7 62.3+11.8
Female 122 (67.4%) 112 (66.7%)
Aneurysm location
ICA (C3-5) 15 (8.3%) 15 (8.9%)
ICA (C1-2) 87 (48.1%) 80 (47.6%)
ACA 30 (16.6%) 29 (17.3%)
MCA 11 (6.1%) 10 (6.0%)
VA 11 (6.1%) 11 (6.5%)
BA 26 (14.4%) 22 (13.1%)
PCA 1 (0.6%) 1 (0.6%)
Neck width (mm) 4.80+2.15 4.68+2.11
Maximum aneurysm size (mm) 8.36+3.30 8.04+3.40
Width (mm) 7.30+3.44 7.00+3.28
Aneurysm volume (mm?) 282.24+409.00  239.13+362.09
Stent assist 29 (16.0%) 26 (15.5%)
1* VER (%) 8.8+3.3 9.1+£3.2
Final VER (%) 24.9+4.9 25.1+4.9
Basal artery, PCA: Posterior cerebral artery, VER: Volume embolization ratio

OR: Odds ratio, CI: Confidence interval, ICA: Internal carotid artery, ACA: Anterior cerebral artery, MCA: Middle cerebral artery, VA: Vertebral artery, BA:

.7_,[

| Cut-off 5.8 %
Sensitivity 85.7 %  Specificity 92.3 %

0.8

0.6

Sensitivity

AUC: 0.902 p<0.001
0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1: Receiver operating characteristics of the
1% volume embolization ratio (1t VER). Area under
the curve (AUC) of 1% VER was 0.902 (P < 0.001),
and the cut-off value for recanalization was 5.8%
(sensitivity 85.7%, specificity 92.3%).

Scatter plots were constructed for the 1 VER and the other
recurrence factors. As aneurysm size increased, the 1** VER
tended to decrease [Figure 2].

When the same analysis was performed in patients with a
final VER of 20% or higher, significant differences were found
in neck width (4.57 + 2.00 mm vs. 6.32 = 2.27 mm, P = 0.011),
maximum aneurysm size (7.99 + 3.38 mm vs. 12.12 + 3.90 mm,
P =0.002), width (6.98 £ 3.30 mm vs. 11.03 £ 3.66 mm, P =

0.002), aneurysm volume (237.54 + 366.97 mm® vs. 821.33
+ 667.21 mm? P = 0.001), and 1* VER (9.3 £ 3.1% vs. 5.1 £
2.4%, P < 0.001) as recanalization factors [Table 2]. The results
of the multivariate analysis also showed significant differences
only in the 1 VER (OR 0.487, 95% CI 0.274-0.837, P = 0.010).

DISCUSSION

In unruptured cerebral aneurysms, this is the study to
show that the 1% VER has a stronger correlation with
retreatment after coil embolization than the final VER.
The treatment options for cerebral aneurysms include
open cranial microsurgery and endovascular treatment.
The advantages of endovascular treatment are that it is less
invasive than craniotomy, requires less hospitalization, and
allows patients to recover faster. However, coil embolization
has the disadvantage that the aneurysm may recanalization,
increasing the risk of aneurysm growth and bleeding.”*

In this study, retreatment was performed in 13 of the 181
treated patients with cerebral aneurysms. Statistically,
retreatment was associated with 1* VER in addition to
factors related to aneurysm shape. Neki et al. analyzed
unruptured and ruptured cerebral aneurysms and reported
a significant correlation between maximum aneurysm
size, ruptured aneurysm, 1** VER, and final VER as factors
for recanalization.”” In this study, the statistically most
important factor was the 1 VER. It has been reported
that a final VER of 20% or higher is required to prevent
recanalization.>***! The goal of the coil embolization
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1% VER (%)

1 VER (%)

o Retreatment
» No retreatment

1% VER (%)

Neck width (mm)

Maximum aneurysm size (mm)

000

1< VER (%)

w0

ET)

Width (mm)

Aneurysm volume (mm?)

Figure 2: Scatter plot of the 1% VER and each recanalization factor (a: Neck width, b: Width,
¢: Maximum aneurysm size, d: Aneurysm volume). The 1% VER tends to become smaller as these
factors increase. 1 VER: 1 Volume embolization ratio.

Table 2: Univariate and multivariate analyses of the factors associated with retreatment in cases with final VER of 20% or higher.

Total No retreatment  Retreatment  Univariate Multivariate analysis
(n=162) (n=153) (n=9) analysis
P value OR 95% CI P-value

Age 62.0£11.7 61.8+11.70 64.5£9.9 0.406
Female 107 (66.0%) 100 (65.4%) 7 (77.8%) 0.446
Aneurysm location

ICA (C3-5) 12 (7.4%) 15 (9.8%) 0 (0.0%) -

ICA (C1-2) 80 (49.4%) 74 (48.4%) 6 (66.7%) 1.000

ACA 29 (17.9%) 29 (19.0%) 0 (0.0%) -

MCA 11 (6.8%) 10 (6.5%) 1(11.1%) 1.000

VA 9 (5.6%) 9 (5.9%) 0 (0.0%) -

BA 20 (12.3%) 18 (11.8%) 2(22.2%) 1.000

PCA 1 (0.6%) 1(0.7%) 0 (0.0%) -
Neck width (mm) 4.67£2.05 4.57+2.00 6.32+2.27 0.011 0.919 0.632-1.337 0.659
Maximum aneurysm size (mm) 8.22+3.53 7.99+3.38 12.12+3.90 0.002 0.889 0.496-1.596 0.694
Width (mm) 7.20+3.43 6.98+3.30 11.03£3.66 0.002 1.071 0.606-1.891 0.814
Aneurysm volume (mm?®) 269.97+408.96  237.54+366.97  821.33+667.21 0.001 1.000 0.997-1.004 0.828
Stent assist 27 (16.7%) 25 (16.3%) 2(22.2%) 0.646
1* VER (%) 9.1+£3.2 9.3£3.1 5.1+2.4 <0.001 0.478 0.274-0.837 0.010
Final VER (%) 25.9+4.3 25.9+4.3 25.3+3.8 0.653

OR: Odds raito, CI: Confidence interval, ICA: Internal carotid artery, ACA: Anterior cerebral artery, MCA: Middle cerebral artery, VA: Vertebral artery, BA:

Basal artery, PCA: Posterior cerebral artery, VER: Volume embolization ratio

procedure performed in this study was to achieve a final
VER of 20% or higher. When only patients with a final VER
>20% or higher were analyzed in this study, the number of
retreatment cases was 5.6% (9/162), and the same analysis
showed that the 1* VER was the most important factor.
Therefore, even in patients with a high final VER, the
1t VER is an important factor in recanalization. The reason
why the 1% VER was associated with recurrence more than
the final VER is that the solid cage of 1* coil protects the coil
compaction from strong blood flow from the parent vessel
to the coil mass and reduces recanalization.* Our results
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suggest that the coil for creating a solid cage is more critical
for recurrence prevention than the filling coil.

Neki et al. reported that the 1 VER was 15.0-17.5%, but the
1 VER in our study was 5.8%. In that report, the recanalized
aneurysm tended to be small, and the 1 and final VERs were
thought to be high accordingly. In the present study, the 1* VER
tended to be lower due to the larger size of retreated aneurysms.
Furthermore, we analyzed only unruptured aneurysms while
the study by Neki et al. included ruptured aneurysms, which
may have resulted in smaller recanalized aneurysms."”
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Our study showed that the larger the aneurysm, the lower
the 1 VER tended to be, and most of the unruptured
cerebral aneurysms that required retreatment were large.
Compared to other reports, the 1 VER tended to be
lower for the larger aneurysm in our report because coils
with larger volumes did not exist at that time. The results
suggest that the challenge is to obtain a high 1% VER for
large aneurysms. To achieve this, it is important to select a
coil with a large primary diameter and long coil. Coils with
primary coil diameters of 0.014 inches and 0.017 inches are
twice and 3 times as large as coils with a diameter of 0.010
inches, respectively.

As Ishida et al. reported, we also analyzed the percentage
of framing coil volume (FCP) in total volume.”) The mean
FCP was 37.0 + 13.1% in the no retreatment group and
21.8 £ 10.9% in the retreatment group, showing a significant
difference (P < 0.001). FCP is also a valid predictor of
recanalization in this study. Ishida et al. proposed predictive
scoring system based on aneurysm size and FCP. We need
to predict recanalization based on 1 VER and FCP or other
factors.

This study has several limitations. The first limitation is the
small sample size. Second, VER was an indicator of coil
volume relative to the whole aneurysm volume and did
not represent compartmentation or partial tight packing.
Third, we did not include the rigidity of the inserted coils
in our analysis. Fourth, there are many variations in the
treatment itself due to improvements of devices including
coils and embolization techniques over the past 10 years,
but these were not analyzed in our study. Fifth, we included
only unruptured cases and did not evaluate ruptured cases.
Finally, this study was conducted retrospectively. Therefore,
selection bias is inevitable. Further prospective studies with
larger sample sizes are required.

CONCLUSION

The results of this study showed that in unruptured cerebral
aneurysms 1% VER is an important factor in recanalization
requiring retreatment. We found that a 1** VER of at least
5.8% is required to prevent recanalization.
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