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which were designed to promote healing of aneurysms. The 
strategy of increasing packing rates has also been implemented 
to reduce the recanalization rate, because lower packing was 
found to be strongly associated with recanalization. In addition, 
there is no evidence that attempting more complete aneurysm 
occlusion is associated with greater procedure-related compli-
cation risks5). However, different institutions reported the oc-
clusion rates using different assessment scales, and the occlu-
sion rates were not assessed directly by one or two observers 
but abstracted from procedural reports submitted by various 
practitioners in prospective multicenter studies5,12,16,19,24). It may 
have led to unreliable results due to unstandardized measure-

INTRODUCTION

Coiling is being increasingly used as an alternative to surgical 
clipping for cerebral aneurysms. Despite substantial advances 
in both endovascular instrumentations and techniques, howev-
er, there are still concerns about its efficacy and durability. Re-
canalization and retreatment after coiling are known to occur 
in 10-40%1,6,12,13,15,16) and 5-10% of follow-up cases, respective-
ly2,16,18-20). Coil manufacturers have made efforts to develop new 
coils to decrease the rates of recanalization. These include bio-
active coils using polyglycolic or combined polyglycolic/poly-
lactic acid (PGLA), nylon/Dacron/PGLA fibers, and hydrogel, 
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rysm17). For 2DPO, 3 categories were defined; 100%, 90-99%, 
and <90% as the first, second, and third, respectively. The per-
centage of area packed with coils was calculated with the alge-
braic equation : (1-area of contrast filling/area of aneurysm mea-
sured on working view)×100%. In every case, two experienced 
neurointerventionists, who were not informed of presence or 
absence of recanalization, determined both AGS and 2DPO af-
ter reviewing postprocedural angiograms, and consensus was 
reached by means of discussion in cases of discrepancy. Lastly, 
vPD was calculated by a neurointerventionist and stratified into 
three categories : >30%, 24-30% and <24% as the first, second, 
and third, respectively, using calculation methods previously de-
scribed7,22) : aneurysm volume=4π (height/2×length/2×width/2)/ 
3; coil volume=π (diameter of coil/2)2×length of coil; and 
vPD=(coil volume/aneurysm volume)×100%. Height, length 
and width of aneurysms were measured on 3D images.

Follow-up imaging 
When unruptured aneurysms were successfully embolized, 

MR angiography (MRA) was recommended at 6, 12, and 24 
months postembolization. For ruptured aneurysms, fluoroscop-
ic radiographs were obtained at 1 and 3 months postemboliza-
tion in the procedural working projection, and MRA was exam-
ined at 6, 12, and 24 months. When significant coil compaction 
or major recanalization was strongly suspected in noninvasive 
studies, conventional angiography was performed immediately 
to assess the state of the aneurysm, and to determine the need 
for further treatment. Once stable occlusion was demonstrated 
angiographically, follow-up MRA was recommended after an-
other 6, 12, and 24 months. In patients who underwent repeat 
embolization, MRA was also recommended 6, 12, and 24 
months following repeat procedure. If the aneurysm occlusion 
was stable at 24 months after the initial or repeat treatment, fol-
low-up would either be discontinued or continued until after 
36 months, on a case-by-case basis. 

Recanalization was defined as the presence of a new or in-
creased intraaneurysmal flow on follow-up images. Major re-
canalization was defined as the significant recanalization that 
repeat treatment should be recommended. Patients were classi-
fied into two groups for analysis : presence or absence of major 
recanalization. Two neurointerventionists determined that 6 
weeks after rating the AGS and 2DPO. Disagreements were re-
solved by consensus. 

Statistical analysis 
Baseline characteristics of patients and procedures were com-

pared using the two-sample t-test or Mann-Whitney U test for 
continuous and ordinal data and chi-square test for categorical 
variables. Life-table and Kaplan-Meier analysis with log-rank 
test was used to calculate the cumulative risk (CR) of recanali-
zation for each scale, and compare recanalization-free survival 
distribution for categories of each scale. Observations were cen-
sored when a patient was lost to follow-up. Age, sex, type of pre-

ments. 
The assessment scales include angiographic grading scale 

(AGS) divided into 2, 3, or 4 categories and a percentage scale, 
classified as two-dimensional percent occlusion (2DPO), such 
as 100%, 90-99%, and <90% occlusion, and calculated volumet-
ric packing density (vPD). Of these scales, vPD is the only ob-
jective scale without regard to validity, because AGS and 2DPO 
are usually determined by visual estimation. The association 
between vPD and recanalization of coiled aneurysms has been 
reported previously6,7,21,22). 

Assessment scales have to be objective and standardized if re-
canalization after coiling is to be predicted reliably by the initial 
occlusion rates. However, visually estimated AGS and 2DPO, 
although both are widely used with ease, are apparently subjec-
tive. Calculated 2DPO and vPD also are not free from errors. 
The best scale as a predictor of recanalization is yet to be estab-
lished. The aim of the present study was to determine whether 
representative scales in current use were appropriate to give ac-
curate information on the risk of recanalization and which scale 
was the best statistically and practically. 

MATERIALS AND METHODS

Study population
This retrospective study was approved by the institutional re-

view board at our institution and informed consent was waived.
Between April 2003 and April 2010, 946 patients harboring 

1056 aneurysms underwent initial treatment with detachable 
coils at our institution. Three hundred and twenty six (n=326) 
aneurysms were excluded with the following reasons : unavail-
able 3D data (n=45), follow-up loss (n=48), postsurgical coiling 
(n=15), intentional multi-staged procedure (n=3), dissecting 
aneurysms (n=5), and the use of bioactive coils, such as Hy-
droCoilTM (n=39) and PGLA-coated coil (n=171).

Of the remaining 671 patients harboring 730 aneurysms, 494 
(67.7%) patients were female and 236 (32.3%) were male. Their 
age ranged from 23 to 84 years, with a mean age of 56.46 years. 
Five hundred and forty eight aneurysms (75.1%) were unrup-
tured and 182 (24.9%) were ruptured. Three hundred and eighty 
two aneurysms (52.3%) were lobulated with two or more sacs, 
and 348 (47.7%) were single saccular. Maximal sizes of aneu-
rysms ranged from 2.0 to 29.0 mm, with a mean size of 5.86 
mm. Aneurysm locations were as follows : anterior cerebral ar-
tery in 198 (27.1%), middle cerebral artery in 83 (11.4%), inter-
nal cerebral artery in 366 (50.1%), and posterior circulation in 
83 (11.4%). Endovascular procedures were performed following 
a standardized protocol8). Aneurysms were packed as densely as 
possible with only bare platinum coils. 

Assessment scales 
Three different scales were used to assess the occlusion rates : 

AGS, 2DPO, and vPD. For AGS, 3 categories were defined, in-
cluding complete occlusion, residual neck, and residual aneu-
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in Table 1. 

Primary procedural outcomes 
The occlusion rates by AGS was assessed as the first category in 

295 (40.4%), the second in 178 (24.4%), and the third in 257 
(35.2%). Using 2DPO, the first category was observed in 295 
(40.4%), the second in 172 (23.6%), and the third in 263 (36.0%). 
Using vPD, the first, second, and third categories were observed 
in 357 (48.9%), 194 (26.6%), and 179 (24.5%), respectively. There 
were 65 disagreements of initial occlusion rates between AGS 
and 2DPO. Thirty-six of 65 cases were in the second category of 
AGS and the third category of 2DPO (group D1), while the re-
maining 29 cases in the third category of AGS and the second 
category of 2DPO (group D2). Major recanalization in the group 
D1 and D2 (p=0.04 by Fisher’s exact test) occurred in 2 (5.5%) 
and 7 (24.1%), respectively. 

Recanalization rates
In life-table and Kaplan-Meier analysis, the CR of recanaliza-

tion was 3% at 6 months, 7% at 12 months, 10% at 24 months, 
and 13% at 36 months after coil embolization. The CR of recan-
alization of the first category of AGS was 1%, 2%, 4%, and 4% at 
6 months, 12 months, 24 months and 36 months, respectively; 
the second category of AGS was 6%, 9%, 15% and 15% at 6, 12, 
24 and 36 months; the third category of AGS was 4%, 12%, 
15%, 20% at 6, 12, 24, 36 months. The CR of recanalization of 
the first category of 2DPO was 1%, 3%, 4%, 4% at 6, 12, 24, 36 
months; the second category of 2DPO was 8%, 13%, 15%, 33% 
at 6, 12, 24, 36 months; the third category of 2DPO was 3%, 9%, 

14%, 14% at 6, 12, 24, 36 months. The 
CR of recanalization of the first catego-
ry of vPD was 1%, 4%, 5%, 10% at 6, 12, 
24, 36 months; the second category of 
vPD was 4%, 8%, 14%, 18% at 6, 12, 24, 
36 months; the third category of vPD 
was 6%, 12%, 14%, 14% at 6, 12, 24, 36 
months. The CR of recanalization was 
significantly higher in the less occluded 
categories of every scale (p<0.05). How-
ever, the risks in the second and third 
categories were not significantly differ-
ent for AGS (p=0.93) and 2DPO 
(p=0.08), whereas it was significantly 
higher in the vPD’s second category 
than its third, which was 18% versus 
14% at 36 months (Fig. 1). 

Table 2 and 3 show predictors of recan-
alization analyzed by Cox proportional 
hazards model. Maximal size, neck 
width, and AGS and 2DPO scales were 
associated with recanalization in a mul-
tivariable model including all potential 
predictors identified in univariate analy-

sentation (ruptured or unruptured), shape of aneurysm (lobu-
lated or single saccular), maximal size of aneurysm, neck width, 
follow-up period, aneurysm location, and initial occlusion rates 
of each scale were evaluated individually by univariate Cox pro-
portional hazards model. All variables significantly associated 
with recanalization (p<0.05) were included in a multivariable 
model. Then, we computed Harrell’s concordance index (C-in-
dex) of each scale measuring initial occlusion rates3). The C-in-
dex was a measure of the predictive accuracy of a Cox propor-
tional hazards model for each scale; a value of <0.5 indicates 
that the method cannot predict the recanalization of coiled an-
eurysm, while the maximum value of 1 indicates perfect pre-
diction of aneurysmal recanalization. Statistical analyses were 
performed with the SAS 9.2 software for Windows (SAS insti-
tute, Cary, NC, USA). 

RESULTS

Characteristics of aneurysms
During a mean of 17.6 months follow-up (range 5 to 72 

months), major recanalization occurred in 63 of 730 aneurysms 
(8.6%). Comparing baseline characteristics of the recanalization 
group (RG) versus the non-recanalization group, age and gen-
der were not significantly different. Ruptured presentation 
(39.7% versus 19.8%) and aneurysmal lobulation (73.0% versus 
50.4%) were more common in the RG (p<0.05), and maximal 
size (8.89±3.47 mm versus 5.58±2.61 mm) and neck width 
(5.44±2.35 mm versus 3.52±1.35 mm) were larger in the RG 
(p<0.05). Comparison of baseline characteristics is summarized 

Table 1. Baseline characteristics

Non-recanalization group 
(n=667)

mean±SD or No. (%)

Recanalization group 
(n=63)

mean±SD or No. (%)
p value

Age, years 56.41±11.33 56.94±11.32 0.53
Female 453 (67.9) 41 (65.1) 0.67
Ruptured aneurysms 132 (19.8) 25 (39.7)   0.001
Lobulated aneurysms 336 (50.4) 46 (73.0)   0.001
Maximal size 5.58±2.61 8.89±3.47 <0.001
Neck width 3.52±1.35 5.44±2.35 <0.001
FU period, months 17.40±12.53 19.98±13.62 0.07
Aneurysm location 0.24
    ACA 180 (27.0) 18 (28.6)
    ICA 340 (51.0) 26 (41.3)
        Paraclinoid ICA 218 (32.8)   9 (14.3)
        PCoA   86 (12.9) 16 (25.4)
        AChoA 23 (3.4) 1 (1.6)
        ICA bifurcation 13 (1.9) 0 (0)
    MCA   76 (11.4)   7 (11.1)
    Posterior circulation    71 (10.6) 12 (19.0)

p-value was indicated by two-sample t-test or Mann-Whitney U test for continuous variables and chi-square 
test for categorical variables. Numbers in parentheses are percentages. FU : follow-up, ACA : anterior cerebral 
artery, ICA : internal cerebral artery, MCA : middle cerebral artery, PCoA : posterior communicating artery, 
AChoA : anterior choroidal artery, SD : standard deviation
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sis. Ruptured presentation also had a significant relationship 
with recanalization after adjustment for any type of scales and 
other potential confounders. There was a stepwise increase in 
the risk of recanalization across all categories of AGS [the second 
category, hazard ratio (HR) : 3.95, 95% confidence interval (CI) : 
1.57-9.96, p=0.004; the third category, HR : 4.15, 95% CI : 1.79-
9.61, p=0.001]. 2DPO was also associated with the risk of recan-
alization, but the second category (90-99%) had slightly higher 
risk of recanalization than the third (HR : 4.87 vs. 3.12, 95% CI : 
2.01-11.9 vs. 1.31-7.41, p≤0.001 vs. 0.01). The vPD was not asso-
ciated with recanalization (p>0.05). The validated and opti-
mism-adjusted C-indices were 0.50 (CI : -1.09-2.09), 0.47 (CI : 
-1.10-2.09) and 0.44 (CI : -1.10-2.08) for AGS, 2DPO and vPD, 
respectively. 

DISCUSSION

The goal of aneurysm coiling is the prevention of rupture or 
rebleeding by occluding aneurysmal flow. However, some stud-
ies indicated that coiling in ruptured aneurysms is significantly 
limited by recanalization9,12,16,19), and the rate of rebleeding tends 
to be higher than surgical clipping5). The International Sub-
arachnoid Aneurysm Trial investigators, however, suggested in 
their first report that the risk of rebleeding from treated aneu-
rysms is low with either coiling or clipping, although somewhat 
more frequent with coiling10,11). Their study also reassured that 
the initial observed clinical benefits of coiling compared to clip-
ping were not lost over time with the low rate of rebleeding11). 
Nevertheless, the issue of recanalization should not be over-
looked in patients who underwent coiling for ruptured intra-
cranial aneurysms. It is not surprising that the primary proce-
dural outcome would be a significant predictor of recanalization. 
Several types of scales are being used to assess the occlusion 
rates but the definition and number of categories in each scale 
are variable. Moreover, the scales have never been formally vali-
dated. Consequently, it is hard to directly compare anatomic 
outcomes of relevant studies and conclude on evidence base. 

The present study showed that AGS was the most adequate to 
predict recanalization based on both the Cox proportional haz-
ards model and the C-index. In addition, AGS has the merit of 
being easier to use because of its simple visual assessment. In 
terms of assessment details, only AGS reflects in-depth filling of 
contrast material in coiled aneurysms. In contrast, 2DPO intro-
duces inherent errors in measuring the occlusion rates; being 
calculated as percent to an area of aneurysm at a specific two-
dimensional projection, it can neither represent occlusion rate 
of the overall aneurysm nor reflect occlusion of the aneurysmal 
neck, which contains the inflow zone. In this respect, AGS may 
denote the potential site of recanalization because the presence 
of in-depth filling appears to be closely related to recanalization, 
especially at the inflow zone4,12,23). The fact that the rate of re-
canalization was higher in the group D2 than D1 would sup-
port this assumption. Therefore, the representation of occlusion 

Fig. 1. Kaplan-Meier analyses demonstrate the proportion of patients 
without recanalization during follow-up. Kaplan-Meier plot of angio-
graphic grading scale (A), two-dimensional percent occlusion (B), and 
volumetric packing density (C).
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keep in mind that a non-complete occlusion regardless of the 
category presents some risks of recanalization during follow-up. 

Previously, several reports have showed that higher packing pre-
vents coil compactions or recanalizations after endovascular coil-
ing of cerebral aneurysms6,7,21,22). Their results suggested that the 

chance of recanalization would be very 
low if a packing density were more than 
30%. A packing density of 20% and 
24% has been proposed as a cutoff value 
of compaction in aneurysms with a vol-
ume of <200 mm3 and <600 mm3, re-
spectively21). The present study, though 
the risk of recanalization was associated 
with the vPD categories in univariate re-
gression analysis, showed that the in-
creased risk in less occluded categories 
did not persist after adjustment for po-
tential confounders. The vPD is calcu-
lated on the basis of 3-dimensinal vol-
ume unit, contrary to AGS and 2DPO, 
which is thought to render vPD mea-
surement close to the real value by elim-
inating any errors due to subjective and 
2-dimensional measurement. However, 
it appears that vPD has an inherent lim-
itation in measuring aneurysmal vol-
ume that is based on ellipsoid estima-
tion of an aneurysm. It would not 
provide an accurate aneurysmal volume 
because lobulation or irregularity of an-
eurysm is relatively common. More-
over, erroneous measurement is easy to 
occur when the aneurysm is very small, 
where a little change in a point of cursor 
in the 3D workstation would make a big 
difference in aneurysm volume and 
vPD. These potential inherent errors of 
vPD measurement and calculation may 
have caused the absence of significant 
association after multivariate adjust-
ment between vPD and recanalization. 

rates as a percent seems not to be an adequate concept. With re-
spect to the risk of recanalization, Kaplan-Meier curve showed 
a higher CR for both the second and third categories compared 
to the first one and HRs of the second and third categories were 
found to be similar for AGS and 2DPO. Therefore, we should 

Table 3. Predictors of recanalization after multivariate Cox regression adjustment 

Variable
Angiographic grading scale* Two-dimensional percent occlusion* Volumetric packing density*

HR 95% CI p value HR 95% CI p value HR 95% CI p value
First category 1.00 - 1.00 - 1.00 -
Second category 3.95 1.57-9.96   0.004 4.87 2.01-11.9 <0.001 1.99 0.92-4.30 0.08
Third category 4.15 1.79-9.61   0.001 3.12 1.31-7.41 0.01 1.19 0.51-2.82 0.68
Ruptured aneurysm 2.79 1.50-5.19   0.001 2.11 1.14-3.90 0.02 2.21 1.20-4.08 0.01
Lobulated aneurysm 1.19 0.61-2.34 0.60 1.52 0.78-2.99 0.22 1.32 0.67-2.62 0.43
Maximal size 3.49 1.79-6.83 <0.001 3.40 1.73-6.65 <0.001 4.64 2.23-9.67 <0.001
Neck width 5.39 2.81-10.4 <0.001 5.30 2.76-10.2 <0.001 5.52 2.82-10.8 <0.001

*Multivariate adjustment for categories of this scale and other confounders. HR : hazard ratio, CI : confidence interval

Table 2. Univariate Cox regression analysis predicting recanalization on the basis of demographic, 
anatomic, and assessment scale variables

HR 95% CI p value
Categorical variables
    Male 1.03 0.75-1.40 0.87
    Maximal size
        ≤10 mm 1.00
        More than 10 mm 4.88 2.58-9.22 <0.001
    Neck width
        ≤4 mm 1.00
        More than 4 mm 5.45 2.91-10.19 <0.001
    Location
        Posterior circulation 1.00 - -
        ACA 0.50 0.22-1.14 0.10
        MCA 0.47 0.17-1.29 0.14
        ICA 0.37 0.17-0.81 0.01
    Ruptured aneurysm 2.40 1.33-4.34   0.004
    Lobulated aneurysm 2.20 1.17-4.12 0.01
    Angiographic grading scale
        Complete 1.00 -
        Residual neck 4.47 1.81-11.0   0.001
        Residual aneurysm 4.18 1.78-9.81   0.001
    Two-dimensional percent occlusion
        100% 1.00 -
        90-99% 6.19 2.63-14.6 <0.001
        <90% 3.35 1.41-7.98   0.006
    Volumetric packing density
        >30% 1.00 -     
        24-30% 2.40 1.13-5.10 0.02
        <24% 2.36 1.11-5.04 0.03
Continuous variables  
    Age 1.01 0.99-1.04 0.39

Each categorical variable is compared with the absence of each variable, except for three scales. HR : hazard 
ratio, CI : confidence interval, ACA : anterior cerebral artery, MCA : middle cerebral artery, ICA : internal cerebral 
artery
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23. Tateshima S, Murayama Y, Gobin YP, Duckwiler GR, Guglielmi G, Vi-
ñuela F : Endovascular treatment of basilar tip aneurysms using Gug-

To reduce these errors in measuring aneurysmal volume, a di-
rect measurement function was added to the 3D workstation14). 
However, it is not also free from errors; manual outlining and 
segmentation of the aneurysm from the parent artery could 
vary from person to person; and different window settings for 
appropriate background noise and aneurysm delineation would 
present different aneurysmal volumes for a single aneurysm. 

Aside from the general limitations of the retrospective study, 
there are other limitations in this study. As MRA was used to 
determine recanalization in most cases, the rate of recanaliza-
tion may have been inaccurate. However, a retreatable aneurysm 
with recanalization would have been unlikely to be missed, hav-
ing reviewed both maximum intensity projection images and 
raw data sets of 3D time-of-flight MR angiography. Moreover, it 
is well known that the use of MRA has high sensitivity and spec-
ificity for recanalization25). Some may criticize the three-tiered 
categorization of 2DPO (100%, 90-99%, and <90%) and vPD 
(>30%, 24-30%, and <24%) by artificial cut-off values. Howev-
er, it is commonly used in practice, and additional statistical 
analyses of differently categorized data with varying cut-off val-
ues did not show any different meaningful results.

CONCLUSION

Most variables known to increase a risk of recanalization were 
repeatedly found to be associated with recanalization of coiled 
aneurysms. Of the three representative scales, AGS is likely to 
be the most adequate to predict recanalization and even most 
easy to assess. If an aneurysm was not completely occluded 
with coils, even second category occlusion would not ensure 
durability because the risk of recanalization is similarly high in 
the second and third categories. Lastly, vPD should not be used 
by itself to predict recanalization.
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