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Major recanalization occurs more often in young patients
after unruptured aneurysm coil embolization
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Abstract
Background The recanalization rate after coil embolization of
unruptured aneurysms was compared between young and old
age groups.
Methods From May 2003 to December 2010, 636 patients
with 715 saccular unruptured intracranial aneurysms (UIA)
underwent endovascular coiling and were followed for at least
6 months. For comparative analysis, patients were categorized
into two groups according to age 40: 42 patients with 46
aneurysms who were 40 years or younger (young age group)
and 594 patients with 669 aneurysms who were older than
40 years (old age group). Angiographic and clinical outcomes
including recanalization rates were compared.
Results Angiographically, class 1 or 2 occlusion according to
the Raymond–Roy Occlusion Classification system was
achieved in 89.2 % of the patients (91.3 % in the young age
group and 89.1 % in the old age group, p=0.74). Procedure-
related complication rate was 2.2 % and 3.4 % in the young
and the old age group (p= 0.16), respectively. The mean
follow-up duration was 30.51±18.59 months. Major recana-
lization occurred in seven aneurysms (15.2 %) in the young
age group and in 44 aneurysms (6.6 %) in the old age group
(p = 0.03). Retreatment was performed in seven patients

(15.2 %) in the young age group and in 35 patients (5.2 %)
in the old age group (p=0.01).
Conclusions The present study showed that the technical fea-
sibility and safety of endovascular coiling for UIA did not
differ between the two age groups. However, the major recan-
alization rate was higher in the young age group.
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Introduction

A large number of unruptured intracranial aneurysms (UIA)
are being increasingly diagnosed in all age groups thanks to
the advances of less-invasive imaging techniques. When treat-
ment is indicated, endovascular coiling has often been ap-
plied. In our practice, many young patients have opted for
coiling as treatment for their unruptured aneurysm. It is well
known that endovascular treatment has become an alternative
to surgical clipping with lower morbidity and mortality rates
[1–8]. However, it carries the risks of recanalization and
retreatment, although surgical clipping may also suffer from
the same problems. We assumed that retreatment rates in
young and older patients would be similar if aneurysm and
coiling factors were similar including the aneurysm size, lo-
cation, and occlusion rates. A longer life expectancy could be
an issue but most recanalizations occur in the early period after
coiling. Therefore, if the recanalization rate for 2 or 3 years
after coiling is similar regardless of the patient’s age, coiling in
young patients could also be an acceptable option. To the best
of our knowledge, information on this issue is scarce. This
study was conducted to assess the difference in the incidence
of recanalization following coiling of UIA between young
patients (40 years or younger) and older patients.

Presentation at a conference: This study has not been presented in part or
whole at any meeting.

* O-Ki Kwon
meurokwonoki@gmail.com

1 Department of Neurosurgery, Seoul National University Boramae
Medical Center, Seoul, South Korea

2 Department of Neurosurgery, Seoul National University Bundang
Hospital, 300 Gumi-dong, Bundang-gu,
463-707 Seongnam, Gyeonggido, South Korea

Acta Neurochir (2016) 158:551–556
DOI 10.1007/s00701-015-2668-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-015-2668-1&domain=pdf


Methods

This re t rospect ive s tudy was approved by the
Institutional Review Board. Clinical data such as medical
records, angiographic data and other imaging studies
were reviewed. From May 2003 to November 2010,
701 patients with 790 saccular unruptured intracranial
aneurysms (UIA) were treated with coiling at the same
center. Among them, 636 patients (167 men and 469
women) with 715 UIA (90.5 %) who were followed for
at least 6 months after coiling by magnetic resonance
angiography (MRA) or conventional angiography were
included and analyzed in this study.

The age of the patients ranged from 10 to 85 years
(mean age, 57.45 years). For comparative analysis, the
patients were arbitrarily categorized into two groups: the
young age group was 40 years or younger (mean age
34.26 ± 7.02 years), and the old age group was over
40 years (mean age 59.10 ± 9.19 years). The young age
group included 42 patients with 46 aneurysms. The old
age group included 594 patients with 669 aneurysms.
The following aneurysmal characteristics were reviewed:
aneurysm location, types (side wall or bifurcation), di-
ameter (small, ≤ 5 mm; medium, 5–15 mm; large,
≥15 mm), neck size and aspect ratio and multiplicity
(single or multiple). In addition, procedure-related fac-
tors, including embolization methods (single catheter,
multiple catheters, balloon-remodeling, stent-assisted,
combined techniques) and packing attenuation were
measured and analyzed. Patient and aneurysmal charac-
teristics are summarized in Table 1.

Endovascular embolization procedure

According to our protocol, endovascular coiling was the first-
line treatment for UIA. When an aneurysm appeared to be
unsuitable for coiling, surgical treatment was recommended.
All aneurysm coiling was performed under general anesthesia
using a biplane angiographic unit (IntegrisAllura; Philips
Medical Systems, The Netherlands). Conventional coiling
techniques were used and technical details have been previ-
ously reported [9, 10]. All aneurysm embolizations were per-
formed using the following detachable platinum coils: includ-
ing GDC (Boston Scientific, Fremont, CA, USA), MicroPlex
(Micro-Vention, Aliso Viejo, CA, USA), Trufill-DCS (Cordis,
Bridgewater, NJ, USA), and Axium (ev3, Irvine, CA, USA)
coils. Modified coils, such as Matrix (Boston Scientific) and
Hydrocoil (Micro-Vention), were not used. Final
postembolization angiography was performed at the working
projection to detect any residual contrast filling, thrombus
formation, or parent artery compromise. Frontal and lateral
projections were also acquired at the end of each procedure.
Systemic heparinization was given after placing a femoral
artery introducer sheath. In line with our protocol, 3,000 IU
of heparin was administered as an intravenous bolus injection,
and this was followed by an additional 1,000 IU per hour. In
all patients, heparin was discontinued after embolization.
Various techniques of coil embolization were used according
to the morphologic characteristics of the aneurysm: single
catheter technique (29.0 %), multiple catheter technique
(24.8 %), balloon-assisted technique (19.6 %), stent-assisted
technique (23.1 %), and multiple catheter technique in com-
bination with a stent-assisted technique (3.6 %).

Table 1 Summary of patient and
aneurysm characteristics Young age group Old age group p value

(age ≤ 40 years) (age > 40 years)

Female 22 (52.4 %) 447 (75.3 %) 0.003

Aneurysm location 0.37

ICA 33 (71.7 %) 422(63.1 %)

MCA 2 (4.3 %) 85 (12.7 %)

ACA 6 (13.0 %) 97 (14.5 %)

Posterior circulation 5 (10.9 %) 65 (9.7 %)

Multiple aneurysm 18 (35.3 %) 271 (38.1 %) 0.76

Bifurcation type 23 (50.0 %) 480 (71.7 %) 0.004

Size 0.20

Small (≤5 mm) 30 (65.2 %) 365 (54.6 %)

Medium (5–15 mm) 14 (30.4 %) 283 (42.3 %)

Large and giant (≥15 mm) 2 (4.3 %) 21 (3.1 %)

Neck size (mean mm)* 3.77± 1.47 4.13 ± 2.06 0.29

Aspect (dome/neck) ratio* 1.11 ± 0.53 1.25 ± 0.54 0.18

ICA internal carotid artery; MCA middle cerebral artery; ACA anterior cerebral artery

*Data are the mean± standard deviation
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The initial angiographic results were categorized using the
Raymond–Roy Occlusion Classification (PROC) system as
complete (class 1), residual neck (class 2), or residual aneu-
rysm (class 3) [11].

Imaging follow-up after coil embolization

Imaging follow-up was performed using plain radiography
(the same working projections as those during the coiling
procedure, conventional frontal, and lateral projections),
MRA or digital subtraction angiography (DSA). Our follow-
up protocol is as follows: plain skull radiographs are taken at
the same working projection and conventional frontal and
lateral angles using the same angiographic machine at 3, 9,
15, and 21 months for detecting any changes in coil mass
contour. MRAs are taken at 6, 12, and 18 months, and DSA
is performed at 24 months after embolization. When the oc-
clusion was stable and complete on the initial coiling and
follow-up MRA images, we have recently replaced DSA at
24 months with MRA. MRAwas then performed at intervals
of 1 or 2 years thereafter according to the occlusion status.
When significant coil compaction or major recanalization was
suspected in noninvasive studies, a conventional catheter an-
giography was performed.

Recanalization

Recanalization was defined as new or increased contrast fill-
ing within aneurysms with or without aneurysm growth.
Major recanalization was defined by contrast filling within
the aneurysm dome, significant coil compaction, or aneurys-
mal regrowth. Retreatment was recommended for all patients
with major recanalizations.

Statistical analysis

SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was used
for statistical analyses. Differences between patient groups
were tested using the Chi-square, Fischer’s exact, or
Wilcoxon–Mann– Whitney test, as appropriate. Risk factors
of major recanalization were analyzed by multivariate logistic
regression analysis.

Results

Baseline characteristics were similar in both groups with the
exception of the sex ratio and bifurcation type (Table 1).
Clinical and angiographic outcomes are summarized in
Table 2.

Clinical outcomes

In most patients (96.8 %), coiling was performed without
adverse events. Twenty-two thromboembolisms and one an-
eurysmal rupture occurred. These events resulted in a transient
neurologic deficit in four patients (0.63 %) in the old age
group and one permanent neurologic deficit in (0.16 %) in
the young age group. The overall procedure-related complica-
tion rates were not significantly different between the two
groups (Table 2).

Angiographic outcome

Endovascular treatment resulted in 299 (41.8 %) class 1
(47.8 % in the young age group and 41.4 % in the old age
group), 339 (47.4 %) class 2 (43.5 % in young age group and
47.7% in old age group), and 77 (10.8 %) class 3 (8.7% in the
young age group and 10.9 % in the old age group) occlusions.
There were no significant differences between the two groups
in terms of angiographic occlusion (p=0.74).

Thirty-four aneurysms (one in the young age group and 33
in the old age group) were lost to follow-up angiography. The
number of aneurysms followed for less than 6 months or lost
for follow-up were 75 (four (8 %) in the young age group and
71 (9.6 %) in the old age group) (p=0.16). The mean follow-

Table 2 Summary of clinical and angiographic outcomes

Young age group Old age group p value
(age ≤ 40 years) (age > 40 years)

Method 0.28

Single catheter 10 (21.7 %) 197 (29.4 %)

Multiple catheter 10 (21.7 %) 167 (25.0 %)

Balloon-assisted 8 (17.4 %) 132 (19.7 %)

Stent-assisted 17 (37.0 %) 148 (22.1 %)

Combined* 1 (2.2 %) 25 (3.7 %)

Packing attenuation (%)** 31.66 ± 16.32 28.41 ± 14.33 0.14

Result*** 0.74

Class 1 22 (47.8 %) 277 (41.4 %)

Class 2 20 (43.5 %) 319 (47.7 %)

Class 3 4 (8.7 %) 73 (10.9 %)

Procedure-related adverse events 0.16

Rupture 0 (0.0 %) 1 (0.1 %)

Thromboembolism 1 (2.2 %) 22 (3.3 %)

Morbidity 0.38

Transient 0 (0 %) 4 (0.6 %)

Permanent 1 (2.2 %) 0 (0 %)

*Multiple catheter technique in combination with the stent-assisted
technique

**Data are the mean± standard deviation

***The angiographic results were classified using the Raymond–Roy
Occlusion Classification (RROC) system.
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up period of the 715 aneurysms was 30.51±18.5 months.
There was no difference in the follow-up period between the
groups; 30.76 ± 21.47 months in the young age group and
30.50±18.39 months in the old group (p=0.92). Follow-up
angiography showed any recanalization in 12 aneurysms
(26.1 %) in the young age group and in 96 aneurysms
(14.3 %) in the old age group (p=0.05). Major recanalization
occurred in seven aneurysms (15.2 %) in the young age group
and 44 aneurysms (6.6 %) in the old age group (p=0.03).
Among major recanalization cases, all seven aneurysms in
the young age group and 35 (79.5 %) in the old age group
were retreated with coiling (p=0.17). Therefore, retreatment
rate was 15.2 % in the young age group and 5.2 % in the old
age group (p=0.01), even though the recommendation to re-
treat was presented to all patients with major recanalization,
i.e., 6.6 % in the old age group.

The time to retreatment after initial coil embolization was
9.43 ± 7.07 months in the young age group and 25.63
±19.87 months in the old age group (p=0.04).

Multivariate logistic regression analysis showed that age of
≤40 years (p=0.03; odds ratio [OR] 2.89, 95 % confidence
interval [CI] 1.061–7.846), posterior circulation aneurysm
(p = 0.02, OR 2.80, 95 % CI 1.132–6.909), medium-
(p=0.01, OR 2.32, 95 % CI 1.168–4.601) and large-sized
aneurysms (p< 0.001, OR 21.00, 95 % CI 5.960–74.007)
were significantly associated with major recanalization
(Table 3).

Discussion

Our study shows that the durability of coiled unruptured
aneurysms in young patients is lower than that in the
older ones. Retreatment was performed in 15.2 % of
patients in the young age group, which was almost three
times higher compared to that in the old age group.
Some old age group patients with major recanalization
refused recoiling and the indication for retreatment may
differ between the two age groups, but the major

recanalization rate (6.6 %) was still less than half of that
in young patients (15.2 %). There were no significant
differences between the two groups with regard to most
of the baseline characteristics of patients and aneurysms,
except for the sex ratio and bifurcation type, but these
had no significant influence on the rate of major recan-
alization (p= 0.068 and 0.332, respectively). It is well
known that bifurcation type aneurysms are more prone
to recanalization [12, 13]. Of note, in our series,
bifurcation-type aneurysms were more prevalent in the
old age group. Therefore, it does not seem to have af-
fected our results.

The results of our study are consistent with those of
several other studies wherein young age was a factor for
recurrence [11, 12, 14–27]. Young patients may have
inherent or genetic problems in the cerebral arterial wall.
No genetic studies for screening of connective tissue or
hereditary diseases, which could potentially be associated
with vessel wall weakness, were performed for the young
age group patients in this study, but no young patients
enrolled in this study reported having such diseases or a
history of familial occurrence of cerebral aneurysms dur-
ing medical counseling. Also, no patients showed obvi-
ous clinical or radiologic features of diseases such as
fibromuscular dysplasia, coarctation of aorta, autosomal
dominant polycystic kidney disease, Osler–Weber–Rendu
syndrome, Ehler–Danlos type IV syndrome, or other con-
nective tissue diseases. We assume that recanalization
could be related to the different vascular elastic proper-
ties in young patients. Also, there could be some differ-
ences in the process of organized thrombus formation
following intrasaccular coiling. Overall, the exact cause
of the higher major recanalization rate in young patients
is unclear.

Practically, higher recanalization rates in young patients
should be taken into consideration when choosing treatment
methods. If endovascular coiling is to be performed, angio-
graphic follow-up will be important.

The primary goal of this study was to assess the difference
in the recanalization rate between young and older patients
following endovascular treatment of UIA. The results show
that young patients had recanalization more often.

Nevertheless, this study has several limitations: a retrospec-
tive study design was used. Our choice of the age of 40 years
was not supported by definite biologic evidence. However, we
used this age criteria with reference to other medical reports
and social studies [28–35]. Finally, there were relatively few
patients in the young age group.

Considering the requirement of a longer follow-up period
in the young age group, further studies including those with a
long-term follow-up after retreatment are still necessary to
characterize the efficacy and durability of endovascular treat-
ment of UIA.

Table 3 The significant risk factors of major recanalization identified
by multivariate analysis (logistic regression analysis)

p value Odds ratio 95 % confidence
interval

Age ≤ 40 0.03 2.885 1.061–7.846

Size (mm)

5–15 0.01 2.381 1.168–4.601

≥ 15 <0.001 21.001 5.960–74.007

Location

Posterior circulation 0.02 2.797 1.132–6.909
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Conclusions

Endovascular treatment for UIA in the young age group was
as safe as it was in the old age group. However, the recanali-
zation rate was higher in the young age group. Posterior cir-
culation location and aneurysmal size were also significant
predictors of recanalization.
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