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Efficacy of a 14-coil for Framing in  
Coil Embolization of Small  
Cerebral Aneurysms

Tetsuhiro Higashida, Takanori Uchida, Manabu Osakabe, Yuichi Takahashi, and Ryuzaburo Kanazawa

Objective:  The purpose of this study was to demonstrate the efficacy of a 14-coil (Target XL) for framing in coil 
embolization of small cerebral aneurysms.
Methods:  Between January 2017 and December 2018, 46 patients underwent coil embolization of a small cerebral 
aneurysm that was less than 5 mm in maximum diameter. They were categorized into 26 patients in whom only 10-coils 
were used and 20 in whom Target XL was used for framing. The volume embolization rate (VER) and recanalization rate 
were compared between the two groups.
Results:  Although there were two patients in whom Target XL was replaced with a 10-coil for framing, no adverse events 
associated with the use of Target XL were noted. The mean VER of the first framing coil was significantly higher in aneurysms 
that were framed with Target XL than in those framed with a 10-coil (Target XL 22.6 ± 4.5%, 10-coil 17.9 ± 8.4%; p = 0.03). 
Furthermore, the mean VER at the end of the procedure was significantly higher in aneurysms with Target XL used for 
framing than in those embolized using only 10-coils (14-coil: 36.8 ± 7.8%, 10-coil: 32.0 ± 6.5%; p = 0.03). No recanalization 
was observed in aneurysms for which Target XL was used for framing, whereas five aneurysms embolized using only 
10-coils were recanalized.
Conclusion:  Target XL may be safe and feasible as a framing coil in coil embolization of small cerebral aneurysms, 
which may result in a high VER, low recanalization rate, and good outcome.

Keywords▶  14-coil, framing, small cerebral aneurysm, volume embolization rate, recanalization rate

Introduction

To reduce the recanalization rate after coil embolization for 
cerebral aneurysms, the achievement of a high volume 
embolization rate (VER) is important.1,2) Coils with a large 
primary diameter, which are highly stable in the aneurysm 
and have a large volume, are considered to be advanta-
geous for increasing the VER. In recent years, highly flex-
ible 14-coils (0.014 inches in the primary diameter), such as 
Target XL (Stryker, Fremont, CA, USA), have also been 

used for small cerebral aneurysms. In general, 10-coils 
(0.010 inches in the primary diameter) are used in coil 
embolization of small cerebral aneurysms. However, as the 
use of 14-coils for framing based on a careful decision can 
safely improve the embolization efficiency, we have 
actively performed framing using Target XL for small aneu-
rysms (<5 mm in diameter). In this study, framing using a 
10-coil and Target XL were compared regarding the VER 
and recanalization rate in coil embolization of small cere-
bral aneurysms, and the efficacy of framing with Target XL 
was evaluated.

Materials and Methods

On 3D reconstruction images of rotational cerebral angiog-
raphy, the dimensions of aneurysms (height, length, and 
width) were measured, and aneurysms with a maximum 
diameter <5 mm were defined as small aneurysms. Cases 
after 2017 when framing with Target XL was initiated in 
our institution were evaluated. Between January 2017 and 
December 2018, 46 small aneurysms (46 patients) were 
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treated by coil embolization. The 46 patients were classified 
into 26 who underwent framing using a 10-coil (10-coil 
group) and 20 who underwent framing using Target XL 
(Target XL group), and were retrospectively analyzed.

In the 10-coil group, the coils used for framing were 
Target (Stryker), Hydrosoft 10, Hydroframe 10 (Terumo, 
Tokyo, Japan), Penumbra Smart Coil (Penumbra, Alameda, 
CA, USA), and Axium Prime (Medtronic Minneapolis, 
MN, USA). In the Target XL group, Target XL was used 
for only framing as the first coil. The coil type and adjunc-
tive technique were selected based on the aneurysm shape 
and the presence of rupture.

Follow-up cerebral angiography was performed 6–12 
months after surgery. In addition, MRI was performed at 
3–6-month intervals. Cerebral angiography was also per-
formed whenever aneurysmal recanalization is suspected 
by MRA. As a parameter of the embolization state for cere-
bral angiography, the Raymond score (RS) was used (RS1, 
complete obliteration; RS2, residual neck; and RS3, resid-
ual aneurysm).3) Using the RS, aggravation of the aneu-
rysm embolization state compared with that immediately 
after treatment was defined as recanalization.

The aneurysm volume, coil volume, VER, VER using 
the first coil (1st VER), and VER at the completion of coil 
embolization (final VER) were calculated as follows:

Aneurysm volume height length width= × × ×
π
6

Coil volume (primary diameter) length2= × ×
π
4

1st VER (%) volume of the 1st coil
aneurysm volume

= ×100

Final VER (%) all coil volume
aneurysm volume

= ×100

The patient background (age and sex), aneurysm fac-
tors (location, maximum diameter, and presence of rup-
ture), treatment factors (stent use and number of coils), 1st 
VER, final VER, embolization state immediately after 
treatment (RS), and the presence of recanalization were 
compared between the two groups.

For statistical analysis, the unpaired t-test was used for 
continuous variables and c2 test for nominal variables, and 
p <0.05 was regarded as significant.

Results

The mean age of the 46 patients (37 females, 80.4%) was 
63.1 ± 13.0 years. There were 19 patients (41.3%) with a 

ruptured aneurysm. The aneurysm was located in the internal 
carotid artery in 25 patients, anterior cerebral artery 
including the anterior communicating artery in 12, middle 
cerebral artery in 6, and vertebrobasilar artery in 3. The 
mean maximum aneurysm diameter was 3.7 ± 0.7 mm and 
the mean minimum diameter was 2.9 ± 0.7 mm. The mean 
number of used coils was 3.6 ± 1.8, and a stent was used in 
13 patients. These basic data in the 10-coil and Target XL 
groups are shown in Tables 1 and 2. The maximum and 
minimum aneurysm diameters were both larger in the Tar-
get XL group, and a significant difference was observed in 
the minimum diameter (p = 0.04). Ruptured aneurysms 
were significantly more frequently observed in the 10-coil 
group (p = 0.02), and a stent was slightly more frequently 
used in the Target XL group (p = 0.06). The 10-coil group 
included two patients in whom a 10-coil was used for fram-
ing because satisfactory framing was unable to be per-
formed using Target XL. There were no adverse events 
associated with the use of Target XL.

The results of coil embolization and postoperative 
course in the two groups are shown in Table 3. The 
mean 1st VER was significantly higher (p = 0.03) in the 
Target XL group (22.6 ± 4.5%) than in the 10-coil group 
(17.9 ± 8.4%). The mean final VER was also signifi-
cantly higher (p = 0.03) in the Target XL group (36.8 ± 
7.8%) than in the 10-coil group (32.0 ± 6.5%). At the 
completion of coil embolization, the percentage of 
patients exhibiting a favorable embolization state 
(RS 1) did not differ between the 10-coil group (17/26 
patients, 65%) and the Target XL group (14/20 patients, 
70%). However, during a mean follow-up period of 
24.9 months, clear aneurysm recanalization was noted 
in five patients in the 10-coil group, but in none in the 
Target XL group (p = 0.05). The patients who demon-
strated recanalization are shown in Table 4. In these 
patients, a ruptured aneurysm was frequently observed 
(p = 0.1) and no stent was used (p = 0.3). However, nei-
ther difference was significant.

Case Presentation (Fig. 1)
A 58-year-old female presented with sudden headache and 
disturbed consciousness, and was diagnosed with subarach-
noid hemorrhage (World Federation of Neurosurgical Societ-
ies [WFNS] grade 2, Fisher grade 2). Coil embolization of an 
irregular-shaped right middle cerebral aneurysm (3.4 × 2.6 × 
4.1 mm) was performed. A 6-Fr Launcher (Medtronic, Min-
neapolis, MN, USA) and a 4.2-Fr FUBUKI (Asahi Intecc, 
Tokyo, Japan) were coaxially advanced, and placed in the 
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complications associated with surgical manipulation, 
but it has a high recanalization rate.4,5) Besides rup-
tured, large, or wide-neck aneurysms are known to be 
related to high recanalization rate after the coil emboli-
zation, a low VER was confirmed to increase the reca-
nalization rate.1,2,6) To reduce the recanalization rate, 
coils modified with hydrogel or bioabsorbable poly-
mers have been developed, and hydrogel has been 
reported to have specific effects.7–9) The concept of 
hydrogel is to increase the VER by hydrogel expansion 
within the aneurysm. Thus, to prevent recanalization, 
the achievement of a high VER is important.2,6)

To achieve a high VER, flexible coils with differing 
shapes have been developed in order for aneurysms to be 
packed as densely as possible.10–12) However, favorable 
framing in the aneurysm in the initial stage of embolization 

right internal carotid artery, and an SL-10 (Stryker) was nav-
igated into the aneurysm. Framing was performed using Tar-
get XL 360 Soft 2 × 6, which was followed by insertion of 
Target nano 360 1.5 × 3 and Target nano 360 1 × 2, and 
Axium Prime Helical 1 × 2. Satisfactory embolization was 
achieved (RS1). The 1st VER using Target XL was 31.4% 
and the final VER was 44.8%. Her postoperative course was 
favorable and she was discharged home 32 days after the 
operation with a modified RS of 0. Cerebral angiography 1 
year after the operation demonstrated no aneurysm recanali-
zation and a maintained favorable embolization state.

Discussion

In general, coil embolization yields more favorable out-
comes than clipping because of fewer neurological 

Table 1  Characteristics of 10-coil group and Target XL group
10-coil 
(n =26)

Target XL
(n = 20)

p value

Age (years) 63.0 ± 15.2 63.2 ± 9.6 0.9

Female 20 (76%) 17 (85%) 0.7

Ruptured aneurysm 15 (57%) 4 (20%) 0.02

Maximum aneurysm diameter (mm)
Mean
Median

1.6–4.8
3.6 ± 0.8

3.8

3.0–4.9
3.8 ± 0.5

3.9

0.3

Minimum aneurysm diameter (mm)
Mean
Median

1.5–4.2
2.8 ± 0.8

2.7

2.6–4.0
3.1 ± 0.4

3.2

0.04

Stent use 4 (15%) 9 (45%) 0.06

Number of coils 3.3 ± 1.8 4.0 ± 1.7 0.2

Table 2  Aneurysm location

10-coil (n = 26) Target XL (n = 20)

ICA 14 11
A1 segment of ACA 1 0
Acom 5 2
Distal ACA 1 3
MCA 3 3
VA-BA 2 1

ACA: anterior cerebral artery; Acom: anterior communicating artery; BA: basilar artery; ICA: internal 
carotid artery; MCA: middle cerebral artery; VA: vertebral artery

Table 3  Comparison of results between 10-coil cases and Target XL cases
10-coil
(n = 26)

Target XL
(n = 20)

p value

Mean 1st VER (%) 17.9 ± 8.4 22.6 ± 4.5 0.03

Mean final VER (%) 32.0 ± 6.5 36.8 ± 7.8 0.03

Complete obliteration (RS 1) at coiling 17 (65%) 14 (70%) 0.9
Recanalization at follow-up 5 (19%) 0 (0%) 0.05
Mean follow-up period (months) 25.1 ± 8.2 24.6 ± 8.3 0.8

RS: Raymond score; VER: volume embolization rate
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is the most important factor to achieve favorable results of 
coil embolization. When a favorable frame is formed, the 
hemodynamics within the aneurysms change, not only pro-
moting aneurysm thrombosis but also enabling safe and 
efficient embolization to achieve a high VER. Thus, good 
framing is directly associated with the success of surgery 
and treatment results.13,14) Coils used for framing should 
have both high stability, sufficiently covering the aneurysm 
neck without collapse, and flexibility to conform to differ-
ent aneurysm shapes, being uniformly distributed in the 
aneurysm. The achievement of a high VER using the first 
coil has been reported to improve the final VER; therefore, 
coil selection for framing is important.6,15–17) Relatively 
long coils with a complex shape are frequently used for 
framing, and coils with a large primary diameter are 
expected to achieve a high 1st VER.

In terms of the achievement of a high VER, 18-coils 
(primary diameter, 0.018 inches) have been reported to 
improve the VER.11,18–21) However, 18-coils are not 
usable for microcatheters with a tip internal diameter 
<0.018 inches that are generally used for coil embolization 
of small aneurysms while 14-coils can be used for such 
microcatheters. As their volume is approximately twice 
that of 10-coils with the same length, framing using a 
14-coil is expected to achieve a high 1st VER. In addition, 
as 14-coils are thicker than 10-coils, firm stable frames that 
rarely collapse during insertion of 10-coils into the frame 
can be formed, which enables safe coil embolization and 
the achievement of a high final VER.22)

In this study, Target XL mini series with a secondary 
diameter < 5 mm were used. Target XL mini have a primary 
diameter of 0.014 inches, and are the thickest coils among 
those with a secondary diameter < 5 mm that are used at 
present in Japan. Target XL mini are softer than Target XL 
with a secondary diameter ≥ 5 mm, and are safe when used 
for small aneurysms, including ruptured aneurysms. In 
addition, these coils have a complex shape and high flexi-
bility, and can conform to the wall of aneurysms with a rel-
atively irregular shape without forming compartments. As 
the area of contact with the aneurysm wall is large due to 
the coil thickness, a good stable frame uniformly covering 
the entire aneurysm can be readily formed. The actual feel-
ing of use is soft, and microcatheter kickback during coil 
insertion is relatively rare. Coil embolization for small 
aneurysms has a high risk of hemorrhagic complications 
associated with aneurysmal perforation, and careful atten-
tion is particularly necessary for ruptured aneurysms.23) 
There is concern that a possible increase in the risk of 
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reported to reduce the number of coils and be economical, 
the number of coils used in the Target XL group was not 
smaller than that in the 10-coil group in this study.18,19,24) 
The reason for the lack of reduction in the number of coils 
in the Target XL group may have been because Target XL 
was used only for framing, and more coils were able to be 
inserted due to the stable frame of Target XL and the stent 
assistance in some patients. However, as a result, a high 
final VER was achieved, which is more important in treat-
ment than a reduction in the number of coils.

This study has several limitations; therefore, it cannot 
be concluded that only the use of Target XL for framing led 
to the reduction in recanalization cases. This study was ret-
rospective and there were no definite criteria for the use of 
Target XL. The decision on whether Target XL was used 
was left to the operator or physician in charge. In addition, 
as there were some patients in whom framing with Target 
XL was impossible, and the coil was changed to a 10-coil, 
aneurysms for which Target XL was difficult to use were 
allocated to the 10-coil group, which is a selection bias. 
Thus, aneurysms for which Target XL is readily used may 
have been originally unlikely to be recanalized even using 
10-coils alone, and many aneurysms that were unlikely to 
be recanalized might be included in the Target XL group. 
In particular, many unruptured aneurysms and many aneu-
rysms treated by stent-assisted coil embolization may have 
been major factors associated with the low recanalization 
rate. The following reasons can be considered for the infre-
quent use of Target XL for ruptured aneurysms. There 
was reluctance to insert thick coils into small ruptured 
aneurysms and difficulty in using a stent in the acute 
stage of ruptured aneurysms. In addition, thick coils 
were considered to be inappropriate for ruptured aneu-
rysms with an irregular shape. In this study, the recanaliza-
tion rate in all 46 patients was 10% (5/46 patients). 
Recanalization was observed only in the 10-coil group, and 

Fig. 1 � A 58-year-old woman who presented with subarachnoid hemorrhage. (A) An irregular-shaped aneurysm, which was 3.4 × 2.6 × 4.1 
mm in size, was located at the bifurcation of the right middle cerebral artery. (B) Target XL 2 × 6 was used for framing. Note that the 
coil was uniformly fit to the irregular-shaped aneurysmal wall. (C) Complete obliteration of the aneurysm was achieved at the end of 
the procedure. (D) No notable recanalization was observed on follow-up angiography 1 year after coil embolization of the aneurysm

aneurysmal perforation due to the use of thick coils, but no 
adverse events due to the use of Target XL was observed, 
although there were a few patients in whom Target XL was 
changed to a 10-coil for framing. As described above, Tar-
get XL is excellent in flexibility and operability, and can 
also be safely used for small aneurysms within a reason-
able range for appropriately selected cases.

Concerning the selection of the Target XL size, as a high 
VER can be achieved using one Target XL coil for small 
aneurysms, a coil size slightly smaller in the secondary 
diameter than the diameter of the aneurysm is recom-
mended for accurate coil placement within the aneurysm. 
At our institution, there are no definite criteria regarding 
the minimum diameter of aneurysms for the use of Target 
XL. However, as the smallest secondary diameter of Target 
XL is 2 mm, the use of Target XL for aneurysms ≤ 2.5 mm 
in diameter may be difficult, considering the above cau-
tions for size regarding accurate coil placement within the 
aneurysm. Indeed, the smallest minimum diameter of 
aneurysms for which Target XL was used was 2.6 mm in 
this study. On the other hand, 10-coils include those with a 
secondary diameter < 2 mm and can be readily used for 
aneurysms ≤ 2.5 mm in diameter. In this study, only the 
10-coils were used for aneurysms ≤ 2.5 mm in diameter. 
Concerning the size of aneurysms, the difference in the 
minimum aneurysm diameter was more marked than that 
in its maximum diameter between the Target XL and 
10-coil groups. This may have been because the use of Tar-
get XL was considered to be inappropriate for aneurysms 
with a particularly small diameter, and patients with such 
aneurysms were allocated to the 10-coil group.

In this study, framing with Target XL in coil emboliza-
tion for small cerebral aneurysms with a maximum diame-
ter < 5 mm resulted in a high final VER. For a long period 
after the coil embolization, a stable embolization state was 
maintained. Although the use of thick coils has been 
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