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Endovascular Embolization of Intracranial
Aneurysms Using Bare Platinum Axium™
Detachable Coils: Immediate and Short - Term
Follow-up Results from a Multicenter Registry

Byung Moon Kim, MD', Dong Joon Kim, MD', Pyoung Jeon, MD? Pyung Ho Yoon, MD?,
Byung Hee Lee, MD*, Myeong Sub Lee, MD®, Tae Hong Lee, MD¢,
Jun Soo Byun, MD’, Dong Ik Kim, MD, PhD’

Purpose: Axium™ coils were developed to improve the durability of coil-embolized cerebral aneurysms
by increasing packing density. The purpose of this prospective multicenter registry was to evaluate
the safety and durability of Axium™ coils.

Materials and Methods: One hundred twenty-six patients with 135 aneurysms of < 15 mm in size under-
went coil embolization using bare platinum coils, with Axium™ coils constituting over 50% of the
total coil length. Immediate and short-term follow-up results were prospectively registered and ret-
rospectively evaluated.

Results: Of the 135 aneurysms (83 unruptured and 52 ruptured), immediate post-embolization angiogra-
phy revealed complete occlusion in 80 aneurysms (59.3%), neck remnants in 47 (34.8%), and incom-
plete occlusion in 8 (5.9%). The mean packing density was 42.8% (range, 9.5 — 90%) with Axium™
coil length constituting a mean of 87.9% of total coil length. The rate of procedure-related compli-
cations was 16.3%. Procedure-related permanent morbidity and mortality rates were 3.2% and
0.8%, respectively. Follow-up catheter or MR angiography, which was available in 101 aneurysms at
6 — 15 months (mean, 7.7 months), revealed stable or improved occlusion in 95 aneurysms and
worsening in 6 aneurysms (5.9%). Lower packing density (< 30%) remained the only predictor for
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anatomical worsening on multivariable logistic regression analysis (P < 0.05).

Conclusion: In this registry, Axium™ coils showed a relatively low rate of anatomical worsening on short-
term follow-up imaging with an acceptable periprocedural safety profile compared to reports of
other platinum coils. These results may warrant further study of long-term durability with Axium™

coils in larger populations.
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Although coil embolization has been widely accepted
both as an alternative to surgical clipping and as a
primary treatment modality for intracranial aneurysms,
the higher recurrence rates for coils compared to
clipping remains a major limitation. To prevent coil-
embolized aneurysms from recurring, various surface-
modified coils have been invented and tested but, to
our knowledge, have failed to prove superior to bare
platinum coils in terms of durability [1—5]. When
intracranial aneurysms are treated with bare platinum
coils, packing density is known to be a major factor
affecting the durability of coil embolized-aneurysms
[6—28]. Axium™ coils (ev3, Irvine, CA, USA) were
developed to improve the durability of coiled
aneurysms by increasing packing density. The purpose
of this prospective multicenter registry was to evaluate
the safety, durability and packing efficacy of Axium™
coils.

MATERIALS AND METHODS

The Institutional Review Board at our institution
approved this prospective multicenter registry and
written informed consent to treatment and data collec-
tion was obtained from all patients or their legal
representatives. Inclusion criteria were 1) confirmed
diagnosis of one or more intracranial aneurysms, either
ruptured or unruptured; 2) aneurysm size less than 15
mm in diameter; and 3) Hunt and Hess (H/H) grade 1—
4 in ruptured cases. Exclusion criteria were 1)
previously treated aneurysms, 2) aneurysm associated
with arteriovenous malformation or dissection, and 3)
participation in a clinical investigation of another
device or pharmaceutical product. The primary
endpoint was an evaluation of the anatomical stability
of coil-embolized aneurysms at 6 months. The
secondary endpoints were 1) intra- and post-procedure
safety defined as the rate of patient morbidity and
mortality related to the procedure evaluated at hospital
discharge and 2) aneurysm coil packing efficacy,
defined as the increase in packing density which was
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calculated as the ratio between the volume of coils
implanted and the volume of the aneurysm [coil length
X X (coil diameter/2)?] / [47/3 X (d,/2) X (d,/2) X
(dy/2)].

Between April 2008 and May 2009, 126 patients with
135 aneurysms < 15 mm in size underwent coil
embolization using bare platinum coils for which
Axium™ coils constituted more than 50% of the total
coil length.

Bare Platinum Axium™ Detachable Coil

The Axium™ coil consists of a bare platinum coil
attached through the floating detachment link to a
composite hypotube pusher, allowing rotation or
bending in any direction at the detachment zone during
coil insertion, and instant detachment (Fig. 1). The
thickness of Axium™ coils increases from 0.0115
inches to 0.0145 inches in proportion to the increase in
their shape memory diameters: 0.0115 inches for a 1.5
—3 mm shape memory diameter, 0.0125 inches for 4—
6 mm, 0.0135 inches for 7—10 mm, and 0.0145 inches
for 12—25 mm.

Coil Embolization Procedure

Anti-platelet premedication and anticoagulation were
administered at the operator’s discretion and recorded.
With the exception of the stent-assisted technique, any
coil embolization methods including conventional
single-catheter, multi-catheter, balloon-remodeling or a
combination of those were permitted and were used
according to the operator’s preference. The stent-
assisted technique was not permitted because stents
have the potential to positively affect the durability of
the treated aneurysms, making it difficult to evaluate
Axium™ coils in terms of durability. Any type of bare
platinum coils were permitted, but the Axium™ coil
length had to exceed 50% of the total coil length
inserted into the aneurysm sac. Any complications or
adverse events during the procedure and post-
procedure were recorded.
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Pre-procedural Evaluation and Clinical Follow-up

Pre-procedural evaluation included inclusion/
exclusion criteria, basic demographic and patient
medical history data, aneurysm characteristics, and
neurological evaluation according to either modified
Rankin Scale score (mRS) for unruptured aneurysms or
the H/H grade at coiling for ruptured aneurysms. Post-
procedural neurological evaluation was performed and
recorded at 1 day post-procedure and at discharge, and
any adverse events were recorded as applicable.

Clinical follow-up evaluation was performed accord-
ing to each institution’s standard of care. The functional
neurological statuses of the patients were assessed
according to the mRS and any adverse events were
recorded as applicable.

Immediate Post-procedure and Follow-up
Angiographic Evaluation

The degree of aneurysm occlusion was evaluated
qualitatively according to Roy and Raymond’s classifi-
cation [9] immediately after the procedure. Follow-up

Fig. 1. Detachment zone of Axium™ coil. The Axium™ coil rotates
and bends in any direction at the detachment zone.

imaging evaluation was performed either by catheter or
MR angiography at 6 —8 months following the
procedure. The anatomic stabilities of the coil-
embolized aneurysm were categorized as stable,
improved, or worsened (Table 1).

Statistics

All statistical analyses were performed using SPSS
for Windows (version 13.0; SPSS, Chicago, IL, USA).
The factors potentially affecting packing density were
evaluated using a two-tailed independent #-test.
Univariable analyses for presentation (ruptured versus
unruptured), aneurysm location (anterior versus
posterior circulation), aneurysm size (small versus
large), aneurysm volume (<100 mm® versus > 100
mm’), neck type (narrow versus wide), embolization
technique (catheter only versus balloon-assisted), and
packing density (=30% versus < 30%) were separately
performed and also used to model anatomical worsen-
ing on follow-up with x* analysis. All variables with P
< 0.25 on univariable analyses entered into a separate
multivariable logistic regression analysis. The differ-
ence in packing density between the stable/improved
group and the worsening group was also evaluated
using a two-tailed independent #-test. Statistical signifi-
cance was defined as P < 0.05 for a 95% confidence
interval.

RESULTS

Table 2 summarizes the characteristics of the patients
and the aneurysms, and Table 3 summarizes the post-
treatment clinical and angiographic outcomes. Of the
135 aneurysms (mean diameter, 6 mm; 83 unruptured
and 52 ruptured aneurysms), immediate post-emboliza-
tion angiography revealed complete occlusion in 80
aneurysms (59.3%), neck remnants in 47 (34.8%), and
incomplete occlusions in eight (5.9%). The mean coil-
packing density was 42.8% (range, 9.5—90%) and the

Table 1. The Classification of Anatomic Stability of Coil-embolized Aneurysms at Follow-up Imaging

Aneurysm occlusion immediately post-procedure Aneurysm occlusion on follow-up imaging Classification
Complete Complete Stable
Residual neck Residual neck Stable
Residual neck or Residual aneurysm Complete Improved
Residual aneurysm Residual neck Improved
Complete or Residual neck Residual aneurysm Worsened
Residual aneurysm Residual aneurysm Worsened
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mean percentage of the total coil length inserted
represented by Axium™ coils was 87.9% (range, 55.8
—100%). The packing density was significantly higher
in small aneurysms (44.1%) compared to larger ones
(33.6%), in aneurysms with volume <100 mm* (44.5%)
compared to those with volume > 100 mm® group
(34.0%), and in procedure using the balloon-assisted
technique (47.9%) compared to the catheter(s)-only

Table 2. Summary of Characteristics of the Patients and Aneurysms

technique (40.7%) (Table 4). Use of balloon-assisted
technique generally increased packing density, but the
positive effects of balloon assistance on packing
density were reduced with larger aneurysm volume and
with wide-neck aneurysms (Figs. 2, 3). Procedure-
related complications occurred in 22 cases (16.3%) and
included six device-related events (coil protrusion,
stretch, or detachment failure). Procedure-related

Number of Patients (Aneurysms)
Male
Female

Mean age

Location of aneurysms  (n = 135)
Anterior circulation
Posterior circulation

Presentation (n =135)
Ruptured
Unruptured

Mean of maximum sac size (n = 135)
Small (< 10 mm)
Large (= 10 mm)

Mean of aneurysm neck size* (n=135)
Narrow*
Wide*

Mean aneurysm volume (n = 135)

126 (135)
51 (40.5%)
75 (59.5%)

55 years (range, 30 — 84 years)

122 (90.4%)
13 (9.6%)

52 (38.5%)
83 (61.5%)
6.0 mm (range, 2.5 — 14.8 mm)
118 (87.4%)
17 (12.6%)
3.3 mm (range, 1.3 — 8.2 mm)
75 (55.6%)
60 (44.4%)
103.8 mm? (range, 5 — 1158 mm?)

* Narrow neck was defined as <4 mm in diameter and dome-to-neck ratio of > 1.5. Wide neck was defined as > 4 mm in diameter or

dome-to-neck ratio of < 1.5.
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Fig. 2. Relationship between aneurysm volume and packing
density.
vol, volume; txmethod, treatment method
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Fig. 3. Comparison of aneurysm packing densities according to
coiling technique and aneurysm neck type.
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Table 3. Summary of Post-treatment Clinical and Angiographic Outcomes

Mean packing density (n = 135)

Mean percentage of the total coil length comprised of Axium

Procedure-related complications  (n = 135)
Thromboembolic
Caoil protrusion, stretch, or detachment failure
Procedural rupture
Immediate post-treatment angiography  (n = 135)
Complete
Neck remnant
Aneurysm remnant
Treatment-related permanent morbidity ~ (n = 126)
Treatment-related mortality (n = 126)

Clinical outcome (n = 126)

Unruptured (n = 74) mRS 0
mRS1 -2

Ruptured (n = 52) mRSO0 — 2
mRS3 -6

™ coils (n=135)

Anatomical outcome on follow-up imaging (n=101)

Stable or improved

42.8% (range, 9.5 — 90%)
87.9% (range, 52 — 100%)
22 (16.3%)
14 (10.4%)

6 (4.4%)

2 (1.5%)

80 (59.3%)
47 (34.8%)
8 (5.9%)
4 (3.2%)
1 (0.8%)

71 (95.9%)
3 (4.1%)
40 (76.9%)
12 (23.1%)

95 (94.1%)

Worsened 6 (5.9%)
mRS, modified Rankin score
Table 4. Analysis of Factors Affecting Packing Density
Variables Category (n = 135) Packing density P-value
Presentation Ruptured (n = 51) 44.5% .300
Unruptured (n = 84) 41.8%
Aneurysm location Anterior (n = 122) 43.1% .506
Posterior (n = 13) 40.2%
Size Large >10 mm (n =17) 33.6% .005
Small <10 mm (n =118) 44.1%
Volume <100 mm?® (n = 103) 45.5% .000
>100 mm? (n = 32) 34.0%
Neck* Narrow (n = 75) 44.7% .095
Wide (n = 60) 40.4%
Embolization technique Catheter (s) only (n = 77) 40.7% .010
Balloon-assisted (n = 24) 47.9%

* Narrow neck was defined as < 4 mm in diameter and dome-to-neck ratio of > 1.5. Wide neck was defined as > 4 mm in diameter or

dome-to-neck ratio of < 1.5.
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permanent morbidity and mortality rates were 3.2%
and 0.8%, respectively. Follow-up catheter or MR
angiography, which was performed at least once in 101
aneurysms at 6 —15 months (mean, 7.7 months),
revealed stable or improved occlusions in 95
aneurysms and worsenned occlusion in 6 aneurysms
(5.9%). There were significant differences in packing
density and aneurysm volume between the

stable/improved group and the anatomical worsening
group (P <0.05) (Figs. 4, 5). Posterior circulation
aneurysms, large aneurysms (= 10 mm), and lower
packing density (< 30%) were significant predictors for
anatomical worsening on univariable analysis, but
lower packing density (< 30%) was the only significant
predictor on multivariable logistic regression analysis
(P <0.05) (Table 5).

Table 5. Analysis of Potential Factors Affecting Anatomical Worsening of Embolization Status after Embolization on Follow-up Imaging

Variables Category (n = 101) Anatomical worsening P, T P,*

Presentation Ruptured (n = 32) 4 (12.5%) .058 .080
Unruptured (n = 69) 2 (2.9%)

Aneurysm location Anterior circulation (n = 94) 4 (4.3%) .009 408
Posterior circulation (n = 7) 2 (28.6%)

Size Large >10 mm (n = 11) 4 (36.4%) .002 .718
Small < 10 mm (n = 90) 2 (2.2%)

Neck* Narrow (n = 58) 2 (3.4%) .218 132
Wide (n = 43) 4 (9.3%)

Volume <100 mm?® (n = 80) 3 (3.8%) .069 456
>100 mmé (n = 21) 3 (14.3%)

Embolization technique Catheter (s) only (n =77) 5 (6.5%) 674
Balloon-assisted (n = 24) 1 (4.2%)

Packing density >30% (n=74) 1(1.4%) .001 .020
<30% (n = 27) 5 (18.5%)

* Narrow neck was defined as < 4 mm in diameter and dome-to-neck ratio of > 1.5. Wide neck was defined as > 4 mm in diameter or

dome-to-neck ratio of < 1.5.

"P1: P-value is the result of x? test; *P2: P-value is the result of the logistic regression
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Fig. 4. Comparison of mean packing densities between the
improved/stable group (no recur) and the worsening group (recur)
on follow-up imaging study (p < 0.05).

90

Fig. 5. Comparison of aneurysm volume between the
improved/stable group and the worsening group on follow-up
imaging study (p < 0.05).
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DISCUSSION

Although coil embolization has been widely and
increasingly used in current practice for treatment of
both the ruptured and unruptured intracranial
aneurysms, relatively higher recurrence rates after
coiling remains as one of the major drawbacks of this
technique [5]. For prevention of recurrence, several
types of surface-modified coils have been invented but,
to our knowledge, they showed no superiority to bare
platinum coils in terms of durability [1—5]. Regardless
of the type of coil used, the reported recurrence rate at
mean follow-up time ranging from 4.7 to 38 months
was approximately 20.8% (range, 19.8—21.9% for a
95% confidence interval) with a 10.3% retreatment rate
(range, 9.5—11.0% for a 95% confidence interval) [5].
Among the various factors potentially affecting
aneurysm recurrence, low packing density is well
known to be a predisposing factor for aneurysm
recanalization [6—8]. Axium™ detachable coils were
developed to improve durability by increasing packing
density.

The mean packing density in this study was 42.8%,
which was superior to those found in studies using
other bare platinum coils [6—S8, 10, 11]. Moreover, the
durability of treated aneurysms on short- to mid-term
follow-up was also favorably comparable to that of
studies using other coils [5] Axium™ coils have two
structural characteristics with respect to increasing
packing density. First, the thickness of the Axium™
coils increases from 0.0115-inches to 0.0145-inches in
proportion as their shape memory diameter increases.
Second, floating detachment links allow rotation and
bending of the coils in any direction at the detachment
zone. As mentioned by Slob et al. [10] thicker coils
increase packing volume per coil length per cubic
millimeter of aneurysm volume. Therefore, theoreti-
cally, with an equally inserted coil length, thicker coils
should lead to higher packing density. Using thicker
coils especially in smaller aneurysms, however,
inserted coil length can substantially be lowered to
result in reducing positive effect of thicker coil on
packing density. Increasing the thickness of Axium™
coils in proportion to shape memory diameter may
allow the coil thickness to be appropriate for the
aneurysm size and result in less resistance during coil
insertion. In addition, the floating detachment link may
further decrease friction, especially towards the end of
the coiling procedure. As a result, these two character-
istics appear to positively affect packing density as
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shown in the results of this study. This positive effect
of Axium™ coils on packing density may explain the
relatively low rate of anatomical worsening of coiled
aneurysms on follow-up imaging compared with those
of previous reports [5] However, the positive effect of
Axium™ coils on packing density decreased similarly
to other coils as the aneurysm volume increased (Fig.
1).

With regard to safety, the rates of procedure-related
permanent morbidity and mortality were comparable to
those of other series. Although they did not affect the
clinical outcomes, device-related complications (coil
protrusion, stretch, or detachment failure) occurred in
six cases (4.4%). In discussion between the investiga-
tors of this study, some investigators suggested that
Axium™ coils have weaker shape memory than other
coils. It seemed that it was difficult to frame the initial
coil basket using Axium™ coils without balloon
assistance in wide-necked aneurysms.

This study has several limitations. It was not a
randomized in design and therefore is susceptible to
selection bias. Most aneurysms included in this registry
were less than 10 mm in the largest diameter, which
may increase the packing density and lower the rate of
anatomical worsening on follow-up. Due to difficulty
related to the multicenter registry design, Axium™
coils were not compared to a historical control group
using other bare platinum coils. The limited number
and period of angiographic follow-up may also lower
the rate of anatomical worsening. To address this issue
and to elucidate the effect of Axium™ coils on durabil-
ity, further studies in larger populations with long-term
follow-up period are warranted.

In this registry, Axium™ coils showed a relatively
low rate of anatomical worsening on short- to mid-term
follow-up imaging study with an acceptable periproce-
dural safety profile compared to that of other bare
platinum coils reports. Further study of long-term
durability of Axium™ coils in larger populations may
be warranted.
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