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Single-Institution Experience with Matrix Coils in
the Treatment of Intracranial Aneurysms:
Comparison with Same-Center Qutcomes with the
Use of Platinum Coils

BACKGROUND AND PURPOSE: This study was undertaken to analyze the outcomes and treatment-
related complications of the polyglycolic/polylactic acid (PGLA)-coated Matrix platinum coils in the
treatment of intracranial aneurysms and compare these results with those derived from the same
single-institutional experience with use of uncoated, bare platinum coils.

MATERIALS AND METHODS: In this study, we compared 2 groups of patients in a retrospective fashion.
The first group consisted of 70 consecutive patients who underwent 82 aneurysm treatments with
Matrix coils during the 14-month period of study, from January 2003 to February 2004. \We compared
this cohort with 70 consecutive patients who underwent a total of 80 aneurysm treatments with bare
platinum coils in the 12 months immediately preceding the use of PGLA-coated coils, from January
through December 2002. We then recorded the treatment characteristics, angiographic outcomes, and
any complications.

RESULTS: There were similar baseline demographic characteristics between the 2 study groups
except in age, anatomic location, and length of follow-up. The overall recurrence rate of aneurysms
was 41% among the Matrix-treated group and 32% among the patients treated with bare platinum.
Among the 42 patients treated with 100% Matrix, the rate of recurrence was 31%. Of the recurrences,
21% of the Matrix group, 19% of the 100% Matrix group, and 9% of the bare platinum group required
retreatment. The overall rate of complications was 10% in the Matrix-treated group and 7% in the bare
platinum group. There was not a statistically significant difference in the rate of recurrence of
aneurysms or complications between the 2 groups.

CONCLUSIONS: On the basis of our single-center experience, there is insufficient evidence to support

he endovascular treatment of aneurysms became widespread

in the United States after Food and Drug Administration
(FDA) approval of the Guglielmi detachable coil (GDC) in 1995.
Because techniques and technologies have advanced, coiling has
become an accepted alternative to surgical clipping of most cere-
bral aneurysms. This platinum coil, which rapidly became the
standard for endovascular treatment, functions by partially filling
the aneurysm. The coil mass within the aneurysm slows the blood
flow within it, which causes the development and organization of
the clot, leading to fibrosis.' Results with GDC have indicated that
itis effective in preventing rebleeding when the aneurysm is com-
pletely occluded and is also effective when incompletely occlud-
ed.? However, compaction of the coils and recurrence of aneu-
rysms occur at a rate of between 14% and 54%, depending on the
series.”™ Rates of aneurysm recurrence are higher in giant aneu-
rysms, those that are partially thrombosed, and in cases where
only partial coil occlusion is possible.**
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the use of Matrix coils over bare platinum coils, given their disadvantages.

To reduce the rate of recurrence, several groups have per-
formed experimental modifications of the platinum coils in
animals.*™" These modifications have included coating the
coils with growth factors and cells. In 2002, the FDA approved
the GDC coil coated with a copolymer consisting of polygly-
colic/polylactic acid (PGLA), the Matrix coil (Boston Scien-
tific, Natick, Mass). These coils would theoretically decrease
the rate of recanalization by accelerating neointimal forma-
tion and fibrosis on the coils; there is experimental evidence to
support this mechanism.'? However, longer-term data on the
clinical effectiveness of the coated coils is lacking.

Published studies on GDC outcomes have reported a range
of aneurysm recurrence rates and are usually derived from a
single institution’s experience.*>’” During the development
and initial evaluation of new techniques of aneurysmal oblit-
eration, these GDC series are often used as a comparison.
However, this manner of evaluation does not control for de-
vice selection bias, differences in physician experience and
techniques, or institutional differences in outcomes. We
sought to determine the results and complications associated
with use of the PGLA-coated (Matrix) coils and compare them
with use of uncoated platinum coils at our own institution.

Materials and Methods

Patients and Methods

The Institutional Review Board reviewed and approved all compo-
nents of the study design. During a period of 14 months (between
January 2003 and March 2004), 82 aneurysms in 70 patients were



Table 1: Baseline demographic characteristics (all procedures)

Table 2: Aneurysm locations

PGLA-Coated  Bare Platinum PGLA-Coated Bare Platinum

Characteristics Coils Coils P Value* Locations Coils Coils
Age (mean +/— SD) (yrs) 57 +/— 14 52 +/— 13 04 Anterior circulation total 65 47
SAH (%) 33 45 1 Proximal ICA 10 6
Sex ratio (%) (M:F) 27:73 24:76 70 Ophthalmic 8 15
Circulation (%) (Ant:Post) 79:21 60:40 .008 SupHypo 7 5
Average size (mm) (SD) 8.5(6.1) 8.1(5.4) .63 PComA 14 6
Size category (mm) (%) 50 AntChor 1 2
0-10 mm 63 (77) 67 (84) ICA terminus 7 2
11-24 mm 17(21) 11(14) AComA 16 9
>25 mm 2(2) 2(2) ACA 0 2
>4 mm neck 24(29) 19(24) .80 MCA 2 0
<4 mm neck 58 (71) 61(76) .80 Posterior circulation total 17 33
Follow-up period (mos) 9.4(5.2) 12.1(7.0) .009 PICA 2 5
mean (SD) VBJ 1 1
Note:—SAH indicates subarachnoid hemorrhage; PGLA, polyglycolic/polylactic acid. SCA 2 4
*ns = P> 05. TOB 12 22
PCA 0 1
Total 82 80

treated with endovascular occlusion with use of PGLA-coated plati-
num coils. Baseline patient demographic characteristics are summa-
rized in Table 1. This group consisted of 19 male and 51 female pa-
tients (mean age, 57 years; age range, 26—86 years; SD, 14 years). Of
this group, 33% had suffered subarachnoid hemorrhage; 65 (79%)
aneurysms were in the anterior circulation, and 17 (21%) were in the
posterior circulation. A total of 24 (30%) aneurysms were classified as
“wide necked” (=4 mm). Balloon remodeling or adjunctive stent
placement was performed in 25 (30%) cases. A total of 10 patients had
multiple aneurysms treated: 8 with 2 aneurysms, and 2 with 3 aneu-
rysms. PGLA-coated coils were used alone or in combination with
other platinum coils at the treating physicians’ discretion. Forty-two
of the 82 aneurysms were treated with 100% PGLA-coated coils and
were also analyzed as a separate subgroup, “100% Matrix.” Aneu-
rysms treated with only bare platinum coils during this later period
(January to March 2004) were not included in this analysis.

A second group consisted of 72 consecutive patients with a saccu-
lar aneurysm who were treated in the preceding 12 months by the
same treating physicians at the same institution, before the introduc-
tion of the bioactive coils. We used these patients as a comparison
cohort to determine our own institutional outcome rates. Two pa-
tients in this group treated with parent vessel sacrifice for dissecting or
fusiform aneurysms were excluded. From January through December
2002, 80 aneurysms in the remaining 70 patients were treated with
standard (ie, noncoated or bare) platinum coils from a variety of
manufacturers; 79% were treated entirely with GDC (Boston Scien-
tific) bare platinum coils. The remainder was treated with DCS Orbit
coils (Cordis Neurovascular, Miami Lakes, Fla), bare platinum coils
(Micrus Endovascular, San Jose, Calif), or a combination of these 3
types at the discretion of 3 staff interventionalists.

The second group consisted of 17 male and 53 female patients
(mean age, 52 years; range, 14—76 years; SD, 13 years). There were
45% of treated aneurysms that were ruptured, and 5 patients had
suffered a subarachnoid hemorrhage previously from a different an-
eurysm. A total of 48 (60%) aneurysms were in the anterior circula-
tion, and 32 (40%) were in the posterior circulation. There were 19
(24%) aneurysms classified as “wide-necked” (=4 mm). Balloon re-
modeling or adjunctive stent placement was performed in 19 (24%)
cases. A total of 10 patients had 2 aneurysms treated. We determined
the aneurysmal dome and neck sizes by the largest dimension as mea-
sured from initial pretreatment arteriograms, or by CT and MR im-
aging measurements in partially thrombosed aneurysms. We divided

Note:—PGLA indicates polyglycolic/polylactic acid; proximal ICA, proximal internal carotid
artery; Ophthalmic, ophthalmic artery; SupHypo, superior hypophyseal artery; PComA,
posterior communicating artery; AntChor, anterior choroidal artery; ACA, anterior cerebral
artery; MCA, middle cerebral artery; PICA, posterior inferior cerebellar artery; VBJ, verte-
brobasilar junction; SCA, superior cerebral artery; TOB, top of basilar artery; PCA, posterior
cerebral artery.

the aneurysmal sizes into 3 categories: 0 to 10 mm, 11 to 24 mm, and
25 mm and greater. The anatomic locations (anterior or posterior
circulation) of the aneurysms treated for both groups are summarized
in Table 2.

Aneurysms were assigned to 1 of 3 grades at the end of treatment
and subsequently on follow-up angiograms (Fig 1). We modified the
aneurysmal grading scale used by Raymond et al.”'*> We combined
the categories “Dog Ear” and “Residual Neck” into 1 category, “Neck
Remnant” (see below). Aneurysms that were completely occluded
with no contrast filling within the interstices of the coil, within the
original aneurysm, or within an aneurysmal neck were considered
“Obliterated” (OBL). If there was contrast filling at the base of the
aneurysm within the neck or within an area subjacent to the main coil
mass but not at the actual neck, this was classified as a “Neck Rem-
nant” (Neck). In general, we followed a conservative approach such
that any contrast filling in the region of the neck was considered a
neck remnant. If there was contrast filling within the interstices of the
coil, or more contrast filling than simply at the neck, because of ex-
pansion of the aneurysm or compaction of the coil, this was classified
as a “Residual” or “Recurrent Aneurysm,” depending on whether it
was present immediately after the treatment (Residual) or at fol-
low-up (Recurrent). At last follow-up, we classified these 2 categories
as being together (Residual + Recurrence) in Table 6. We determined
all follow-up aneurysm grading from conventional angiograms that
we performed at a minimum of 6 months after the procedure. We
determined pretreatment aneurysmal dimensions, neck size, and an-
giographic outcome grading from digitally subtracted angiographic
images using =4 projections. For purposes of statistical comparisons,
patients with only MR angiography or CT angiography follow-up
were not graded or included.

We automatically considered any aneurysms that had enough of a
recurrence or residuum to undergo retreatment with additional coils
to be recurrent/residual. We used this classification because we felt
that any amount of filling large enough to allow placement of more
coils would not be best described as simply a “neck remnant.” How-
ever, for a variety of reasons, not all aneurysms graded as residual or
recurrent underwent recoiling.
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Fig 1. Aneurysm outcome grading scheme. A, Grade 1 “Obliterated” aneurysms had no contrast filling within the interstices of the coils or at the neck and were considered completely
obliterated. B, Grade 2 “Neck Remnant” was used to classify cases with contrast filling at the base of the aneurysm within the neck or within an area subjacent to the main coil mass,
but not at the actual neck. C, Grade 3 “Residual” or “Recurrent” was used if there was contrast filling within the interstices of the coil, or more contrast filling than simply at the neck,
because of expansion of the aneurysm or compaction of the coil, depending on whether it was present immediately after the treatment (“Residual”) or at follow-up (“Recurrent”).

The amount of PGLA-coated coils used, as a percentage of the
total length of coils inserted, was calculated, and statistical compari-
son was made between the bare platinum-treated cohort and the en-
tire PGLA-treated cohort. We also performed a comparison between
the bare platinum-treated cohort and only those aneurysms treated
with 100% PGLA-coated coils that had follow-up available (see
Results).

Treatments

Intravenous heparin to an activated clotting time (ACT) of approxi-
mately 250 seconds was used for all patients who had suffered a sub-
arachnoid hemorrhage. Aspirin (325 mg) was usually administered
the evening following the procedure and then daily thereafter. The
patients whose aneurysm had not ruptured were all orally premedi-
cated for atleast 3 days with aspirin (325 mg) and clopidogrel bisulfate
(75 mg, Bristol-Myers Squibb, New York, NY), which was maintained
for the subsequent 30 days. Clopidogrel was discontinued after 30
days, and the aspirin continued indefinitely. During the endovascular
procedure, the patients were anticoagulated to an ACT of approxi-
mately 300 seconds.

The heparin was allowed to dissipate after the procedure and was
only maintained in cases in which intraluminal thrombus of the par-
ent vessel occurred. If clotting occurred, intra-arterial (IA) lytics, in-
travenous heparin, or antiplatelet agents such as the glycoprotein
IIb/11Ia inhibitor abciximab (Eli Lilly, Indianapolis, Ind) were admin-
istered. The guide catheters and microcatheters were continuously
flushed with heparinized saline (3000 U/100 mL) under arterial pres-
sure at a rate of 3 mL/h. All endovascular treatments of aneurysms
were performed with the patient under general anesthesia.

The Matrix coils were prepared as per the instructions for use (ie,
immersed in heparinized saline for 10 to 20 seconds before introduc-
tion into the microcatheter). The Matrix soft and UltraSoft (Boston
Scientific) stretch-resistant coils became available in May 2003 and
were used in selective cases at the discretion of the treating physician
thereafter.

Statistical Analysis

We analyzed the relationships between categoric data by calculating
contingency tables. We tested patterns for statistical significance with
X° tests. When continuous data were available for groups, analysis
depended on what was the independent variable. When the indepen-
dent variable was categorical and the dependent variable was contin-
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uous, we calculated means and SD and tested differences for statistical
significance with ¢ tests. When the independent variable was contin-
uous and the dependent variable was categoric, we performed logistic
regression. To evaluate multiple independent variables simulta-
neously, a multivariable nominal logistic regression analysis was per-
formed. We carried out all analyses using JMP 5.0 (SAS Institute,
Cary, NC).

Results

Comparison of baseline demographic properties of the treat-
ment groups is presented in Table 1. There were 80 aneurysms
in 70 patients treated with bare platinum coils and 82 aneu-
rysms in 70 patients treated with Matrix coils. The breakdown
of anatomic location of the treated aneurysms is summarized
in Table 2.

There were statistically significant differences between the
groups in 3 variables: age, anatomic location, and length of
follow-up. Patients in the Matrix group tended to be older
than the GDC group, which would tend to reduce the appar-
ent success of the Matrix coils, because success of the outcome
tended to decline with the age of the patient (logistic regres-
sion, P = .005). Patients in the Matrix group had a greater
proportion of aneurysms in the anterior circulation than the
GDC group, which would tend to increase the apparent suc-
cess of the Matrix coils, because success of the outcome tended
to be greater with the anterior than with posterior circulation
(X% P = .04). As expected, patients in the GDC group had a
statistically significant longer interval of follow-up than those
in the Matrix group. There was follow-up information for 35
of 42 (83%) patients in the Matrix group, and for 53 of 80
(66%) patients in the GDC group. This difference was also
statistically significant (x, P = .046) and is addressed below
(see Discussion).

Table 3 summarizes several specific attributes of treatment
in each cohort. Because of aneurysmal neck size, overall con-
figuration, or other anatomic factors, we treated a subset of
both treatment groups by using adjunctive devices. In the ear-
lier GDC group, this technique was performed in almost all
(18/19) cases with balloon remodeling'* because only coro-
nary stents were available at that time. The Matrix group was
treated after the Neuroform stent (Boston Scientific) became
available, which was used as an adjunct to treatment in most



Table 3: Treatment characteristics

PGLA-Coated Coils

100% PGLA-Coated Bare Platinum

No. and Type of Aneurysms (%) (All) Coils Coils
Stent-assisted 18/82 (22%) 8/42 (19%) 1/80(1%)
Balloon remodeling 7/82 (9%) 1/42 (2%) 18/80 (23%)
Total treated with adjunctive device 25/82 (30%) 9/42 (21%) 19/80 (24%)
Intentional subtotal embolization to preserve parent vessel 2/82(2%) 1/42 (2%) 4/80 (5%)
Note:—PGLA indicates polyglycolic/polylactic acid.
Table 4: Treatment results
PGLA-Coated Coils Bare Platinum Coils P
Value
0BL Neck Resid + Recurr 0BL Neck Resid + Recurr (X%
All sizes 43% (29/68) 16% (11/68) 41% (28/68) 53% (28/53) 15% (8/53) 32% (17/53) 51
0-10 mm 52% (26/50) 14% (7/50) 34% (17/50) 61% (25/41) 17% (7/41) 22% (9/41) A4
11-24 mm 20% (3/15) 20% (3/15) 60% (9/15) 20% (2/10) 10% (1/10) 70% (7/10) .83
=25 mm 0 33% (1/3) 67% (2/3) 50% (1/2) 0 50% (1/2) -
100% PGLA-Coated Coils Bare Platinum Coils
All sizes 46% (16/35) 23% (8/35) 31% (11/35) 53% (28/53) 15% (8/53) 32% (17/53) .63
0-10 mm 54% (15/28) 21% (6/28) 25% (7/28) 61% (25/41) 17% (7/41) 22% (9/41) .82
11-24 mm 17% (1/6) 17% (1/6) 67% (4/86) 20% (2/10) 10% (1/10) 70% (7/10) .92
=25 mm 0 100% (1/1) 0 50% (1/2) 0 50% (1/2) -

Note:—PGLA indicates polyglycolic/polylactic acid; OBL, obliterated; Resid + Recurr, residual and recurrence.

Table 5: Retreatments

PGLA-Coated

100% PGLA-Coated Bare Platinum

No. of Aneurysms (%) Coils Coils Coils
Overall 17/82(21%) 8/42 (19%) 7/80 (9%)
Originally treated with Neuroform stent or balloon remodeling 417 1/8 1/7
Size (mm)
0-10 10/59 (17%)* 6/34(18%) 3/57 (5%)*
11-24 6/20 (30%)* 2/7(29%) 2/19 (11%)*
=25 1/3(33%)* 0 2/4 (50%)*
>4 Neck 4 1 1
<4 Neck 14 0 6

Note:—PGLA indicates polyglycolic/polylactic acid.
*Percentages represent the % of aneurysms within a particular size category.

cases (18/25). There was no statistically significant difference
in the numbers of patients in both groups treated with either
balloon remodeling or stent assistance (P = .92 for all Matrix
cases vs bare platinum; P = .32 for 100% Matrix vs bare plat-
inum). Two patients (2%) in the Matrix group, 1 (2%) in the
100% Matrix group, and 4 (5%) in the bare platinum group
had intentional subtotal coil embolization to preserve a
branch vessel originating from, or immediately adjacent to,
the aneurysm.

In the procedures involving the use of Matrix coils, the
percentage of Matrix coils used typically varied between 30%
and 100%, with a slight majority of procedures (42/82, 51%)
using 100% Matrix coils. A preliminary analysis showed a
weak, but statistically significant (logistic regression,
P = .046), tendency for outcome to improve as the percentage
of Matrix coils used increased. Therefore, we compared the
bare platinum group with both the entire group of Matrix
cases as well as only the procedures that used 100% Matrix
coils. Results from both are presented in Table 4. The perfor-
mance of Matrix and GDC coils was virtually identical, and in
all cases P > .50, which suggested that the minor differences
were more likely because of sampling error than any real dif-
ference in coil performance. There was also no statistically
significant difference in angiographic outcome between the

cohort that was treated with 100% Matrix coils and the GDC-
treated group. These angiographic outcomes are also consis-
tent with the rates of recanalization reported from previous
bare-platinum series.*>'>

Because the differences in the demographic variables had
the potential to affect the apparent relative successes of the coil
types, we performed a multivariable logistic regression analy-
sis to consider the potential confounding variables simulta-
neously and evaluate their relative importance. Coil type, pa-
tient age, aneurysm size, and aneurysm location (anterior vs
posterior circulation) were the independent variables, and
outcome was the dependent variable. Patient age, and aneu-
rysm size and location were statistically significant (Wald x?,
P =.005, P = .02, P = .04, respectively), and coil type was not
(Wald x% P =.31). Because this analysis will tend to adjust all
factors in relationship to each other, it confirms the previous
evidence that coil type is not a factor in the outcome of the
procedure.

The need for retreatment of an aneurysm was also recorded
and statistically compared as another metric of treatment ef-
ficacy, independent of the angiographic outcome on the
3-point scale. Table 5 summarizes retreatments. Overall, 21%
of the PGLA-treated group and 9% of the bare platinum-
treated group required retreatment. This result approached
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Table 6: Initial and final results of treatment (no. of aneurysms/%) during follow-up interval

Category of Matrix Coils Bare Platinum Coils

Aneurysm Initial Result Final Result Initial Result Final Result
0BL 23/28% 29/43% 32/40% 28/53%
Neck 30/37% 9/13% 30/38% 8/15%
Residual + recurrence 29/35% 30/44% 18/22% 17/32%

Note:—O0BL indicates obliterated.

Table 7: Evolution of final angiographic outcome based on initial
results (no. of aneurysms)

Matrix Bare Platinum
Coils Coils
OBL (23 aneurysms) 0BL (32 aneurysms)
0BL 14 0BL 19
Neck 1 Neck 2
Recurrence 3 Recurrence 0
No. retreated 2 No. retreated 0
Neck (30 aneurysms) Neck (30 aneurysms)
0BL 10 0BL 7
Neck 4 Neck 5
Recurrence 9 Recurrence 9
No. retreated 6 No. retreated 6
Residual + Recurrence Residual + Recurrence
(29 aneurysms) (18 aneurysms)
0BL 5 0BL 2
Neck 4 Neck 1
Recurrence 18 Recurrence 8
No. retreated 9 No. retreated 1

Note:—OBL indicates obliterated.
Number of aneurysms with final result is less than initial number as a result of patients
lost to follow-up.

but did not achieve a statistically significant difference
(P = .07). The difference did not approach statistical signifi-
cance when only the aneurysms treated with 100% Matrix
(19% retreatment) were compared (P = .24). It is important
to note that there was no statistically significant relationship
between the need for retreatment and the use of stent or bal-
loon remodeling (P = .75), though the numbers were small.

The evolution of angiographic outcome between the initial
posttreatment results and the final angiographic outcome is
also important. This is summarized in Table 7. There was no
statistically significant difference in the initial angiographic
outcome between the Matrix and GDC coils. A similar evolu-
tion in angiographic status during the follow-up interval oc-
curred in both groups: several aneurysms (37% for Matrix and
38% for GDC coils) graded as having “Neck” remnants went
on to be graded as either “Recurrences” or “Obliterated.” In
those aneurysms graded as “Obliterated” initially, 3 (13%) of
the Matrix-treated cases went on to have a recurrence, whereas
none of the GDC-treated cases had a recurrence. As stated
above, for a variety of reasons, not all those cases graded as
“Recurrences” were re-treated. In those aneurysms graded as
“Residual” initially, most in both groups were graded similarly
at last follow-up (“Residual/Recurrence”). A small number of
cases (5 [17%] in the Matrix group and 2 [11%] in the GDC
group) with “Residual” initially went on to have occlusions
and were graded as “Obliterated.”

Complications
Complications are summarized in Table 8. In the bare plati-

num-treated group, there were 7 treatment-related complica-
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Table 8: Complications

PGLA-Coated Coils
(7 patients)

Bare Platinum Coils

Complications (5 patients)

Retroperitoneal hemorrhage 1 2
Stretched coil

Parent vessel thrombus
CVA

Aneurysmal perforation
Death

Note:—PGLA indicates polyglycolic/polylactic acid; CVA, cerebrovascular accident.

— O NN B>
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tions in 5 (7%) patients. There were 2 retroperitoneal hemor-
rhages. One of these patients received a blood transfusion.
During attempted treatment in another patient, a coil was
stretched, which led to termination of the procedure. There
was one case of IA formation of a thrombus distal to the loca-
tion of the aneurysm that was treated with mechanical lysis
and prolonged heparinization without evidence of neurologic
deficit. One patient suffered a postoperative cerebral infarc-
tion from delayed thrombosis (4 days) of the posterior inferior
cerebellar artery after coiling of a ruptured aneurysm arising at
the origin of this vessel. One death resulted from perforation
of the aneurysm and hemorrhage during coiling of a ruptured
aneurysm of the basilar apex.

In the PGLA-treated group, there were 10 treatment-re-
lated complications in 7 (10%) patients. There were 4 in-
stances of a stretched coil, one of which was associated with TA
thrombus and required thrombolysis. The patient sustained
no adverse neurologic consequences. One patient had a mild
stroke presumed secondary to thromboembolic complica-
tions after an elective coiling. No device-related events oc-
curred in this patient. There was 1 retroperitoneal hemorrhage
that did not require a blood transfusion. One patient experi-
enced thromboembolic complications from partial distal mi-
gration of a coil during treatment. Attempts to remove the coil
were unsuccessful, and despite thrombolytic therapy, the pa-
tient sustained an infarct of the anterior and middle cerebral
arteries and died.

In our study, there were no cases of chemical meningitis or
excessive inflammatory response, as has been reported in a
previous study.'® None of the aneurysms were treated with a
combination of Matrix and other bioactive coils.

Discussion

There were statistically significant differences between the
groups in 3 baseline demographic variables: age, pattern of
circulation, and length of follow-up. We believe the small shift
toward older patients and a higher percentage in the anterior
circulation in the more recently treated cohort (Matrix coils)
may reflect the expanding indications for endovascular versus
open treatment that have taken place. The degree to which
follow-up angiograms were available deserves some comment.



There was follow-up information for 83% of patients in the
Matrix group, and for 66% of patients in the GDC group.
Overall, these rates are consistent with historical outcome
studies with the GDC coil and are equal or greater than several
recently published studies on bioactive coils.'”'® There was a
statistically significant longer interval of follow-up in the bare
platinum group. This interval was expected because the bare
platinum group was drawn from the year preceding the Matrix
group. Also, this interval would not affect the outcomes be-
cause there was no association between length of follow-up
and outcome (logistic regression, P =.94). There was also a
statistically significant difference among the percentage of
cases with 6-month follow-up between the groups. This dif-
ference was not enough to preclude meaningful statistical
comparison.

A variety of angiographic outcome scales have been used in
the past to assess the efficacy of coils. There are also a range of
opinions as to what constitutes a “treatment failure,” and all of
these may or may not impact the risk of aneurysmal rupture.
We have used a common angiographic outcome scale, which
did not demonstrate superiority of one coil type. Assessing the
need for retreatment is also valuable and, in this instance,
yielded evidence that bare platinum coils may be superior to
Matrix bioactive coils. Fiorella et al'® also recently reported a
similar rate of retreatment (13.8%) in a series of aneurysms
treated with Matrix coils.

Given the bioactivity of Matrix coils, one might hypothe-
size interval occlusion and obliteration of any amount of an-
eurysmal filling that is present initially after treatment. The
interval development of fibrosis at the neck of the aneurysm
during follow-up has been described.>® However, the acceler-
ated fibrosis and neointimal formation that have been seen in
an animal experiment'? did not translate into an observable
difference in angiographic outcomes in our patients. These
data also demonstrate the finding that, again, one of the most
significant predictors of ultimate angiographic outcome is the
initial treatment result.

The inclusion of both narrow and wide-necked aneurysms
as well as cases treated with the use of adjunctive devices such
as stents or balloon remodeling was intentional, given the ac-
crual of consecutive cases. This inclusion represents an accu-
rate cross-section and a significant percentage of treated cases
in our practice. Although not identical, we believe that the
techniques are comparable, and the number of cases treated
with either balloon remodeling or stent placement was similar,
as was the number of wide-necked (=4 mm) aneurysms in
each group. We believe our institutional comparison is valu-
able also because some historical bare platinum outcome se-
ries were before the routine use of adjunctive measures (either
balloon remodeling or stent-assisted coiling).

One weakness of our study was its research design. As-
signing patients treated in different periods to different coil
types resulted in differences in the demographics of the
patients in the different coil groups. We performed multi-
variable analysis in an effort to compensate for these differ-
ences. The ideal design for a study of this type would in-
volve random assignment to coil type, to remove any
association with time, patient, or physician. Such a design
would likely involve a multicenter, prospective setting and,
unfortunately, has not been feasible up to this point. A

prospective, randomized, multicenter, industry-sponsored
Matrix and Platinum Science (MAPS) Trial is planned and
may address these weaknesses in design.

Another criticism might be to question if the power of the
study was sufficient to demonstrate a difference, given these
rates of recurrence. The relatively small sample size is a weak-
ness in a negative study, but it is a minor one. Statistical power
is most important in negative studies in which there are clear
trends that do not achieve statistical significance. The out-
comes for the 2 coil types in our study were nearly identical; in
fact, the trivial differences tended to favor bare platinum coils.
Furthermore, multivariable analysis found 3 statistically sig-
nificant variables (patient age, aneurysm size, and circulation
pattern), so the failure of coil type to attain a statistically dis-
cernable result suggests that it can have, at most, very limited
influence on the outcome. These shortcomings of our study
aside, our analysis provided no evidence to support the hy-
pothesis that Matrix coils provide superior angiographic out-
comes compared with bare platinum coils.

Recently reported studies have demonstrated that treat-
ment with bioactive coils is feasible and can be performed
safely,'”'®*! that a greater packing attenuation can be
achieved with coated coils,”* and comparison of single-center
results are comparable to historical results with bare platinum
coils.'” However, there has not been a report showing superior
angiographic outcomes to bare platinum coils obtained with
any of the available bioactive coils. Multiple studies have dem-
onstrated only similar outcomes to historical results with bare
platinum coils,>>** and 1 group has reported a worse rate of
recanalization.”® In fact, Taschner et al*® recently reported a
20% rate of thromboembolic complications in their series of
patients treated with a combination of bare platinum and Ma-
trix coils. We did not find a statistical difference in the overall
rates of complications between the bare platinum and Matrix
populations (P = .88). In addition, our rate of thromboem-
bolic complications in both groups was consistent with that
reported previously.*”

It has been our experience, and as reported by others,*® that
the PGLA-coated coils are slightly more technically demand-
ing to use. The Matrix coils require an extra step of prepara-
tion and are slightly harder to visualize under fluoroscopic
guidance because of the relatively smaller amount of platinum
in the coil volume. In addition, they are stiffer and seem to
have more friction while in the delivery catheter and between
previously placed coils. They are also sold at a cost premium,
possibly because of an increased cost of production. It is im-
portant to emphasize that the coils evaluated in our study were
first-generation Matrix coils and that newer-generation Ma-
trix2 coils exist and may have yielded different results. The
primary modification made to the coils relates to a smoother
surface to the PGLA biopolymer coating and reduced coil-to-
coil friction (unpublished data from Boston Scientific). Al-
though these coils warrant further evaluation and will be eval-
uated in the MAPS trial, no studies have demonstrated
improved clinical outcomes with Matrix2 coils compared with
the first-generation Matrix coils.

Conclusion
Endovascular treatment of intracranial aneurysms with Ma-

trix PGLA-coated coils is feasible with similar rates of treat-
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ment complications with bare platinum coils. However, they
are significantly more costly and technically demanding to
use. On the basis of the current results as well as those reported

by others,

%22 there is insufficient evidence to justify these

disadvantages.
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