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SUMMARY: Second-generation coils have been available since 2002. We wanted to assess their
performance and appraise available evidence. Therefore we performed a systematic review of the
literature from 2002 to 2007. There were 27 studies with a total of 2390 patients that met pre-specified
inclusion criteria. All studies were classed as having a high risk of bias. There were no randomized trials
and for most studies results were not independently assessed and follow-up periods were short (mean
7 months). There were large differences in demographic and aneurysm characteristics, making
comparisons between coil cohorts difficult. Procedure-related morbidity and mortality were similar for
all coil types. Hemorrhagic events during follow-up were few, in the range of 1%/year for all coil types.
The available literature is of poor quality and clinical series provide very little evidence in favor of
second-generation coils. Positive randomized trial results are needed to justify routine clinical use. This
systematic review illustrates the failure of the industry, the regulatory authorities, and the neuro-
interventional community combined to provide a reliable and prudent approach to the introduction of
new devices.

Since 2002, several coil manufacturers have introduced a
variety of controlled detachment coil types specifically de-

signed “to promote aneurysm healing” following cerebral an-
eurysm coiling or to improve the durability and angiographic
results of coiling. Although they have been submitted to vari-
ous regulatory agencies as “similar to a predicate device,” once
on the market, these coils were often claimed to be substan-
tially different from or better than standard platinum coils.
These devices include coils using polyglycolic (PGA) or com-
bined polyglycolic/polylactic acid (PGLA), nylon/Dacron
(DuPont, Wilmington, Del)/PGLA fibers, and hydrogel coat-
ing. None of these products were subjected to randomized
controlled trial evaluation before being marketed extensive-
ly,1,2 and many were not even seriously tested in appropriate
animal models.3 Many were sold at a substantial cost premium
despite the lack of grade 1 evidence for equivalent safety, let
alone of improved efficacy compared with the proved bare
platinum coil technology.4,5 Several years later, randomized
controlled trials are underway, but it will be some months
before the first of these, the HydroCoil Endovascular Aneu-
rysm Occlusion and Packing Study trial,6 reports follow-up
results and approximately 1– 6 years before the others report.
In an effort to clarify and critically appraise the existing pub-
lished literature of case series, prospective single- or multi-
center studies, and national or international registries, we have
undertaken a systematic review. Such reviews reliably deter-
mine the quality and quantity of published work and can help
direct/prioritize future research.7

Materials and Methods

Search Strategy
We performed a systematic review of the literature (paper/electronic)

from 2002 to 2007 inclusive. A computerized search strategy of

MEDLINE and EMBASE databases was undertaken; this was sup-

plemented by hand searching of the 3 main journals in which most of

the studies identified by the database search were published (Ameri-

can Journal of Neuroradiology, Stroke, and Neuroradiology) and refer-

ence lists of identified articles. Keywords and free text searched

were the following: bioactive, Cerecyte, Matrix, HydroCoil, hydrogel,

hydrogel-coated coil, PGA, polyglycolic acid, PGLA, polyglycolactic

acid, fibered coil, Sapphire, and nexus in different combinations

(by using the Boolean operator OR) in conjunction with (Boolean

operator AND) the keywords “aneurysm” OR “coil,” The search

was then limited to adult humans and an English abstract. No addi-

tional reports were identified by hand searching of the journals.

Searching of reference lists identified 1 additional study. A second

author (J.R.) independently assessed the reproducibility of the search

strategy.

Eligibility
The prespecified primary inclusion criteria that a reference had to

meet were as follows: 1) the study evaluated coated-coil technology in

cerebral aneurysm coiling, 2) a study of �10 individuals; 3) a study

published in a peer-reviewed journal, and 4) an original study (not a

letter, review article, or editorial).

Data Extraction
All studies that met the primary criteria were then formally assessed,

and data were extracted by 1 of the authors (P.M.W.) by using a

standardized critical appraisal and data-extraction form (Fig 1). As a

validation of the data-extraction process, a second author (J.R.) re-

viewed a random sample of 20% of the studies. The second author

(J.R.) independently reviewed all the data extracted and assigned a

second score to each study.

The data-extraction form was subdivided into 3 basic sections: 1)

design and baseline population characteristics, 2) procedure, and
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3) outcomes. A score of 0 –3 (0 � inadequate data to assess, 1 � poor,

2 � acceptable, 3 � good) was assigned for each category (Fig 1). This

proforma method has been well described and enabled an objective

and reproducible assessment to be made of each article.7-10 The qual-

ity scoring system was intrinsically weighted so that some items on the

data-extraction form carried more weight than other items (Table 1).

Weighting was used because some items relate more strongly to the

reliability of results obtained than others—for instance, it is likely that

authors will reliably report the coil studied (low weighting) but inde-

pendent core lab assessment of angiographic outcomes is more reli-

able than operator self-assessment (high weighting).11 To score full

(3) marks in a category, a study had to meet most of the highly

weighted criteria and most of the lower weighted ones. To score 2 in a

category, a study had to meet a majority of the high- and some lower

weighted criteria and so on.

An additional score (0, 0.5, or 1) was assigned for “overall impres-

sion” based on how many of the following standards were judged to

have been met: adequate reference list, objective discussion, discus-

sion of limitations of the study, logical clear presentation of data,

providing numerators/denominators as well as percentages, placing

the study in context, and impact factor of the journal �1.8. The pos-

sible appraisal score was 0 –10, and a final percentage score was deter-

mined on the basis of the mean of the 2 quality scores awarded by the

reviewers. A score of �40% was required for inclusion. When the

reviewers’ disagreed on inclusion/exclusion, this disagreement was

resolved by a consensus review of the article and the data-extraction

forms. We did not set the bar for inclusion very high at all, and most

studies following the usual scientific conventions of data description

and presentation should have met these quality criteria.

Data Analysis
The following comparisons were made between the nonparametric

data on coated coil types (where sufficient data could be extracted) by

Publication Reference:                 

Number patients in study    Clinical status by WFNS Grade: 0 =        ; 1 or 2 =      ; 3 =      ; 4 or 5 =       ; 6 = Sex breakdown          Age breakdown 

Number aneurysms in study           Aneurysm profile: Ruptured    [      %]  Unruptured          [     %]         Distribution of aneurysms described 

Aneurysm sizes:  Small =        [    %]; Medium =        [    %]; Large =        [    %]; Giant =        [    %]; 

Inclusion & Exclusion criteria adequately stated  Study consent/IRB etc. described  Unaccounted for patients?    

      
Procedural Details

Coated coil used:      Proportion exclusively treated with CC:   [    %] Packing Density (mean/median):              

         

Assist device usage:  Overall =         [     %]; Stent =        [     %] ; Balloon =       [     %]; Other =       [     %] 

            

Periprocedural complications: Overall Cx rate resulting in permanent deficit =   [     %] Mortality rate =     [     %]       Combined M/M rate =   [     %] 

Perforation rate =          [    %]; T-Embolic event rate =          [    %]; Coil migration rate =          [    %]; Hydrocephalus rate =          [    %]; 

Angio outcome:  Montreal grade: 1 =             [     %]; 2 =             [     %]; 3 =             [     %]; 1/2 =             [     %] 

Results Data

Independent assessment of  angio outcome:    Independent assessment of  clinical outcome: 

Angiographic follow –up:  % with f’up =   Mean / Median follow-up (months) =    Rebleed rate =      [       %] 

Montreal grade: 1 =             [     %]; 2 =             [     %]; 3 =             [     %]; 1/2 =             [     %] 

Clinical follow up: Scale used =      Proportion with dichotomised good outcome =     [     %] 

Aneurysm retreatment rate [up to 2 years]:  actually reRx or advised/planned =             [     %] 

QS Demographic data                      QS Procedural data                 QS Results data  Overall Imp score (0-1) QS >4 ? 

[3 = Good; 2 = Adequate; 1 = Poor; 0 = inadequate data to assess] 

Fig 1. Data extraction proforma.

Table 1: Data extracted from studies meeting primary inclusion
criteria

Section/Subsection Category Weighting (Low/High)
Design, baseline data

No patients, aneurysms in study L
Clinical status (WFNS) L
Age/sex demography L
Aneurysm location L
Study inclusion/exclusion criteria H
Consent/ethics described H
Rupture/unruptured L
Size composition of aneurysms L

Procedural data
Coils assessed L
Exclusive coiling with coated coil L
Packing density L
Assist-device usage H
Detail of procedural complications H
Procedural angio result H

Outcome data
Independent angio assessment H
Independent clinical assessment H
Proportion with angio follow-up H
Duration of angio follow-up L
Detail on clinical tool, results L
Angio results H
Rebleed rate L
Aneurysm retreatment rate H

Note:—H indicates high; L, lower weighting; WFNS, World Federation of Neurosurgeons.
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using the �2 test or, when appropriate, the Fisher exact test: demo-

graphic and aneurysm characteristics, procedural complication rates

resulting in permanent morbidity/mortality (combined rate), clinical

outcomes, angiographic incomplete occlusion rates on follow-up, an-

eurysm rebleeds, and retreatment rates. Due to the marked heteroge-

neity and uncontrolled nature of the data, a P value of � .01 was

prespecified to indicate a statistically significant difference (rather

than the more commonly quoted P � .05).

Results
Results of the computerized search of EMBASE and MED-
LINE are given in Table 2. Two hundred twenty-eight refer-
ences for “coated” coil used in cerebral aneurysm treatment
were identified by the search strategy. Removing duplicates
and irrelevant references, such as letters or editorials or other
reports that did not meet the primary inclusion criteria, left 32
studies to be critically reviewed. The sensitivity of the elec-
tronic search strategy was 97% (it identified 31/32 studies).

Of these studies, 15 were on Matrix (PGLA-coated coils
from Boston Scientific, Natick, Mass),12-26 11 were on hydro-
gel-coated coils (HydroCoil embolic system; MicroVention,
Aliso Viejo, Calif),27-37 1 was on both hydrogel and Matrix,38 2
were on Sapphire fibered coils (ev3, Irvine, Calif),39,40 and 3
were on Cerecyte (PGA-coated coils; Micrus, Sunnyvale, Cal-
if).41-43 The study on PGLA- and hydrogel-coated coils was
excluded because it was impossible to separate information on
the 2 coil types from bare platinum data, let alone from each
other; thus in terms of results by coated coil, it was impossible
to assess. One study on PGLA scored 30% and was excluded, 1
short report on PGA-coated coils scored 30% and was ex-
cluded, and 1 early technical report on hydrogel-coated coils
scored 20% and was excluded. One fibered coil article was a
similar series from the same unit, so the report focused on
fibered coils was the 1 formally reviewed. In just 1 case (3%),
the reviewers disagreed on inclusion/exclusion, and this dis-
agreement was resolved by a consensus review with an agree-
ment not to include it. The other 26 studies were included.
Median quality assessment scores for included studies were
60% (range, 45%–90%) with no difference in median scores
between studies on different coil types.

PGLA-Coated Coils (Matrix)
Fourteen studies on 1119 patients and 1215 aneurysms treated
by using PGLA-coated coils were included. (See Table 3 for a
summary of the major aneurysm demographics and proce-
dural safety results and Table 4 for angiographic data.) A de-
tailed breakdown by clinical grade was provided in 8 studies.
Among the 393 patients with subarachnoid hemorrhage
(SAH) in these 8 studies, 245 (62%) had good grades (World
Federation of Neurology [WFNS] or Hunt and Hess [HH]
scale grade 1 or 2). Size categorization of aneurysms was quite
variable among studies. However, in 9 studies, it was possible
to categorize aneurysms into the following 3 size groups: �10
mm, 10 –25 mm, and �25 mm. There were insufficient data to
categorize aneurysms regarding neck size. Only 4 studies as-
sessed packing density, and the median packing density was
32% (range, 29%– 40%). Nine studies reported stent-device
usage, and 9 studies reported balloon-remodelling use (data
derived from 10 studies in all)—Table 3.

All 14 studies reported complications to some extent,
though data were quite limited in 2 of them. No studies re-
ported hydrocephalus. For the purposes of the systematic re-
view, periprocedural coil migration events are included with
thromboembolic complications. Many of these did not result
in a clinical event, or even if they did, the events were transient.
Therefore, procedural complications resulting in a permanent
deficit are given as a separate category in Table 3.

Eight studies reported rebleeding—Table 5. There were 7
rebleeds from the target aneurysm (coiled with PGLA-coated
coils), all occurring within 1 year of the procedure. Unfortu-
nately, it was not possible to calculate this by ruptured/unrup-
tured status because there were insufficient data presented
separately on these groups in the studies. Eight studies re-
ported aneurysm retreatment following coiling—Table 5. The
retreatment group did include some giant aneurysms, which
are highly likely to recur following endovascular treatment.
The precise number of retreatments of giant aneurysms could
not be extracted and quantified from the published data.

Eight studies formally reported clinical outcomes by using
a recognized outcome scale (Modified Rankin Scale [mRS] in
3, Glasgow Outcome Scale [GOS] in 4, and both in 1).

Hydrogel-Coated Coils (HydroCoil)
Ten studies on 687 patients and 720 aneurysms were included.
(See Table 3 for a summary of the major aneurysm demo-
graphics and procedural safety results and Table 4 for angio-
graphic data.) A breakdown by clinical grade was provided in
only 5 studies. Among the 211 patients with SAH in these 5
studies, 116 (55%) had good grades (WFNS or HH scale
grades 1 or 2). Again, size categorization of aneurysms was
quite variable among studies. However, in 6 studies, it was
possible to categorize aneurysms into the following 3 size
groups: �10 mm, 10 –25 mm, and �25 mm. There were in-
sufficient data to categorize aneurysms regarding neck size.
Seven studies assessed packing density, and the median pack-
ing density was 68% (range 50 – 85%). Seven studies (not the
same 7), including 576 aneurysms, reported assist-device us-
age—Table 3. All 10 studies reported complications (Table 3).
Four studies reported hydrocephalus, though the degree of
detail provided varied. In these 4 studies, there were overall 10
cases of hydrocephalus reported in 285 patients (3.5%), and

Table 2: Results of computerized search strategy*

Search Term
MEDLINE

References
EMBASE

References
Bioactive 5 5
Cerecyte 6 5
Fibered 2 11
GDC fibered 0 0
Hydrogel 12 19
HydroCoil 21 21
Matrix 47 53
Nexus 0 0
Nylon 1 2
PGLA or PGA 7 7
Sapphire 2 2

Note:—GDC indicates Guglielmi detachable coil; PGLA, polyglycolic/polylactic acid; PGA,
polyglycolic acid.
* NB search terms were combined with �aneurysm� OR �coil� and limited to the years
2002–2007 inclusive in human subjects and English-language publications.
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overall just over half (145/285) of the patients presented with a
ruptured aneurysm. However, it was not possible to extract a
breakdown of hydrocephalus by rupture status in most of
these series. Nine studies reported rebleeding—Table 5. There
were 3 cases, all occurring within 1 year of the procedure.
Unfortunately it was not possible to calculate this by ruptured/
unruptured status because there were insufficient data pre-
sented separately on these groups in the studies. Nine studies
reported aneurysm retreatment following coiling—Table 5.
Although this retreatment group did include some giant an-
eurysms, as for PGLA coils, the precise figure could not be
quantified from the published data. Only 2 studies formally
reported clinical outcomes by using a recognized outcome
scale (mRS in both).

PGA-Coated Coils (Cerecyte)
Two studies on 121 patients with 123 aneurysms treated by
using PGA-coated coils were included. (See Table 3 for a

summary of the major aneurysm demographics and proce-
dural safety results and Table 4 for angiographic data.)
Among the 98 patients with SAH in these 2 studies, 71
(72%) were in grades (WFNS or HH scale grade 1 or 2).
Neither study reported packing density. Both studies men-
tioned stent usage but gave no data on other assist devices.
Only 1 of the 2 studies gave a more detailed breakdown on
procedural complications, though both presented data on
thromboembolic complications (Table 3). No rebleeds
were reported up to 6 months. Only 1 study reported the
retreatment rate following coiling, and this was low at 1 case
(1.8%) by 6 months. Neither study reported clinical out-
comes using a recognized outcome scale.

Fibered-Controlled Detachment Coils
Only 1 of the fibered-controlled detachment coil studies was
included. This included 463 patients with 474 aneurysms
treated by fibered-controlled detachment coils. No articles,

Table 3: Principal aneurysm demographic data and procedural safety results

PGLA Coated Hydrogel Coated PGA Coated Fibered

Num/Denom (%) Num/Denom (%) Num/Denom (%) Num/Denom (%)
Ruptured aneurysms 728/1215 (60) 353/720 (49) 98/123 (80) DNE
Aneurysm size Given in 11/14 studies Given in 6/10 studies Given in 1/2 studies 474 aneurysms
Small/medium (�10 mm) 745/899 (82.9) 233/343 (68) 67/68 (98.5) 99 � 5 mm (23.5)
Large (10–25 mm) 149/899 (16.6) 92/343 (27) 1/68 (1.5) 316 � 5–25 mm (75.1)
Giant (�25 mm) 5/899 (0.6) 18/343 (5) 0/123 (0) 6 (1.4)
Overall assist device use 215/957 (22) 132/576 (23) DNE DNE
Stent 113/942 (12) 50/132 (9) 5/123 (4) NS
Balloon 102/957 (11) 81/132 (14) NS NS
Other 0/957 (0) 1 (0.2) NS NS
Procedure-related morbidity, mortality rate 53/1199 (4.7) 20/687 (2.9) 3/67 (4.5) 25/463 (5.4)
Permanent procedural morbidity 41/1199 (3.4) 18/687 (2.6) 0/67 (0) 18/463 (3.9)
Procedure-related mortality 12/1199 (1.1) 2/687 (0.3) 3/67 (4.5) 7/463 (1.5)
Aneurysm perforation 29/1215 (2.5) 9/720 (1.3) 3/67 (4.5) NS
Thromboembolic event 129/1215 (10.6) 50/720 (6.9) 12/123 (9.8) 38/474 (8)
Hydrocephalus NS 10/285 (3.5) NS NS

Note:—Num/Denom indicates numerator/denominator; NS, not stated; DNE, data not extractable.

Table 4: Angiographic outcomes

Procedural Angio Result

PGLA Coated Hydrogel Coated PGA Coated Fibered

Num/Denom (%) Num/Denom (%) Num/Denom (%) Num/Denom (%)
Montreal grade 1 or 2 946/1178 (80) 614/716 (86) 120/123 (98) 452/476 (95)
Montreal grade 3 232/1178 (20) 102/716 (14) 3/123 (2) 22/476 (5)
Proportion with angio control 668/1215 (55) 490/720 (71) 101/123 (82) 156/474 (33)
Mean duration of follow-up 7.6 (months) 7.5 (months) 6 (months) 6 (months)
Control angio result
Montreal grade 1 or 2 503/668 (75) 407/490 (83) 91/101 (90) (71) grade 1
Montreal grade 3 165/668 (25) 83/490 (17) 10/101 (10) (29) grade 2/3

Table 5: Outcomes

PGLA Coated Hydrogel Coated PGA Coated Fibered

Num/Denom (%) Num/Denom (%) Num/Denom (%) Num/Denom (%)
Clinical outcome reported 8/14 studies 2/10 studies 0/2 studies 1/1
Good outcome rate 307/495 (62) 58/63 (92) NS 353/463 (76)
Rebleeds 7 in 8 studies 3 in 9 studies 0 in 2 studies NS
Rebleed rate (% pa) 7 in 432 years of follow-up (1.6) 3 in 256 years of follow-up (1.2) 0 in 51 years of follow-up (0) NS
Aneurysm retreatment 63 in 8 studies 13 in 7 studies 1 in 1 study DNE

By total aneurysms 63/634 (10) 13/400 (3) 1/55 (2)
By aneurysms followed up 63/472 (13) 13/268 (5) 1/55 (2)

Note:—pa indicates per annum.
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other than an earlier report of the series of this center, were
identified that met the systematic review primary inclusion
criteria (cutoff date the end of 2007). Data on fibered and bare
platinum coils were frequently combined in this article, so it
was not possible to extract data on the proportion of patients
with ruptured aneurysms treated with fibered coils or on the
clinical grade. The aneurysm demographic/procedure data
that could be extracted for the cohort of 463 patients treated
with fibered coils are presented in Table 3. Angiographic data
are presented in Table 4, and clinical outcome data (GOS), in
Table 5. With regard to angiographic follow-up, a striking
finding in this study was that the rate of follow-up was so
different for aneurysms treated with bare platinum and fi-
bered coils at 60% and 33%, respectively. No explanation or
comment on this marked discrepancy was given. Also the
Montreal grade44 1, 2, and 3 results were presented separately
for immediate procedural results, but then grades 2 and 3 were
combined for follow-up, so it was not possible to present fol-
low-up angiographic data as for the other coated coil types—
dichotomized into complete/near-complete occlusion versus
incomplete. No extractable data were presented on rebleeding
or on aneurysm retreatment.

Comparisons between Coated-Coil Cohorts
Demographic and Aneurysm Characteristics. There were

extreme differences in the proportion of ruptured/unruptured
aneurysms as well as in the sizes of treated aneurysms among
the amalgamated series of studies of various coils (P � .001).

Procedure-Related Combined Morbidity/Mortality
Rates. These morbidity/mortality rates varied from 2.9% to
5.4%, but none of the differences were statistically significant
by the prespecified definition for the systematic review (P �
.01).

Clinical Outcomes. There was a significant difference
among hydrogel-coated coils (92% good outcome) and PGLA
(62% good outcome, P � .0003) and fibered coils (76% good
outcome, P � .004). The difference between fibered coils and
PGLA was also statistically significant (P � .01). However,
only a small number of studies reported outcomes, especially
for hydrogel-coated coils.

Immediate Angiographic Results. There were large differ-
ences in the immediate angiographic results reported between
PGA-coated coils and hydrogel-coated coils, as well as be-
tween PGA-coated and PGLA-coils (P � .001).

Angiographic Follow-Up Outcomes. There was no signif-
icant difference in the proportion of aneurysms incompletely
coiled on angiographic control between hydrogel-coated coils
(17%) and PGA-coated coils (10%) (P � .1). There was a
significant difference in incomplete rates between hydrogel
(17%) and PGLA (25%) (P � .001) and also between PGA-
coated (10%) and PGLA-coated coils (25%) (P � .001).

Rebleeding Rates. Data were just too limited for PGA and
fibered coils to make any comparisons of rebleeding rates.
There was no significant difference between PGLA- (7 in 665
patients reported) and hydrogel-coated coils (3 in 503 patients
reported) (P � .4).

Retreatment Rates. There was a significant difference be-
tween retreatment rates in hydrogel-coated (5%) and PGLA-
coated coils (13%) (P � .0003) but not between hydrogel-
coated (5%) and PGA-coated coils (2%) (P � .3); the

significance of the difference between PGA- and PGLA-coated
coils was borderline (P � .01).

Discussion
First, we need to issue a strong “health warning”: These data
were extracted from uncontrolled mostly self-assessed case se-
ries and are, at best, exploratory. Far from guiding clinical
actions, they can be used only to provide hypotheses for future
trials. There were extreme differences in patient and aneurysm
characteristics, in study methodologies (generally poor), and
quantities of data between studies and cohorts, so these results
must be viewed with considerable caution. In particular, the
amalgamated coil series were vastly different for many risk
factors that are believed to have impact on procedural and
periprocedural morbidity and mortality and on initial and fol-
low-up angiographic results, including the proportion of rup-
tured/unruptured cases, the number of aneurysms in various
size categories, and the proportion of patients followed up.44

Very incomplete data were available on assist-device usage.
Furthermore, there was considerable inconsistency in the data
reported (demonstrated by the varying numbers of studies
reporting the different outcomes assessed and thus the varying
denominator values in Tables 3–5). One particularly disap-
pointing feature was the overall low level of clinical and angio-
graphic follow-up reported. It is clearly unacceptable that the
overall angiographic follow-up rate reported on these new un-
proven technologies was so low at 56% and the duration of
follow-up, so short at 7.3 months.

None of the data published on coated coils to the end of
2007 were from randomized controlled trials. This in itself is
an indictment of the state of scientific evidence in the neu-
rointerventional field, despite the good example set early on in
the coiling experience by the International Subarachnoid An-
eurysm Trial (ISAT),4,5 albeit things are now improving. The
absence of control groups and the lack of randomization are
not the sole deficiencies identified. By the Cochrane review
methodology, all studies reviewed were classified as level C
with a high risk of bias.9 Only 3 studies (9%) had any indepen-
dent assessment of outcomes (2 studies on hydrogel-coated
coils and 1 on PGLA coils had an independent core lab). Only
6/26 studies had a quality score above 60%, and 9/26 had a
score of �50%. Only 1/26 studies had a domain score of 3
(good) in �1 data category, despite a very generous review/
scoring policy.

Despite the avowed aims of assessing “safety and efficacy,”
none of the series attempted to prespecify 1 or more research
questions that would 1) allow an estimate of the sample size
necessary to answer these questions, 2) control the error that
would come with the data, and 3) set a limit to the claims of the
conclusions. Claims of efficacy and safety are unsubstantiated
and based on series too small to conclude anything with any
confidence. More disturbing, in the light of current policies
regarding clinical research involving human subjects, is the
fact that though most authors would acknowledge the lack of
evidence regarding the safety and efficacy of the new material
in the introduction of their report, they would still proceed
with an uncontrolled study (which could be called an “exper-
iment”) on their patients. In most cases, this was done without
any statement regarding a submission to ethics review and
without, presumably therefore, obtaining a specific research-
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related informed consent from participants, which would ac-
knowledge that the authors were trying a new material with
unknown risks. This may perhaps be explained by confusion
between using devices that have passed arbitrary (and often
deficient) regulatory requirements and what it is ethical to do
in clinical practice and research. The systematic review only
represents a very small proportion of patients who have been
submitted to the new materials over a 5-year period, without
any clear evidence of benefit. This leads to a feeling of disquiet,
to say the least, once the reader realizes that dozens of institu-
tions and physicians were simultaneously performing poorly
planned “experiments,” without any possibility of providing a
convincing answer to important clinical questions and mostly
without consulting and collaborating with each other. One
must come to the conclusion that neurointerventionists, as a
group of clinicians respectful of their patients, must find a way
to do things better.1-3,45

So if it is a case of generally poor data in, is it necessarily
poor data out and thus a waste of time doing a systematic
review? Is it possible to turn the flock of ugly ducklings into
swans?

Because the structured quality assessment process, by using
a specially designed data-extraction form, results in an objec-
tive measure of study quality, the method itself provides a
useful analysis of existing literature.46 There are moderately
large numbers of patients/aneurysms to draw on (2390/2532,
respectively) from nearly 30 peer-reviewed studies. Despite
many limitations, a systematic review methodology may allow
a useful overview of new-device use and some comparisons to
be made, though one must be disciplined to refrain from hasty
conclusions. So, if anything can be said about this literature,
how do the coated-coil technologies compare? Due to the lim-
itations of the raw data, we are here condemned to proceed
with questionable comparisons and extrapolations, attempt-
ing to adjust for various risk factors purported to have an
impact on complications and recurrences.

Overall procedural morbidity/mortality rates are compara-
ble at 2.9%–5.4% and are reassuringly in line with those from
the bare platinum literature and early randomized controlled

trial evidence for coated coils.4,6,44,47-50 The fluctuations be-
tween coated-coil types in perforation and thromboembolic
complication rates are modest and likely to represent statisti-
cal noise (because numbers are rather small), the presence of
heterogeneity, or bias. One must remember that very large
controlled trials are necessary to exclude a clinically significant
difference in events with such a low frequency. Hydrocephalus
was reported for hydrogel-coated coils in only 4/10 studies (at
a 3.5% rate overall) but was just not mentioned in any studies
on the other coated coil types. Therefore, the systematic review
can add no useful information on the relationship between
coated coils and hydrocephalus rates. Given the discrepancies
between case series and the fact that divergences for various
risk factors can pull in different directions, trying to adjust for
heterogeneity becomes a highly speculative endeavor. We have
attempted to provide comparisons between coils by using
“virtual control” platinum groups adjusted for only 1 factor,
the size categories. Most studies of angiographic remnants/
recurrences in bare platinum coils indicate rates of 15%–19%
by 6 months and approximately 20% by 18 months with far
higher rates in large than in small aneurysms.44,47-54

Thus Fig 2 is a comparison between the observed results for
coated-coil cohorts and the expected results for bare platinum
coils for similar aneurysm-size cohorts—the “virtual control”
platinum groups, with the assumption made for bare plati-
num coils of a 15% recurrence rate for small/medium aneu-
rysms, a 30% recurrence rate for large aneurysms, and a 50%
rate for giant aneurysms. Again one must remember that
this is not hard evidence, but extrapolation. An increased
prevalence of large/giant aneurysms would be expected to re-
sult in higher recurrence and retreatment rates because it has
been demonstrated that lesions prone to recurrence such as
these have a 34%–50% recurrence rate.44 Conversely, series of
smaller aneurysms were also prone to include a larger pro-
portion of ruptured aneurysms, another risk factor for recur-
rences.47,48 Despite the very different aneurysm size profiles,
the angiographic follow-up results for hydrogel- and PGA-
coated coils compared with bare platinum are similar (Fig 2).
In comparison, PGLA coils, with an in-between aneurysm size
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Fig 2. Incomplete occlusion rate observed with coated coils by comparison with the incomplete occlusion rate expected for a “virtual series” of bare platinum coils in a size-matched
aneurysm cohort.
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profile, had significantly lower complete/near-complete oc-
clusion rates. However, the marked disparities between the
aneurysm cohorts may account for most of the differences
despite the calculated P values; the cohorts are particularly
discrepant between PGA-coated coils and the others.

The retreatment rate is a relatively hard end point. An an-
eurysm either has been retreated or it has not. However, re-
treatment policies do vary substantially between units.55,56

Due to the heterogeneous mix of aneurysms and the wider use
of assist devices in the systematic review, it is not possible to
draw any meaningful comparisons with the ISAT data on re-
treatment rates (where retreatment in the endovascular arm
was 11% at 1 year but in a very different aneurysm popula-
tion).4,5,55 The retreatment rate in aneurysms followed up was
13% for PGLA, 5% for hydrogel, and 2% for PGA. The prob-
lem of not comparing like with like in uncontrolled series
means that the significantly lower retreatment rate for hydro-
gel- and PGA-coated coils compared with PGLA-coated coils
needs to be viewed with skepticism. On the flawed evidence to
date, overall the retreatment rate with coated coils seems to be
little/no improvement over bare platinum despite advances in
coil technologies (complex shapes, coils of varying softness)
and access/assist devices all aimed at reducing recurrence and
retreatment rates. Explanations for this might include the facts
that early PGLA studies were on the Matrix Version 1, which
was undoubtedly more difficult to use and pack with than the
revised Version 2, and that early hydrogel studies used the
much more limited range of hydrogel-coated coils then avail-
able, which were stiffer and harder to obtain gel-neck cover-
age—a factor linked to outcome in 1 independently assessed
registry study.27

Reassuringly, reported rebleed rates in the patients with
SAH were low, which is in line with the bare platinum coiling
literature,2,55,56 albeit follow-up in the coated-coil data is lim-
ited to the first year or less. There was no appreciable differ-
ence among coil types for which data were available, but only
19/26 studies documented rebleeds.

Limitations of the Current Study
One limitation is that only articles published in peer-reviewed
journals were included in the systematic review, thus intro-
ducing publication bias. Our original intention was to include
unpublished literature by approaching authors of abstracts on
coated coils presented at major international neuroradiology
congresses for additional information and original data. In
contrast to the registration process for randomized trials (so
one can accurately search for those not published), there is no
register of registries let alone of prospective and retrospective
case studies, so we could not assess at all the validity or preci-
sion of any search for unpublished data. Therefore, it was ex-
tremely uncertain how representative of unpublished data this
strategy would be.

A second limitation is that only the English language was
searched. However, many reports of new technologies in non-
English language journals eventually appear in English lan-
guage ones.8,10 Also until late 2006, many coated coils were
either not available or not widely used in major countries,
including Japan, China, and India. Many non-English Euro-
pean journals publish abstracts or dual publish in English, and
thus, the article could be picked up by the search strategy used.

Conclusions
The published literature to the end of 2007 provides no high-
quality (grade A or B) evidence for the safety or efficacy of
bioactive/coated coils. Conversely, there is little indication
that coated coil technologies are associated with increased
procedural complications but also little evidence for any ap-
preciable improvement in angiographic outcomes. This solid
randomized controlled trial evidence with independently as-
sessed outcomes is urgently needed. Until available, it is the
authors’ opinion that these coils should be used sparingly, if at
all, outside an ethically and scientifically approved random-
ized trial (or in exceptional circumstances in other ethically
approved studies with independent outcome assessment and
informed patient consent). This review clearly demonstrates
the past failure of the device industry, the regulatory authori-
ties, and the neurointerventional community combined, to
provide a prudent approach to the introduction of new tech-
nologies and to obtain reliable knowledge on new devices, and
it provides a good illustration of the hype effect.57 As a com-
munity of physicians and allied professionals, we must find
ways to coordinate our efforts to progress in a more scientific
and ethical manner for the ultimate benefit of our patients.
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