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Hydrogel-coated coils versus bare platinum coils for the
endovascular treatment of intracranial aneurysms (HELPS):
a randomised controlled trial

Philip M White, Stephanie C Lewis, Anil Gholkar, Robin J Sellar, Hans Nahser, Christophe Cognard, Lynn Forrester, Joanna M Wardlaw, for the
HELPS trial collaborators*

Summary

Background Coated coils for endovascular treatment of cerebral aneurysm were developed to reduce recurrence and
retreatment rates, and have been in clinical use for 8-9 years without robust evidence to determine their efficacy. We
assessed the efficacy and safety of hydrogel-coated coils.

Methods This randomised trial was undertaken in 24 centres in seven countries. Patients aged 18-75 years with a
previously untreated ruptured or unruptured cerebral aneurysm of 2-25 mm in maximum diameter were randomly
allocated (1:1) to aneurysm coiling with either hydrogel-coated coils or standard bare platinum coils (control).
Randomisation was done with a computer-generated sequence, stratified by aneurysm size, shape, and dome-to-neck
ratio; intention to use assist device; and by region. Participants and those assessing outcomes were masked to
allocation. Analysis was by modified intention to treat (excluding missing data). Primary outcome was a composite of
angiographic and clinical outcomes at 18-month follow-up. We also did prespecified subgroup analyses of
characteristics likely to be relevant to angiographic outcome. This study is registered as an International Standard
Randomised Controlled Trial, number ISRCTN30531382.

Findings 249 patients were allocated to the hydrogel coil group and 250 to the control group. In 44 of 467 patients
for whom an 18-month composite primary outcome was unavailable, 6-month angiographic results were used.
70 (28%) patients in the hydrogel group and 90 (36%) control patients had an adverse composite primary outcome,
giving an absolute reduction in the proportion of adverse composite primary outcomes with hydrogel of 7-0%
(95% CI -1-6 to 15-5), odds ratio (OR) 0-73 (0-49-1-1, p=0-13). In a prespecified subgroup analysis in recently
ruptured aneurysms, there were more adverse composite primary outcomes in the control group than in the
hydrogel group—OR 2-08 (1-24-3-46, p=0-014). There were 8.6% fewer major angiographic recurrences in
patients allocated to hydrogel coils—OR 0-7 (0-4-1-0, p=0-049). There were five cases of unexplained hydrocephalus
in not-recently-ruptured aneurysms in the hydrogel coil group and one case in the control group.

Interpretation Whether use of hydrogel coils reduces late aneurysm rupture or improves long-term clinical outcome
is not clear, but our results indicate that their use lowers major recurrence.

Funding MicroVention Inc.

Introduction

After the international subarachnoid aneurysm trial
(ISAT), which showed better outcomes with endovascular
coiling than with neurosurgical clipping for the treatment
of intracranial aneurysms, endovascular coiling is the
preferred treatment for many patients.”” The technique
for endovascular coiling is described in the webappendix
(p 1); see also webvideos 1-4). Although aneurysm clipping
is a much more invasive procedure, aneurysm remnants
or recurrences and the need for retreatment are more
common after endovascular coiling than after clipping.>**
Major aneurysm recurrences (aneurysm incompletely
occluded on follow-up imaging) occur after coiling in
15-19%**" of patients by 3—-6 months after treatment,
rising to 21% at a mean of 16 months after treatment.*
Therefore, follow-up imaging beyond 6 months is
mandatory and important for the ongoing management
of patients.?
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The risk of haemorrhage from an aneurysm after
coiling is very low at 0-12-0-4% per year.**"° Retreatment
rates after coiling are also low at 9-11% per year.*® This
low event rate means that randomised trials to assess
whether a refinement of technology improves outcomes
(especially haemorrhage) would need an unfeasibly large
study population for what is, compared with cardiological
interventions, a relatively low volume procedure. A
surrogate endpoint for coiling outcome is therefore
needed to assess whether technical advances improve
outcomes." Major (angiographic) recurrence is a clinically
relevant surrogate because angiographic follow-up directly
affects management of patients. Major recurrence is
associated with an increased risk of bleeding, and can
lead to retreatment and more intense or extended imaging
surveillance.*®" An intervention that substantially
reduced major recurrence rate would be expected to
reduce the already low rebleed and retreatment rates® and
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reduce the intensity and duration of imaging surveillance,
which would be of clear benefit to patients and health-
care systems." The externally validated angiographic scale
(Montreal scale) used to assess recurrences in the
Hydrocoil Endovascular aneurysm occLusion and Packing
Study (HELPS) trial has high reproducibility and good to
very good interobserver agreement (with mean k for
3 point Montreal scale of 0-67).*"

Coated coils for aneurysm treatment have been in
clinical use for 8-9 years at a much increased cost
compared with bare platinum coils, and without robust
evidence of their safety and effectiveness.” The hydrogel-
coated coil we used in HELPS was designed to improve
aneurysm packing by coils, aiming to improve aneurysm
stability and aneurysm neck healing,** with the added
advantage of the use of substantially shorter coil length
(webappendix p 3). We aimed to establish whether use of
hydrogel-coated coils for treatment of intracranial
aneurysms improves outcomes compared with use of bare
platinum coils.

Methods

Patients

Patients were enrolled into HELPS, a pragmatic, multi-
centre, randomised controlled trial from 24 centres in
seven countries (UK, USA, Brazil, Germany, Australia,
France, and Argentina). Patients were eligible for
inclusion if they presented with a previously untreated
cerebral aneurysm measuring 2-25 mm in maximum

| 499 randomly allocated |

2439 allocated to hydrogel group |

| 250 allocated to control group

v

7 crossed over to control 2 crossed over to hydrogel
,-p| 2o coil deployed (but procedure ‘_ N 1 no coil deployed (but procedure €~
: started) started) :
3 coiling procedure not started 1 coiling procedure not started
1 withdrew consent
A 4 A 4
236 received allocated coil | | 246 received allocated coil
6 refused angiographic follow-up* 4 refused angiographic follow-up*
11 lost to follow-up * 5 lost to follow-up*
3 procedure-related morbidities 1 procedure-related morbidities
8 procedure-related mortalities ] B 6 procedure-related mortalities
1 morbidity unrelated to procedure* 1 morbidity unrelated to procedure*
3 mortalities unrelated to procedure® 1 mortality unrelated to procedure*
A 4 A 4

217 angiographic follow-up results available |

| 232 angiographic follow-up results available

v

228 primary 6-18 month follow-up data
analysed (modified intention to treat)

239 primary 6-18 month follow-up data
analysed (modified intention to treat)

Figure 1:Trial profile

Only 12 of 24 centres kept a comprehensive eligibility log. These 12 centres randomly allocated 355 of
499 participants, assessing 1785 patients for eligibility and excluding 1430 for the following reasons: 563 did
not meet inclusion criteria, 48 declined to participate, 819 for other reasons. *Excluded from the modified

intention-to-treat analysis.
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diameter, were aged 18-75 years, were deemed by the
neurovascular team to need coiling, were not pregnant,
had a World Federation of Neurosurgeons grading
between 0 and 3,* had anatomy such that endovascular
occlusion was judged possible, had not previously been
enrolled into the trial, and if the neurointerventionalist
who would do the surgery was content to use either
bare platinum or HydroCoil Embolic System (HES;
MicroVention Inc, Tustin, CA, USA) coils. Patients
were excluded if they had more than one aneurysm
requiring treatment at one procedure. All patients
gave written informed consent or, if they could not
give consent, written assent was obtained from their
next of kin. This trial had UK Multicentre Research
Ethics Committee approval and all centres had local
ethics approval.

Randomisation and masking

The online, computer-generated random allocation
schedule was run from the coordinating centre
(Edinburgh, UK) and was stratified by aneurysm size,
shape, and dome-to-neck ratio; intention to use assist
device; and by region. The information technology
manager at the University of Edinburgh Division of
Clinical Neurosciences developed the website and
randomisation programme under instruction of trial
statistician. The online system ensured allocation was
concealed before the decision to randomise. Groups were
balanced with minimisation criteria.” For information
about minimisation criteria and assist devices see
webappendix (p 4).

Masking of the interventional team to the randomly
allocated treatment was not possible. Patients were
masked to allocation unless they specifically requested
otherwise. Digital copies of angiogram images were sent
to the trials office for collation then sent in batches to
assessors at the independent core laboratory (CHUM
Research Centre, Notre-Dame Hospital, Montreal,
Canada) for analysis, who were masked to both treatment
allocation and treatment received. The core laboratory
assessed angiograms according to the revised three-
point Montreal scale (complete, near complete, or
incomplete occlusion) with a major remnant or
recurrence defined as one sufficiently large enough to
technically allow placement of further coil(s).* Because
the smallest coils available were 2 mm in diameter, not
every incomplete occlusion would be large enough to be
classed as major recurrence.

Procedures

Detailed information about the coiling procedure is
reported elsewhere.” For patients allocated to the HES
group, a guideline target hydrogel usage was prespecified
(webappendix p 5). Detailed information about baseline
demographics, data handling, and coiling are shown
elsewhere.” To check validity of these data, the trial
manager compared case records with patients’ original
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medical notes in a random 10% sample (selected with a
computer-generated programme) and detected no
substantial discrepancy.

The primary outcome measure was the proportion of
patients with major aneurysm recurrence on follow-up
angiography at 18 months after treatment. Procedure-
related deaths and morbidity that resulted in patients not
having follow-up angiography were also counted as
adverse primary outcomes, making the primary trial
endpoint a composite of angiographic and clinical
outcomes. A composite angiographic and clinical end-
point was used rather than an angiographic endpoint
alone because some patients die or are left so disabled
after coiling or subarachnoid haemorrhage that follow-
up angiography is not appropriate. When angiographic
results at 18 months were not available, a patient’s
angiographic result at 6 months was used instead.

Secondary outcomes were clinical outcome at 3 months
and 18 months after treatment (as measured by the
modified Rankin Scale [MRS)]), rebleed and retreatment
rates, and aneurysm packing density. Calculation of
aneurysm packing density was done with aneurysm
volume (as calculated by the core laboratory) and the
online angiocalc programme. MRS assessment at
3 months and 18 months was by a postal questionnaire
completed by patients or, if patients were unable to
complete the questionnaire themselves, by their main
carer, and was independent of the interventional team.
Rebleed was defined as any bleed from a target aneurysm
that occurred after completion of the initial coiling
procedure (including first Dbleeds occurring after
treatment in previously unruptured aneurysms).
Retreatment was classified as any further treatment
procedure on a target aneurysm. We also did a post-hoc
analysis of the frequency of hydrocephalus in unruptured
aneurysms, a possible complication of coiling that
emerged after the trial started.®*

Statistical analysis

The planned study size was 500 patients, which we
calculated assuming that the proportion of patients with
major aneurysm recurrence on follow-up angiography
would be 20%? in the bare platinum group and 10% in the
HES group; a 10% reduction in major recurrence rate
being regarded as of clinical significance. This size
provided an 80% chance of detecting this treatment
difference at the 5% level. Clinical experience and the very
few randomised trials done suggested that some patients
would be lost to follow-up or would refuse imaging follow-
up. To allow for these losses, we assumed a worst-case
scenario of 10% for dropout from angiographic follow-up,
crossovers to the other treatment group, and non-
compliance for other reasons. Data were analysed by the
trial statistician and reviewed in strict confidence by the
independent data monitoring committee (Hull, UK) three
times during the trial (webappendix p 6).

Primary analysis was a comparison between treatment
groups of the proportion of patients who had a primary
outcome adverse event (composite of angiographic and
clinical), with logistic regression adjusted for aneurysm
size, neck size, rupture status, aneurysm shape, and
planned use of assist device. Data were analysed
according to the groups in which patients were originally
allocated, irrespective of the treatment they actually
received. We removed patients with missing outcome
data from the primary outcome analysis (modified
intention-to-treat analysis) but did a sensitivity analysis
to assess the effect of missing data. The proportion of
patients who had a major aneurysm recurrence at the
end of follow-up (angiographic outcome) was compared
between the two treatment groups. A per-protocol
analysis was also done, excluding patients who were
enrolled into the trial but did not meet the inclusion
criteria, who crossed over to the other treatment group,
or in whom the coiling procedure was not done. We did

Modified intention-to-treat analysis Per-protocol analysis
Hydrogel-coated  Control (n=250) Hydrogel-coated  Control (n=247)
coils (n=249) coils (n=234)
Good
No major aneurysm recurrence on angiographic follow-up 158 (64%) 149 (60%) 151 (65%) 149 (60%)
Adverse
Major angiographic aneurysm recurrence 59 (24%) 83 (33%) 57 (24%) 83 (34%)
No angiographic follow-up because of procedural morbidity 3(1%) 1(<1%) 3(1%) 1(<1%)
No angiographic follow-up because of procedural mortality 8 (3%) 6 (2%) 8 (3%) 5(2%)
Total composite adverse outcome 70 (28%) 90 (36%) 68 (29%) 89 (36%)
Other
No angiographic follow-up because of morbidity unrelated to procedure 1(<1%) 1(<1%) 1(<1%) 1(<1%)
No angiographic follow-up because of mortality unrelated to procedure 3 (1%) 1(<1%) 3 (1%) 1(<1%)
Missing
Refused or lost to angiographic follow-up 17 (7%) 9 (4%) 11 (5%) 7 (3%)
Data are n (%). In 44 patients, 6-month angiographic results were used because 18-month angiogram was not done or available.
Table 1: Angiographic and clinical composite outcomes at 18 months
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6-month outcomes used
when 18-month outcomes
were missing

18-month outcomes only

Odds ratio (95% Cl) pvalue  Odds ratio (95% Cl)  pvalue
Unadjusted (missing excluded) 0-70 (0-47-1-05) 0-08 0-73 (0-50-1-08) 011
Adjusted* (missing excluded) 0-69 (0-45-1-05) 0-08 0-73 (0-49-1-10) 013
Unadjusted (missing counted as adverse)  0-88 (0-62-1.26)  0-50 0-85 (0-59-1-22) 038
Adjusted* (missing counted as adverse) 0-88 (0-62-1-27) 0-50 0-85(0-58-1-23) 038
Unadjusted (missing counted as good)t ~ 0-66 (0-44-0-97)  0-03 0-70 (0-48-1-01) 0-06
Adjusted* (missing counted as good)t 0-63 (0-42-0-95) 0-03 0-68 (0-46-1-01) 0-05

*Adjusted for aneurysm size, neck size, rupture status, aneurysm shape, and planned use of assist device. tGood
primary outcome is defined as patient having no major angiographic recurrence on follow-up imaging at 18-months.

Table 2: Sensitivity analyses on the composite primary outcome

Hydrogel (n/N) Bare platinum (n/N) OR (95% Cl) p value
Rupture status
Unruptured 75/105 (71%) 85/111 (77%) 0-77 (0-42-1-41)
0-014
Ruptured 83/123 (68%)  64/128 (50%) _I_ 2:08 (1-24-3-46)
Aneurysm size (mm)
2:0-4-9 27/38 (71%) 27/39 (69%) 1.09 (0-41-2-90)
5-0-9-9 103/134 (77%) 90/136 (66%) 1.70(0-99-2:90) 0-458
10-0-24-9 28/56 (50%) 32/64 (50%) 1.00 (0-49-2-05)
T T 1
01 1 10
Favours Favours

bare platinum coils  hydrogel-coated coils

Figure 2: Subgroup analysis of angiographic and clinical composite outcomes at 18 months after treatment
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prespecified subgroup analyses of characteristics likely
to be relevant to angiographic outcome. The primary
outcome was compared for subgroups by aneurysm size
and rupture status, meeting of target HES use (versus
not meeting target HES use), and use of an assist device.
Subgroup analyses were done with logistic regression,
by examining the change in log likelihood when an
interaction term was added. SAS version 9.2 was used
for statistical calculations.

This study is registered as an International Standard
Randomised Controlled Trial, number ISRCTN30531382.

Role of the funding source

Neither sponsor nor funder had any part in trial design,
data collection, analysis, or reporting, which were
organised by the steering committee. The correspond-
ing author had full access to all the data in the study
and had final responsibility for the decision to submit
for publication.

Results

Patients were randomly assigned to treatment between
September 13, 2004, and February 21, 2007 (figure 1).
12 centres kept detailed eligibility logs, which showed
that 20% of screened patients were included in this trial,
which is consistent with similar trials.* One patient was

inadvertently enrolled twice, and the second entry is not
included in analyses. Patients’ baseline characteristics
and clinical demographics and protocol deviations,
including crossovers and withdrawals, are presented
elsewhere.” One patient with a giant aneurysm included
in allocation analysis was excluded from the per-protocol
analysis. 467 (94%) of 499 patients had their composite
primary outcome analysed. Angiographic follow-up was
available for 449 (91%) of 491 patients who received a coil;
median angiographic follow-up was 17-4 months
(IQR 12-6-19-6) in the HES group and 17-5 months
(IQR 15-2-20-0) for controls; 6-month results were used
for 44 patients.

An adverse composite primary outcome was more
likely in the control group than in the HES group, but
the difference was not statistically significant. Primary
outcome data were not available for 32 patients (21 in
the HES group and 11 controls; table 1). Exclusion of
these patients gave an absolute difference in the
proportion experiencing the primary outcome of 7-0%
(30-7% in the HES group vs 37-7% in controls; 95% CI
-1.6% to 15-5%. The adjusted odds ratio [OR] for
adverse composite primary outcome was 0-73 (95% CI
0-49-1-13, p=0-13; table 1). Unadjusted sensitivity
analyses gave very similar results to adjusted results
(table 2). Patients with ruptured aneurysms in the HES
group had better primary outcomes at 18 months than
did such patients in the control group (figure 2). Analysis
of the medium-sized aneurysm subgroup showed a
non-significant trend towards reduced adverse
composite primary outcome in the HES group
(figure 2).

Fewer patients in the HES group had a major
recurrence (59 of 217 patients with follow-up data) than
did control patients (83 of 232 patients with follow-up
data), giving an absolute difference in the proportion of
8-6% (OR 0-7, 0-4-1-0, p=0-049; table 1).

We recorded no statistical difference in the proportion
of patients who were dead or dependent (MRS =3) at
18 months between the HES group (39 [15-7%]) and
control group (32 [12-8%] (table 3); the difference was
2-9% (-3-3% t0 9-0%, p=0-36). Three deaths occurred in
the subgroup with a not-recently-ruptured target
aneurysm (ie, not ruptured within 30 days of random-
isation; one in the HES group and two controls), all of
which were related to complications during or after the
procedure. 21 patients in the not-recently-ruptured
subgroup had poor clinical outcomes (MRS 3-5). Of
these, 12 were in the HES group (six were unrelated to
coiling of target aneurysm, four were definitely or
probably related to coiling or persisting symptoms from
aneurysm, one was possibly related to coiling or persisting
symptoms from aneurysm, and one was of unknown
cause) and nine were controls (four were unrelated to
coiling, four were definitely or probably related to coiling
or persisting symptoms from aneurysm, and one was
possibly related to coiling or persisting symptoms from
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Data are n (%). *Death.

All patients Target aneurysm ruptured within 30 days  Target aneurysm not ruptured within 30 days
Hydrogel-coated coils ~ Control (n=250) Hydrogel-coated coils ~ Control (n=133) Hydrogel-coated coils  Control (n=117)
(n=249) (n=132) (n=117)

0 87 (35%) 79 (32%) 39 (30%) 33 (25%) 48 (41%) 46 (39%)

1 60 (24%) 70 (28%) 33 (25%) 39 (29%) 27 (23%) 31(26%)

2 46 (19%) 54.(22%) 28 (21%) 34 (26%) 18 (15%) 20 (17%)

3 20 (8%) 17 (7%) 12 (9%) 11(8%) 8 (7%) 6 (5%)

4 5(2%) 4(2%) 3(2%) 2 (2%) 2 (2%) 2(2%)

5 3(1%) 3(1%) 1(1%) 2(2%) 2(2%) 1(1%)

6* 11 (4%) 8 (3%) 10 (8%) 6 (5%) 1(1%) 2(2%)

Missing 17 (7%) 15 (6%) 6 (5%) 6 (5%) 11(9%) 9 (8%)

Table 3: Independently assessed modified Rankin score at 18 months

aneurysm). Therefore, combined MRS 3-6 in patients
with not-recently-ruptured target aneurysms with coiling-
related symptoms or persisting aneurysm symptoms was
between 11 and 14 of 234 (4-7-6-0%) with no difference
between treatment groups.

We noted two cases of rebleeds or bleeds from target
aneurysms, one in each treatment group (webappendix
p 7). No target aneurysm rebleeds were recorded in the
recently ruptured subgroup. There were two cases (both
controls) in which a patient presented with subarachnoid
haemorrhage and only one aneurysm was identified on
digital subtraction angiography. The target aneurysm
was coiled uneventfully in both cases. However, both
patients had another subarachnoid haemorrhage within
2 weeks and on further imaging a second, recanalised,
aneurysm was seen, which was presumed to have been
the actual source of haemorrhage in both cases.

In the per-protocol analysis, 7 (3%) of 236 patients in
the HES group and 8 (3%) of 246 patients in the control
group had retreatment. One patient who crossed over
from the HES group to the control group was re-treated
(with inclusion of crossovers, the re-treatment rate in
the control group was nine [4%] of 253 patients). The
median time to re-treatment was 212 days (IQR 182-287)
in the HES group and 229 days (IQR 183-284)
for controls.

Greater aneurysm packing density was achieved in the
HES group (median 63-9%, IQR 43-2-89-4) than in
controls (23-2%, 16-8-32-8; p<0-0001). Table 4 shows
the relation between composite primary outcome and
whether or not target use of hydrogel to coil aneurysm
was reached in the hydrogel group. It indicates that when
this guideline target was met, good outcome was
significantly more likely than in control group (OR 1-6,
95% CI 1-0-2-5).

Overall, use of an assist device did not affect the
composite primary outcome (table 5). Complications
relating to assist devices are presented elsewhere.”

We recorded six cases of unexplained hydrocephalus in
not-recently-ruptured target aneurysms; five in the HES

www.thelancet.com Vol 377 May 14, 2011

group and one in the control group. Mean time to
presentation was 13-2 months (SD 4-1). Four of five HES
cases were large aneurysms as was the sole control. Five
were basilar tip aneurysms (all >8 mm diameter; four of
five >12 mm in maximum diameter). One patient (in the
HES group) had a posterior communicating artery
aneurysm (>12 mm). Four further cases of hydrocephalus
in not-recently-ruptured target aneurysms were explicable:
two by procedural rupture (control), one by bleed from
another aneurysm (control), and one by stroke with mass
effect (HES). Overall, therisk of unexplained hydrocephalus
in not-recently-ruptured target aneurysm was 4-5% (five
of 110) in the HES group and 0-9% (one of 112) in the
control group, HES seemed to increase hydrocephalus
risk, but not significantly so (OR 5-3, 95% CI 0-6—46).

Data are n/N (%). N/A=not applicable.

Good outcome* 0dds ratios (95% ClI)
compared with controls
HES, target met 120/165 (73%) 1.6 (1.0-2'5)
HES, target not met 31/54 (57%) 8(0-4-1.5)
HES, final coil used was a hydrogel-coated coil 102/151 (68%) 12 (0-8-1.9)
HES, target met and final coil used was hydrogel coated 84/120 (70%) 4(0-9-2-2)
Controls 149/238 (63%) N/A

Table 4: Composite primary outcome by hydrogel treatment achieved (per-protocol analysis)

Absolute difference
(95% C1)

Hydrogel- Control (%)

coated coils (%)
Assist device used 70/102 (69%) 69/109 (63%)
No assist device used 87/125 (70%) 80/130 (62%)
Assist device (acutely ruptured aneurysm) 20/30 (67%) 16/34 (47%)
No assist device (acutely ruptured aneurysm)  63/93 (68%) 48/94 (51%)
Assist device (unruptured aneurysm) 50/72 (69%) 53/75 (71%)
No assist device Junruptured aneurysm) 24/32 (75%) 32/36 (89%)

5:3% (7-4 10 18-1)
81% (-3-6t019-7)
19-6% (-4-2 to 43-4)
16-7% (2-8 10 30-5)
-12% (-16-0 t0 13-6)
-13-9% (-321t0 4-3)

Data are n/N (%), unless otherwise stated. *Good primary outcome is defined as “patient has no major angiographic
recurrence on follow-up imaging at 18-months” (with 6-month data for missing values).

Table 5: Composite primary good outcomes by use of assist device
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Hydrocephalus rate in ruptured aneurysms was 18-7% in
the HES group and 15- 2% in controls, with no late delayed
cases reported.”

Discussion

We recorded no significant difference between patients
in the HES and control groups when assessing the
primary outcome—a composite of major angiographic
recurrence and clinical status. However, when assessing
only angiographic recurrence (on which the trial was
powered), we recorded fewer angiographic recurrences
in the HES group than in controls.

We noted little difference in clinical outcomes, bleed or
rebleed, and re-treatment rates between the two treatment
groups. As expected, the number of rebleed or re-treatment
events within the short follow-up was small. We recorded
two significant findings in subgroup analyses: reduced
adverse composite primary outcome in the HES group
compared with controls in ruptured aneurysms, and
reduced adverse composite primary outcome when target
use for HES was met. The medium-sized aneurysm
(5-9-9 mm) subgroup seemed to have reduced adverse
composite primary outcome in the HES group, but this
was not significant (figure 2). Significantly greater
aneurysm packing density was achieved with HES, though
the volumetric packing density calculation assumes full
hydrogel expansion, which might not occur in vivo, so
packing density results should be viewed cautiously.

Clinical outcomes in patients with ruptured aneurysms
were encouraging, with good outcome (MRS 0-2) at

Panel: Research in context

Systematic review

We did a systematic review of studies of coated coils

for cerebral aneurysm treatment from 2002 to 2007.2

We searched for full papers reporting case series,
randomised clinical trials, and meta-analyses. Prespecified
quality criteria were used to critically appraise reports.

We identified no previous meta-analysis or randomised
controlled trial that assessed either the safety or efficacy
of coated coil technologies.

Interpretation

Pre-existing studies of coated coil technologies were of poor
quality but did not show any safety concerns. Conversely,
there was no clear evidence for improved effectiveness

to justify their introduction into routine clinical practice.

Our results are consistent with the findings of a systematic
review with respect to safety, with no evidence recorded

of worse clinical outcomes in patients treated with
hydrogel-coated coils compared with patients treated with
control bare platinum coils. The HELPS trial provides evidence
for increased efficacy for hydrogel-coated coils, with a lower
major angiographic recurrence rate and improved composite
primary outcome in the subgroup of acutely ruptured
aneurysms with hydrogel coiling.

18 months in 81% of patients. Before HELPS, no
randomised trial of coiling of unruptured intracranial
aneurysms was reported (panel). We recorded low
mortality in patients with a not-recently-ruptured target
aneurysm at 18 months. In HELPS, adverse clinical
outcomes attributable to the coiling procedure in patients
with not-recently-ruptured target aneurysms are very
similar to a systematic review,” which showed
4-5% procedural morbidity and mortality, although the
review used data from self-assessed, non-randomised
studies. The overall all-cause clinical adverse outcome
rate in not-recently-ruptured target aneurysms in HELPS
at 18 months (24 of 234 [10-3%)), is similar to the adverse
outcome rate in the endovascular cohort of the
International Study of Unruptured Intracranial
Aneurysms (ISUIA) at 1 year (43 of 451 [9-5%)]).”
However, outcomes in ISUIA are not directly comparable
with outcomes in HELPS because ISUIA assessments
were done by investigators from recruiting centres” and
self-assessment of outcomes (as done in ISUIA) can
result in lower morbidity and complication rates.**

In HELPS, there were more missing primary outcomes
in the HES group than in the control group on an
allocated-treatment basis. Although some of these
outcomes were missing for reasons unrelated to
treatment, reasons are not known for all patients. Some
patients could have had long term adverse effects from
hydrogel coils that we are unaware of. Sensitivity analyses
(table 2), however, indicated that these missing data
would not have affected the overall trial outcome.

Major angiographic recurrence rate was higher than has
been reported in other studies*”*—36% in HELPS controls
(27% in the HES group) versus 20% expected (10%
predicted for the HES group). If the absolute difference
remains constant as the proportion of outcomes rises
(from 0-2 to 0-36), which seems to be the case, there is a
loss of power on the odds scale used in the regression
analyses. Had the relative difference remained constant as
outcome rate rose, the difference between groups would
have been significant (for primary composite outcome).
This effect has resulted in an underpowered trial.

We noted a non-significant difference in the number of
unexplained cases of hydrocephalus in patients with
unruptured intracranial aneurysms between the HES
group and the controls. HELPS indicates that risk of
hydrocephalus could be more related to the site and size of
an aneurysm than to any other factor—unexplained
hydrocephalus in our trial occurred mostly in unruptured
basilar tip aneurysms of more than 12 mm in maximum
diameter, but these data should be interpreted cautiously
because assessment of hydrocephalus was not a
prespecified analysis. For such aneurysms coiling is
preferable because of the perceived neurosurgical risk of
clipping.>” But in view of these data, risk of hydrocephalus
should be considered before coiling large unruptured
posterior circulation aneurysms. The underlying cause for
such hydrocephalus is unclear. A mechanical effect from
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basilar artery dolichoectasia impressing into the floor of
the third ventricle was postulated in the 1960s as a cause of
hydrocephalus.” Coiling of a large basilar tip aneurysm
could possibly cause a similar effect, because coiling can
cause aneurysm expansion.*” An alternative hypothesis is
that an inflammatory response is generated by thrombus
within a coiled aneurysm, causing local swelling and
mechanical obstruction (again potentially explaining
predilection for the basilar tip) or a communicating
hydrocephalus.®® The larger the aneurysm and the more
complete the occlusion, the more thrombus is trapped
within the aneurysm and thus the greater the inflammatory
response generated.” The cause of such hydrocephalus
certainly merits investigation.

Because the procedures were done in HELPS without
constraints on type of bare platinum coil or assist device,
patients with ruptured and unruptured aneurysm were
included, and the trial inclusion criteria were broad, the
results of this trial are generalisable to the wide range of
patients and aneurysms encountered in routine practice.
More high-quality data on coiling assist techniques and
unruptured aneurysms are urgently needed.
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