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Review of 2 Decades of Aneurysm-Recurrence Literature,
Part 1: Reducing Recurrence after Endovascular Coiling
E. Crobeddu, G. Lanzino, D.F. Kallmes, and H.J. Cloft

ABSTRACT
SUMMARY: Angiographic recurrence following endovascular therapy is an indirect measure of the potential for hemorrhage. Because
patients and physicians consider recurrence to be a suboptimal outcome with some chance of future hemorrhage, much effort has been
expended to reduce the incidence of recurrence. The literature regarding aneurysm recurrence following endovascular therapy, spanning
2 decades, is extensive. We will review and summarize the effort to reduce recurrence following endovascular treatment of cerebral
aneurysms.
ABBREVIATIONS: CI ⫽ conﬁdence interval; HEAL ⫽ HydroCoil for Endovascular Aneurysm Occlusion; HELPS ⫽ HydroCoil Endovascular Aneurysm Occlusion and Packing
Study; ISAT ⫽ International Subarachnoid Aneurysm Trial; MAPS ⫽ Matrix and Platinum Science; PGA ⫽ polyglycolic acid; PGLA ⫽ polyglycolic/polylactic acid

D

etachable coils have been used for 2 decades to treat cerebral
aneurysms from an endovascular approach. Aneurysm recurrence has been noted to be a problem since the earliest application of this technology.1 While endovascular coiling of cerebral
aneurysms has been a great medical advance, the issue of recurrence represents a major limitation. Because aneurysm recurrence
is the primary weakness of endovascular coiling relative to surgery, much of the research regarding the endovascular treatment
of aneurysms has been directed at the topic of aneurysm recurrence and its prevention. In this review, we summarize this literature regarding the effort to reduce the rate of recurrence in patients with aneurysms treated with the endovascular approach.

RECURRENCE FOLLOWING PLATINUM COIL
TREATMENT
A wide range of recurrence rates for aneurysms treated with platinum coils has been reported in the literature. This literature can
be confusing for numerous reasons. The period of follow-up varies among studies, and patients are often lost to follow-up. Furthermore, type and size of the aneurysms considered, imaging
technique, and the definition of recurrence itself vary a great deal
in published studies. Although there is much variation in methods used to assess and report recurrence rates, some clinically
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relevant trends are apparent. In large heterogeneous groups of
patients with intracranial aneurysms treated with coil embolization, overall recurrence rates of 15%–34% have been reported.2-4
A recent meta-analysis of recurrence rates determined that aneurysm recurrence occurred in 20.8% (95% CI,19.8%–21.9%) and
retreatment was performed in 10.3% (95% CI, 9.5%–11.0%).5
Recurrence rates clearly vary with aneurysm size and neck size.
Murayama et al2 reported an overall recurrence rate of 5% for
aneurysms of 4 –10 mm with a neck of ⱕ4 mm. For aneurysms of
4 –10 mm with a neck of ⬎4 mm, the recurrence rate increased to
20%. Large aneurysms (10 –25 mm) have been reported to have a
recurrence rate of 35%–50%.2,3 The recurrence rate for giant aneurysms has been reported to be 59%– 87%.2,6
Recurrence rates are affected by rupture status.3,7,8 Unruptured aneurysms of ⬍9 mm have been reported to have a recurrence rate of 7% as opposed to ruptured aneurysms of the same
size, which had a recurrence rate of 17%.7
Degree of completeness of aneurysm occlusion at the time of
initial treatment is related to recurrence.3,9-12 As a corollary, aneurysm packing attenuation of ⬎18%–24% has been reported to
lead to a reduced recurrence rate.13-15 One large series, however,
reported no relationship between packing attenuation and recurrence.16 Packing attenuation measurements are somewhat difficult to reliably obtain because measurements of aneurysm volumes are fraught with error, especially for aneurysms with
complex shapes.17 Increasing packing attenuation probably decreases the recurrence rate to some extent, but the effect of increasing packing attenuation probably plateaus at some point
above 20%. As aneurysm size increases, packing attenuation
achievable with endovascular coiling tends to drop substan-

tially,18 which may, in large part, account for the increased recurrence rate in larger aneurysms.
Since the advent of endovascular coiling of cerebral aneurysms, operators have tried to pack aneurysms as densely as
possible with coils. However, it is critical to balance the tendency to maximize packing attenuation with the potential risks
of perforation or parent artery compromise with each additional coil. Expansion of coil choices has probably improved
the ability of physicians to pack more coils into a given aneurysm. Balloon remodeling probably leads to higher packing
attenuation,19 as does adjunctive stent placement, which is discussed below.
The impact of location on the probability of recurrence is still
unclear. Several studies showed no significant difference between
anterior and posterior circulation.3,7,20 However, other studies
conducted exclusively on the posterior circulation indicated
higher incomplete occlusion, late reopening, and high retreatment rates.5,10,21-23 This conflicting information has been attributed to differences in evaluation methodologies and case mixtures. Bias may be a factor in that large and wide-neck anterior
circulation aneurysms that have a higher propensity to recur are
more frequently referred for surgery than posterior circulation
aneurysms with such unfavorable morphology.24
There appear to be multiple mechanisms underlying recurrence. Coil compaction may occur from poor aneurysm packing
or it may accompany aneurysm growth.25 In ruptured aneurysms,
coils may extrude through the wall and into the subarachnoid
space26 recanalizing portions of the aneurysm. In aneurysms with
intraluminal thrombus, coils can gradually penetrate into the
thrombus, resulting in restoration of flow into the aneurysm
lumen.27

TECHNOLOGY TO REDUCE RECURRENCE AND
REHEMORRHAGE
Our knowledge of the potential for angiographic recurrence following endovascular coiling has led to much research aimed at
developing devices that result in fewer recurrences. These have
taken several forms and are discussed below.

Modiﬁed Coils
To reduce the problem of aneurysm recurrence after bare platinum coil embolization, “modified coils” such as “bioactive” coils
or coils coated with PGA, PGLA, and hydrogel were introduced.28
The concept behind these coated coils has been to promote neointimal formation with subsequent fibrosis obliterating the neck
of the aneurysm and/or to increase packing attenuation. The literature on the development and early clinical experiences with
modified coils was reviewed in 2009,29 but in the past 2 years, the
results of important multicenter studies on the efficacy of some of
the coil modifications have become available.
Matrix coils (Stryker, Boston, Massachusetts) are coated with
PGLA. The MAPS trial was designed to clarify whether there is a
real difference in recurrence rates between Matrix coils and platinum coils. Immediate occlusion rates and recurrence rates were
not significantly different between Matrix and bare platinum
coils.30

Cerecyte coils (Codman and Shurtleff, Raynham, Massachusetts) have a PGA filament running through the lumen of the
primary platinum wind of the coil. In December 2007, a randomized controlled trial testing Cerecyte-versus-bare-platinum coils
was initiated.31 Angiographic occlusion rates were quite similar
(85% in the Cerecyte group versus 87% in the bare platinum
group) with a retreatment rate of 4% at 6 months following
treatment.31
Another coil incorporating PGLA is the Nexus coil (ev3, Irvine, California), which has interwoven PGLA filaments attached.
These have not been subjected to a randomized trial, but a single
center study of 101 patients indicates that this coil did not favorably impact recurrence risk.32
HydroCoils (Terumo, Somerset, New Jersey) are platinum
coils with an expanding hydrogel coiling, intended to increase
packing attenuation33 but also found to promote tissue growth
across the neck in rabbits.34 The HEAL registry, a multicenter
nonrandomized prospective study of patients treated with HydroCoil, investigated the safety and effectiveness of HydroCoils in
patients with ruptured and unruptured intracranial aneurysms.35
The overall recanalization rate was 28.1%, including a major recanalization rate of 19.2%. The recanalization rate increased with
larger aneurysm sizes: Small aneurysms had a recanalization rate
of 8%; large aneurysms, of 43%, while the recanalization rate in
giant aneurysms was as high as 80%. There was suggestion of a
benefit from HydroCoils in that patients treated in HEAL demonstrated a reduced recurrence rate when ⬎75% of the coil length
used was HydroCoil and when the final coil was HydroCoil.35
HEAL did not show a direct correlation between packing attenuation and recurrence rates.35 When the packing attenuation was
ⱖ50%, the recurrence rate was 19%, whereas for packing attenuation ⬍50%, the recurrence rate was 18%, suggesting that the
improvement in recurrence rates with increased packing attenuation plateaus somewhere below 50%
HELPS was a randomized multicentric trial comparing patients whose aneurysms were treated with HydroCoil with those
treated with bare platinum coils.36 In the HELPS trial, the “major”
recurrence rate at 18 months was 24% for aneurysms treated with
HydroCoil versus 34% for those treated with bare platinum coils,
yet the retreatment rate was only 3% for aneurysms treated with
either type of coil.36 Communicating hydrocephalus (diagnosed
after a mean interval of 13.2 months) occurred in 5 patients
treated with HydroCoil but in only 1 patient treated with bare
platinum coils (P ⫽ .012).36 In the Cerecyte trial, the retreatment
rate was only 4% at 6 months for patients with ruptured aneurysms treated with either platinum coils or Cerecyte coils,31 which
compares favorably with the 17% retreatment rate at 12 months
in the ISAT trial.21 These findings suggest that retreatment rates
have fallen considerably during the years between the completion
of ISAT enrollment in 2002 and the completion of Cerecyte enrollment in 2009 (Table).
Another type of coil modification is to engineer different
shape configurations and softness of platinum, which may allow
higher packing attenuation.37-40 However, no high-quality data,
to our knowledge, are available to support the clinical efficacy of
this appealing theoretic concept.
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Retreatment rate in multicenter trials
Randomized Controlled Trials
Enrollment
(follow-up period)
Period
1994–2002
ISAT59 (12 mo)a
HydroCoil, HELPS36 (18 mo)
2004–2007
2005–2009
Cerecyte31 (6 mo)a
Matrix, MAPS30 (12 mo)
2007–2009
a

Retreatment
(%)
17%
3%
4%
10%

Ruptured aneurysms only.

Stent-Assisted Coil Embolization
Since 2002, stents have been available as an adjunct to coils for the
treatment of intracranial aneurysms. Several studies have reported instances of progressive occlusion of aneurysms treated
with stents.12,41-44 Certainly, stent placement allows treatment of
aneurysms that could not be treated with coils alone. As with
balloon remodeling, stent placement allows operators to safely
place coils that could not be placed without these adjunctive techniques, thus increasing packing attenuation. It has been proposed
that stent-assisted coiling may decrease the rate of aneurysm recurrence after endovascular embolization.45 However, to evaluate
the real impact of this adjunct on recurrence rates, a study comparing stent-assisted coil embolization with coil embolization
alone for matched aneurysms would be necessary. In a series of 46
wide-neck aneurysms treated with adjunctive stent placement reported by Biondi et al,46 the overall recurrence was 18.2% with a
retreatment rate equal to 15.2% at a mean of 8.8 months of followup. In a single-center series comparing outcomes for aneurysms
treated with and without adjunctive stent placement, angiographic recanalization rates at an average time of 15 months were
lower in the stented group (8.1%) compared with the nonstented
group (37.5%; P ⬍ .001).47
Another single-center study found no significant difference in
recurrence rates between patients coiled with adjunctive stent
placement and those coiled without stent placement,48 which may
have been due to achievement of similar high packing attenuation
by using the double-microcatheter technique and balloon remodeling in the patients not treated with stent placement. Stent placement might offer an indirect mechanism of reducing aneurysm
recurrence by allowing greater packing attenuation.49 It remains
unclear whether any improvement in long-term angiographic
outcome is related to the placement of the stent itself or the improvement in coil placement afforded by the stent.
The use of stents in ruptured aneurysms is relatively contraindicated by the need for antiplatelet therapy with aspirin and clopidogrel.50 However, Tahtinen et al51 showed that stent-assisted
coil embolization could be considered a feasible endovascular
treatment option for ruptured wide-neck intracranial aneurysms
that are difficult to treat with balloon-assisted embolization or
surgical ligation.

Flow Diversion
A new generation of flexible self-expanding microcatheter-delivered stentlike devices with high metal surface area coverage is now
available.52 Flow diverters achieve aneurysm occlusion by endoluminal reconstruction of the vessel wall of the parent artery.
Shifting the blood flow away from the aneurysm neck, this device
promotes the thrombosis of the aneurysm. In this way, recanalization could be avoided because the stability of the device within
268
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the parent artery establishes a stable hemodynamic environment
that is less subject to displacement by blood flow. Complete angiographic occlusion was achieved in 56% and 95% of aneurysms
at 3– 6 and 12 months of radiologic follow-up.53 The incidence of
hemorrhage after flow diversion was 2% in a prospective series.52
Aneurysm rupture occurring after flow diversion is usually catastrophic because of pretreatment with aspirin and clopidogrel
that will be maintained for 3– 6 months.
Immediate angiographic occlusion occurs in only 8%–21% of
cases,54-56 but occlusion rates progress to as high as 95% at 1 year
after treatment.55 While residual aneurysms do occur following
flow-diversion therapy, recurrence and regrowth of aneurysms in
the same manner that occurs following endovascular coil treatment have not been reported. However, late hemorrhages have
been reported in some cases, including exceptionally delayed
hemorrhages up to 5 months after flow diversion.57,58 As with
adjunctive stent placement, the need for antiplatelet medications
limits the use of flow-diversion devices in patients with ruptured
aneurysms.
Almost no long-term data are available at this time regarding
aneurysm recurrence after flow-diversion therapy, so it remains
to be seen what impact this technology will have on this problem.
Nonetheless, early results are encouraging, with flow-diversion
devices offering hope of fewer recurrences in the future as well as
offering a viable option for aneurysms that have previously recurred following treatment with coils. Many of the large aneurysms that are especially prone to recurrence with endovascular
coil treatment are precisely the aneurysms for which flow-diversion seems to be most suitable, so there is a great potential for
flow-diversion to significantly impact the problem of recurrence.

CONCLUSIONS
Aneurysm recurrences following endovascular therapy are a persistent problem, but incremental improvements have been made
with devices and techniques developed during the past 2 decades.
Modified coils have not really lived up to their potential, and
platinum coils remain the mainstay of endovascular treatment.
Perhaps the most progress has come about from improvements in
initial angiographic results through the use of balloon remodeling, adjunctive stent placement, and a wider selection of coils. In
the coming decade, we may see fewer recurrences due to increasing application of flow-diversion devices, but this technology is
still relatively young and how widely applicable it will be remains
to be seen.
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