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SUMMARY: The balloon remodeling technique was initially designed for the endovascular treatment of
anatomically complex aneurysms, specifically wide-neck aneurysms. A nondetachable balloon is
inflated in front of the aneurysm neck during coil deposition and removed at the end of the procedure.
Some controversies regarding the safety of the technique were introduced by the recent publication
of a series showing a much higher rate of complications with the remodeling technique compared with
the standard coiling technique. However, recent data from the literature review and from the large
ATENA and CLARITY series show that the safety of standard coiling and remodeling is quite similar.
Anatomic results are also probably better after remodeling. Finally, due to equivalent safety and better
anatomic results, the remodeling technique can be widely used in the management of both ruptured
and unruptured aneurysms.

ABBREVIATIONS: ATENA � Aneurysms Treated by Endovascular Approach; CLARITY � clinical and
anatomic results in the treatment of ruptured intracranial aneurysms; CHU � Centre Hospitalier
Universitaire; EVT � endovascular treatment

EVT with coils is widely used in the management of intra-
cranial aneurysms.1 However, endovascular treatment can

be technically difficult for anatomic reasons, particularly when
the neck is wide or when the dome-to-neck ratio is not favor-
able. In 1994, Moret et al2 described the remodeling technique
for extending the indications and feasibility of the endovascu-
lar treatment to wide-neck intracranial aneurysms. A few
monocentric series were published analyzing clinical and an-
atomic results of this technique.3-9 However, in several of these
series, no direct comparison between standard coiling and re-
modeling was available. Moreover, in most of the literature,
ruptured and unruptured aneurysms were mixed, and a sepa-
rate analysis of the safety and efficacy in both situations was
not possible. A literature review was published in 2008.10 A
direct comparison of the standard coiling technique and re-
modeling was recently conducted in both ruptured and
unruptured aneurysms in 2 large multicentric prospective
series.11,12

The publication by Sluzewski et al in 20069 suggested that
the remodeling technique was associated with a high compli-
cation rate and should be used only if the standard coiling
technique was impossible or had failed.

To know accurately the place of the remodeling technique
(also called balloon-assisted coil embolization) in the endo-
vascular treatment of intracranial aneurysms, a precise analy-
sis of its feasibility, safety, and efficacy is now needed.

What is the Remodeling Technique?
A nondetachable balloon is temporarily inflated in front of the
neck of the aneurysm during each coil placement (Figs 1 and
2). At the end of the procedure, the remodeling balloon is
removed and no device is left in place in the parent vessel
(unless stent placement is subsequently performed).

In sidewall aneurysms, the balloon is simply placed in the
parent vessel in front of the aneurysm neck (Fig 1). In bifur-
cation aneurysms, the situation is more complex because it is
necessary to completely protect the neck to avoid coil protru-
sion (Fig 2). In this situation, there are several options: 1) Place
1 balloon in the parent vessel and a bifurcation artery. Inflate
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Fig 1. Remodeling technique for sidewall aneurysms.
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the balloon sufficiently to completely cover the neck (some
balloons are specifically designed for this purpose with a pear
shape when inflated). 2) Place two balloons in front of the
aneurysm neck. For example, for a basilar tip aneurysm, a
balloon is placed in the basilar artery extending into the 1
posterior cerebral artery and another balloon is placed on the
other side. 3) Place a balloon parallel to the neck of the aneu-
rysm by navigating through the circle of Willis anastomosis.
For example, in a carotid bifurcation aneurysm, the balloon is
not navigated through the ipsilateral carotid artery but
through the contralateral one and the anterior communicat-
ing artery. This technique is feasible if the anastomoses of the
circle of Willis are present and sufficiently large. 4) Place a
round balloon mounted on a microcatheter in front of the
aneurysm neck. These balloon catheters are no longer avail-
able; therefore, this technique can no longer be used. 5) Place
a double-lumen microcatheter remodeling balloon. It is
placed in front of the neck with the microguidewire inside the
neck. The coils are deposited in the aneurysm sac through the
second lumen. In bifurcation aneurysms, the best option is
decided according to the anatomy of the parent vessel (cervical
and intracranial portions), the anatomy of the circle of Willis
(confirm that posterior communicating and anterior commu-
nicating arteries are present), and the aneurysm anatomy (size
and position of the neck, direction of the aneurysm sac, and
relations between aneurysm neck and bifurcation branches).

Use and Feasibility of the Technique
In 3 small series, the rate of use of the remodeling technique
was very heterogeneous: 8.6%,9 16.9%,5 and 33.0%.8 The re-
modeling technique was more frequently used in unruptured
aneurysms (37.3%) than in ruptured aneurysms (20.5%), ac-
cording to the analyses conducted in the ATENA and CLAR-
ITY series.12,13

According to the ATENA and CLARITY analyses,12,13 the
remodeling technique was used in all aneurysm locations but
less frequently in anterior communicating and anterior cere-
bral aneurysms. The navigation in the anterior arterial com-
plex was, with the first generations of remodeling balloons,
relatively difficult. The profile of the most recent balloons has
been improved, and navigation in the anterior complex is now
easier.

The feasibility of the remodeling technique has not been
widely studied. Cottier et al4 reported a failure rate of 8%. In
this series, the 2 causes of failure were the impossibility of
placing the balloon in front of the aneurysm neck and rupture
of the balloon during the procedure. Balloon navigation can
be difficult in the case of tortuosity of the cervical or intracra-
nial vessels or acute angle of the parent vessel. Another cause of
failure of the remodeling technique is a completely unfavor-
able dome-to-neck ratio with a very wide neck. In this case, the
stabilization of coils into the aneurysm sac can be impossible
despite inflation of the balloon in front of the neck.

Complications
The 2 most frequent complications of the endovascular treat-
ment of intracranial aneurysms are thromboembolic events
and intraoperative rupture. In some series, no comparison was
available regarding the rate of complications in both standard
coiling and remodeling.2,4,5

In the Layton et al series,8 the rate of thrombus formation
was not significantly different in patients treated with standard
coiling compared with the remodeling technique (9% and
14%, respectively). Symptomatic thromboembolic events
were also observed in a similar percentage of cases (5% in
standard coiling and 7% in remodeling). Similarly, in the
Brooks et al series,14 diffusion-weighted-imaging abnormali-
ties were detected in 32% in the coiling group and 24% in the
remodeling group. However, in the Sluzewski et al series,9 the
rate of thromboembolic events was higher in the remodeling
group (9.8%) compared with the coiling group (2.2%). In the
Shapiro et al review,10 the rate of thromboembolic events was
quite similar in patients treated with coiling (8.1%) and re-
modeling (8.0%). Symptomatic thromboembolic events were
encountered in 4.6% of patients treated with coiling and 4.4%
of patients treated with remodeling. Death related to throm-
boembolic events was reported as 1.2% for patients treated
with coiling and 0.4% for patients treated with remodeling. In
unruptured aneurysms (ATENA), the rate of thromboem-
bolic events was lower in the remodeling group (5.4% versus
6.2% in coiling group), and the clinical outcome was similar in
both groups.11 In ruptured aneurysms (CLARITY), the rate of
thromboembolic events was also similar in both groups
(12.7% in coiling group and 11.3% in remodeling group).12

The rate of intraoperative rupture was not evaluated as
extensively. In the Sluzewski et al series,9 the rate of intraop-
erative rupture was higher in the remodeling (4.0%) com-
pared with the coiling group (0.8%). In the Shapiro et al re-
view,10 the rate of intraoperative rupture was 3.4% in ruptured
aneurysms treated with standard coiling, 1.7% in ruptured
aneurysms treated with the remodeling technique, 1.4% in
unruptured aneurysms treated with standard coiling, and
1.8% in unruptured aneurysms treated with the remodeling
technique. In ruptured aneurysms, the clinical outcome was a
symptomatic event or death in 2.7% in the coiling group and
1.7% in the remodeling group. In unruptured aneurysms,
clinical outcome was a symptomatic event or death in 0.6% in
coiling group and 0.9% in remodeling group.

Similar results were reported in the analyses conducted in
the ATENA and CLARITY series. In ATENA (unruptured an-
eurysms), the rate of intraoperative rupture was 3.2% in the
remodeling group and 2.2% in the coiling group.11 Clinical
consequences (permanent deficit or death) of the intraopera-
tive rupture were encountered in 0.6% in the coiling group
and 1.4% in the remodeling group. In ruptured aneurysms
(CLARITY), the rate of intraoperative rupture was exactly the
same in both groups (4.4%).12 The overall complication rate
was 10.8% for standard coiling of unruptured aneurysms and
11.7% for remodeling of unruptured aneurysms; 17.4% for
coiling of ruptured aneurysms and 16.9% for remodeling of
ruptured aneurysms.11,12

Clinical Outcome
In the Cottier et al4 and Lefkowitz et al5 series, clinical out-
come was favorable in all patients. However, death or depen-
dency was encountered in 14.1% after remodeling and 3.0%
after coiling in the Sluzewski et al series.9

In the ATENA series, overall morbidity was 2.2% in the
coiling group and 2.3% in the remodeling group, whereas
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mortality was 0.9% in coiling group and 1.4% in remodeling
group.11

In the CLARITY series,12 treatment morbidity was 3.9% in
the coiling group and 2.5% in the remodeling group. Treat-
ment mortality was 1.2% in coiling group and 1.3% in remod-
eling group. Global morbidity and mortality (including
consequences of subarachnoid hemorrhage and its complica-
tions) were 7.1% and 12.5%, respectively, in the coiling group
and 3.8% and 12.5% in the remodeling group.

Anatomic Results
In the Lefkowitz et al series,5 initial anatomic results in pa-
tients treated with the remodeling technique were quite good,
with 100% occlusion in 83% of patients and 95%–100% oc-
clusion in the remaining 17% of patients. During the period of
follow-up (range: 1–26 months; median, 10 months), no pa-
tient required further treatment or developed a recurrent an-
eurysm neck or lumen.

In the series reported by Cottier et al,4 anatomic results
after treatment with the remodeling technique were also quite
good. Immediate posttreatment results reported total occlu-
sion in 69% of cases, subtotal in 29% of cases, and incomplete
in 2% of cases. The initial total occlusions remained stable
during the follow-up in 90% of cases, and recanalization was
observed in 10% of cases. The initial subtotal occlusions
showed no modification in 69% of cases, improved to total
occlusion in 15%, and displayed regrowth of the remnant in
15%. Initial incomplete occlusion was unchanged during fol-

low-up. Five aneurysms were retreated by using the remodel-
ing technique. Final results (last follow-up angiogram) re-
ported complete occlusion in 67% of cases, subtotal occlusion
in 24% of cases, and incomplete occlusion in 9% of cases.

In both the Lefkowitz et al5 and Cottier et al4 series, ana-
tomic results were good, but no direct comparison with stan-
dard coiling was available. Packing attenuation was also not
studied.

In the Sluzewski et al series,9 anatomic results were differ-
ent. Packing attenuation was similar in aneurysms treated by
standard coiling (24.1%) and the remodeling technique
(22.7%). At 6-month follow-up, incomplete aneurysm occlu-
sion was more frequently observed in aneurysms treated with
remodeling (27.7%) than with standard coiling (16.9%). Ad-
ditional treatment was also more frequently performed in an-
eurysms treated with remodeling (16.9% versus 9.0% for an-
eurysms treated with the remodeling and standard coiling
techniques, respectively).

The Shapiro et al10 literature review does not confirm the
Sluzewski et al9 findings. Both initial and follow-up aneurysm
occlusion rates were higher in balloon-assisted cases. The ini-
tial occlusion rate was total occlusion in 73% of patients in the
remodeling group and 49% of patients in the standard coiling
group, subtotal occlusion in 22% in the remodeling group and
39% in the coiling group, and incomplete occlusion in 5% in
the remodeling group and 13% in the coiling group. At follow-
up, there were similar results: total occlusion in 72%
of patients in the remodeling group and 54% of patients in

Fig 2. Remodeling technique for bifurcation aneurysms. A, Use of a pear-shaped balloon. B, Double-balloon technique. C, Placement of the remodeling balloon parallel to the aneurysm
neck by using circle of Willis anastomosis. D, Use of a double-lumen remodeling technique.
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the standard coiling group, subtotal occlusion in 17% in the
remodeling group and 34% in the coiling group, and incom-
plete occlusion in 10% of the remodeling group and 11% of
the coiling group.

According to the ATENA and CLARITY series,11,12 results
are possibly different in unruptured and ruptured aneurysms.
In the ATENA series (unruptured aneurysms), immediate an-
atomic results reported were complete occlusion in 59.8% of
aneurysms in the standard coiling group and 59.8% of aneu-
rysms in the remodeling group, neck remnant in 24.3% in the
coiling group and 20.1% in the remodeling group, and aneu-
rysm remnant in 16.0% in the coiling group and 20.1% in the
remodeling group.11 In the CLARITY series (ruptured aneu-
rysms), immediate anatomic results were different: complete
occlusion in 46.9% of aneurysms in the standard coiling group
and 50.0% of aneurysms in the remodeling group, neck rem-
nant in 41.6% in the coiling group and 44.9% in the remodel-
ing group, and aneurysm remnant in 11.5% in the coiling
group and 5.1% in the remodeling group.12 Using a 2-point
classification, the rate of adequate occlusion was significantly
higher in the remodeling group (94.9% compared with 88.5%
in coiling group, P � .017). The mean packing attenuation was
36.7% � 23.2% in the coiling group and 39.3% � 57.7% in the
remodeling group (P � .577). In both the ATENA and CLAR-
ITY series, long-term anatomic results are not yet available.

Conclusions
All except 1 publication showed a similar safety profile in the
standard coiling and the remodeling techniques. The litera-
ture review comparing the anatomic results in aneurysms
treated by standard coiling and remodeling shows that imme-
diate and follow-up results are better in the remodeling
group.9 These results are partially confirmed in the CLARITY
series (ruptured aneurysms), showing that adequate occlusion
is significantly more frequent in the remodeling group.12 De-
spite the fact that aneurysms treated by the remodeling tech-
nique are different from aneurysms treated with standard coil-
ing, the safety of both techniques is similar with a higher
anatomic efficacy of the remodeling technique. Accordingly,
wide use of the remodeling technique can be proposed.

For several years, the remodeling technique has competed
with stent-assisted coiling for the treatment of anatomically
difficult aneurysms, specifically those with a wide neck. How-

ever aneurysm stent placement seems to be associated with a
higher mortality compared with coiling with or without re-
modeling.15 Accordingly, wide use of stents should probably
not be recommended.
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