
Introduction

Coiling of intracranial aneurysms has proven to be a
safe and effective treatment with low procedural risks
and good clinical results [1–3]. However, approximately
25% of coiled aneurysms show reopening of the lumen
over time because of compaction or migration of coil
mesh into the intraluminal thrombus [3–6]. A previous
study showed that packing density, defined as the vol-
ume of inserted coils expressed as a percentage of the
aneurysm lumen volume, above 24% protects against
reopening [7]. However, in this paper, six aneurysms
were excluded because of partial thrombosis undetected
at the time of initial treatment. Partial thrombosis in
these aneurysms was only detected on follow-up angi-

ography 6 months later: reopening of the aneurysm lu-
men was predominantly caused by translation of a
largely unchanged coil mesh rather than the compaction
of coils.

In the present study we assessed prospectively whe-
ther aneurysms packed for more than 24% remain stable
on follow-up angiography.

Patients and methods

Patients

Between October 2001 and December 2002, 132 intra-
cranial aneurysms in 123 consecutive patients were
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Abstract We evaluated prospec-
tively the relation between packing
and reopening in coiled intracranial
aneurysms. Packing, defined as the
ratio between the volume of inserted
coils and volume of the aneurysm
expressed as percentage, was calcu-
lated for 82 intracranial aneurysms
treated with detachable coils. Aneu-
rysm volume was assessed from 3D
angiography. Reopening of the
aneurysmal lumen at the 6-
monthfollow-up angiography was
dichotomized into present or absent.
We assessed whether packing above
24% protected against reopening.
Twenty-three of 82 aneurysms
(28%) showed reopening. Reopen-
ing was caused by compaction in 20
aneurysms and by partial thrombo-
sis, undetected at the time of initial

treatment in three aneurysms. Three
of 29 aneurysms (10%) with a
packing of more than 24% showed
reopening. These three aneurysms
contained partially intraluminal
thrombosis undetected at the time of
treatment. We conclude that in
coiled intracranial aneurysms pack-
ing above 24% protects against
reopening by compaction in non-
thrombosed aneurysms. Since intra-
luminal thrombosis may go unde-
tected at the time of treatment,
follow-up angiography is still war-
ranted in aneurysms with packing
densities greater than 24%.
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coiled. Thirty patients with 30 aneurysms did not have
follow-up angiography for the following reasons: 20
patients had died (procedural death: 3; sequelae of
subarachnoid hemorrhage 16;unrelated death: 1). Four
patients underwent surgical clipping or parent vessel
occlusion after incomplete initial coiling,and six patients
declined follow-up angiography. In the remaining 102
aneurysms in 93 patients, 20 aneurysms were excluded
for the purpose of this study. We excluded five aneu-
rysms in which partial intrasaccular thrombosis was
obvious before treatment on CT or MRI, three aneu-
rysms coiled after failed clipping because volume mea-
surement was hindered by the clip and one patient with a
dissecting aneurysm was excluded. Three patients with
procedural aneurysm rupture were excluded as coils
were placed outside the aneurysmal sac. In five patients
with six aneurysms,the 3D data werelost. In one pa-
tient,no 3D angiography was performed, and in one
patient the 3D angiogram was of inferior quality.

The present study group consists of 76 patients with
82 coiled aneurysms. There were 61 women and 21 men
with a mean age of 51.9 years (median 51, range 25–81).
Of the 82 aneurysms, 62 had ruptured and 20 had not.
Eleven of 20 unruptured aneurysms were additional
aneurysms, seven were truly incidental and two pre-
sented with symptoms of mass effect. The location of the
aneurysms was as follows: anterior communicating ar-
tery,26; posterior communicating artery,17; basilar
tip,10; posterior cerebral artery,6; ophthalmic artery,4;
carotid bifurcation,4; middle cerebral artery,4; perical-
losal artery,3; posterior inferior cerebellar artery,2;

hypophyseal segment of the carotid artery,2; vertebral
artery,2; superior cerebellar artery,1;anterior choroidal
artery,1. Estimation of maximum diameter classified 62
aneurysms as small (<10 mm) and 20 aneurysms as
large (>10 mm). The median angiographic follow-up
interval was 6 months.

Methods

Coiling of aneurysms was performed on a biplane
angiographic unit (Integris BN 3000, Philips Medical
Systems, Best, The Netherlands) with the use of general
anaesthesia and systemic administration of heparin.
Intravenously or subcutaneously administered heparin
was continued for 48 h after the procedure, followed by
orally administered aspirin for 3 months. The aim of
coiling was to pack the aneurysm as densely as possible.
Coiling was performed with Guglielmi Detachable Coils
(GDC-10 and/or 18, all types, Boston Scientific, Fre-
mont, CA). Prior to the coiling procedure a rotational
angiography with a 17-cm image intensifier was made. A
magnification of 33% of the initial 3D dataset was
reconstructed in a matrix of 2563 . In this magnified
reconstruction the aneurysm was manually segmented
and the volume was calculated using the manufacturer’s
software.

The volume of the coils was calculated from the
volume per centimeterfor each type of coil. Packing was
calculated as the ratio of coil volume and aneurysm
volume·100%.

Fig. 1 Relation between aneu-
rysm volume, packing and
reopening at 6-monthfollow-up
in 82 coiled intracranial aneu-
rysms
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At the 6-monthfollow-up, angiography results were
dichotomized into the absence or presence of reopening.
This was done by two authors (WR and MSlu) in con-
sensus, without prior knowledge of the initial packing
density. In aneurysms showing reopening, the cause was
determined to be either compaction or coil mesh
migration into intraluminal thrombus. Compaction was
defined as a decrease in volume of the coil mesh and
more contrast filling of the aneurysm compared to the
immediate post-embolization angiogram. Reopening of
the aneurysm and translation of a largely unchanged coil
mesh wereconsidered to be the result of migration of the
coil mesh into the intraluminal thrombus.

Results

The packing densitiesversus aneurysm volumes are dis-
played graphically in Fig. 1. The mean volume of the 82
aneurysms was 199.5 mm3 (median 53.5, range 8–
3630 mm3). The mean packing density was 22.8%
(median 21.6, range10.6–65.0%). At the 6-monthfollow-
up angiography,23 of 82 aneurysms (28%) showed
reopening. In 20 of these 23 aneurysms reopening was
assessed as being caused by compaction of the coil mesh
and three by migration of a largely unchanged coil mesh
into the thrombus. The overall mean packing density of
stable aneurysms was 24.1% (median 23.6, range 11.3–
65%) and of reopened aneurysms 19.6% (median 20.1,
range 10.6–29.3%).

Three of 29 aneurysms (10%) with packing of more
than 24% showed reopening of the lumen of the aneu-
rysm. These were the three aneurysms that showed a
translation of the coil mesh, presumably caused by ini-
tially undetected intraluminal thrombosis. The remain-
ing 26 aneurysms packed for more than 24% showed
stable occlusion. Of the 53 aneurysms packed for less
than 24%, 20 (38%) showed reopening of the aneurys-
mal lumen assessed as being caused by compaction of
the coils.

Discussion

In this prospective study we confirmed our previous
finding that coiled aneurysms packed above 24% do
not show reopening caused by compaction of the coil
mesh [7]. However, reopening of aneurysms caused by
migration of the coil mesh into the intraluminal
thrombus could not be excluded in patients whose
aneurysm packing density was above 24% and,
therefore, follow-up angiography is indicated in these
aneurysms. This is in concordance with a previously
published retrospective study in which the partial
thrombosis and reopening of 6of 145 (4%) aneurysms
were only detected after the 6-monthfollow-up angi-
ography [8]. Because reopening in aneurysms with high
packing densities is unlikely, it may be justifiable to
carry out the follow-up in these patients using less
sensitive but non-invasive methods such as MRA [9]
or CTA. In addition, the close relationship between
high packing density and stability in aneurysms that
do not contain thrombosis is potentially important in
studies comparing the performance of different types
of newly developed coils [10–12]. If it can be shown
that higher packing densities can be achieved by using
a particular type of coil, then it is likely that long-term
angiographic results will be better. Higher packing
densities can be achieved by increasing the volume of
coils by increasing their thickness or increasing the
inserted length. Recently, it has been shown that coils
with a primary wire diameter of 0.012 in. pack better
than coils of 0.010 in. [13] and that complexlyshaped
coils allow better aneurysm filling than helical coils
[10].

In conclusion, in coiled intracranial aneurysms, high
packing densities protect against reopening by compac-
tion in non-thrombosed aneurysms. However, since
partial intraluminal thrombosis can be difficult to detect
at the time of treatment,it is not justified to omit follow-
up imaging of embolised aneurysms based on high
packing density alone.
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