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Endovascular Occlusion of Intracranial Aneurysms with Electrically
Detachable Coils: Correlation of Aneurysm Neck Size and

Treatment Results

Amelia Fernandez Zubillaga, Guido Guglielmi, Fernando Vinuela, and Gary R. Duckwiler

PURPOSE: To devise a method to measure aneurysm neck size on angiographic films, and to
correlate the sizes obtained with the extent of endovascular aneurysm occlusion, performed with
electrically detachable coils. METHODS: The angiograms of 79 intracranial aneurysms treated by
endovascular occlusion using electrically detachable coils were retrospectively analyzed. A method
using the average reported caliber of the major intracranial vessels was applied to determine the
aneurysm neck sizes on the diagnostic angiograms. The cases were divided into two groups
according to neck size, 4 mm being the discriminative value for small and wide necks. The
posttreatment angiogram of each case was analyzed to evaluate the degree of occlusion achieved
by the technique. RESULTS: Necks were successfully measured in 95% of the aneurysms.
Complete aneurysm thrombosis was observed in 85% of the small-necked aneurysms and in 15%
of the wide-necked aneurysms. CONCLUSIONS: Accurate angiographic measurements of neck
diameter can be obtained in most aneurysms. The size of an aneurysm neck correlates well with
the results of the endovascular treatment. Small-necked aneurysms can be satisfactorily occluded
with this technique. In wide-necked aneurysms this technique should be reserved for lesions having

a high surgical risk.
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In the neurosurgical literature intracranial aneu-
rysms are classically subdivided into saccular and
fusiform, depending on the presence or absence
of a definite aneurysm neck (1). Although a great
deal of attention has been paid to the dimensions
of the sac of saccular aneurysms (small, large,
and giant), less information is available on the
size of the aneurysm neck. This is probably
because, in general, small aneurysms have small
necks and large and giant aneurysms have wide
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necks (2). Therefore the concept of aneurysm
neck size tends to be incorporated in the general
concept of aneurysm dimension. From the neu-
rosurgical perspective, the technical surgical dif-
ficulty is affected more by the size of the aneu-
rysm sac or by the presence of calcification in
the neck area than by the size of the neck. This
is because the physical presence of the sac acts
as an obstacle to adequate exposure and clipping
of the neck—a significant factor, especially in
large and giant aneurysms. Conversely, from the
point of view of neuroendovascular therapy, the
diameter of the aneurysm neck as opposed to
the dimensions of the sac seems to be the critical
factor, particularly in foreseeing whether the
treatment will be complete or not.

Over a 3-year period, 79 intracranial saccular
aneurysms were treated with electrically detach-
able coils (Guglielmi detachable coils, Target
Therapeutics, Fremont, Calif) and electrothrom-
bosis (3, 4) at our institution. Because neck size
seemed to be an important determinant for the
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treatment results (5), a method was devised to
measure accurately the size of the aneurysm neck
on diagnostic angiograms in an attempt to find a
correlation between neck size and treatment re-
sults.

Material and Methods
Case Material

The Guglielmi detachable coil technique was developed
at the University of California Los Angeles in 1989 (3). The
occlusive agent is a detachable platinum coil delivered
through a microcatheter positioned within the aneurysm.
The entire detachable coil consists of a proximal stainless
steel delivery wire, soldered to an extremely soft coil made
of platinum (3, 4). The platinum portion is manufactured
with various lengths and diameters. It has a circular mem-
ory that allows the coil, once outside the microcatheter, to
adjust to the shape of the sac, causing little stress on the
aneurysm walls. Detachment is achieved by applying a low
positive direct electric current to the delivery wire. The
stainless steel delivery wire is laminated with a thin layer
of Teflon, except for its final 2 mm, which are uninsulated.
Electrolysis of this uninsulated portion nearest to the plat-
inum coil occurs within 4 to 12 minutes. The coil behaves
as a positively charged electrode, attracting negatively
charged blood particles, such as white blood cells, red
blood cells, platelets, and fibrinogen, and promoting clot
formation. The electric current is not applied until the
platinum coil is in a suitable position inside the aneurysm.
If the positioning is not ideal, the coil can be withdrawn
and repositioned, or exchanged for a different-size one.
This property allows control of the coil delivery and pro-
tection of the parent vessel from accidental coil migration.
More than one coil can be placed inside an aneurysm, the
goals being a tight packing of the aneurysm sac and
bridging of the mesh of coils across the aneurysm neck.

Over a 3-year period, 79 intracranial aneurysms were
treated with the Guglielmi detachable coil endovascular
technique at our institution. The diagnostic angiograms of
all patients were retrospectively reviewed to measure the
aneurysm neck size using the method described below.
Five aneurysms were excluded from this study either be-
cause they were fusiform (3 cases), or because the goal of
the treatment had been the occlusion of a carotid-cavern-
ous fistula rather than aneurysm occlusion (2 cases of
ruptured intracavernous carotid aneurysms). The location
of the remaining 74 saccular aneurysms was as follows:
basilar artery bifurcation in 24 cases, carotid—posterior
communicating artery junction in 11, carotid—ophthalmic
artery junction in 11, middle cerebral artery in 5, vertebro-
basilar junction in 4, posterior inferior cerebellar artery in
4, cavernous carotid artery in 4, internal carotid artery
bifurcation in 3, superior cerebellar artery in 2, posterior
cerebral artery in 2, anterior communicating artery in 1,
anterior-inferior cerebellar artery in 1, midbasilar artery in
1, and trigeminal artery in 1. Thirty-one aneurysms were
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small (<12 mm); 26 were large (12 to 25 mm); and 17
were giant (>25 mm).

This retrospective analysis was undertaken to evaluate
a possible relationship between aneurysm neck size and
degree of aneurysm occlusion. The degree of occlusion
was assessed by reviewing the latest posttreatment follow-
up angiogram of each patient. Each case was considered:
(a) incomplete occlusion if a portion of the aneurysm was
still filling with contrast at the follow-up angiogram,
whether the residual part was a neck remnant or a portion
of the aneurysm sac; and (b) complete occlusion if the sac
and the neck of the aneurysm were totally occluded at the
follow-up angiogram.

Technique

In the method devised we consider the diameter of the
internal carotid artery or the basilar artery as a reference
value and aim to obtain accurate measurements of aneu-
rysms and their necks on angiographic films.

Radu and du Boulay (6) reviewed 50 cerebral angiograms
performed with a constant focus-film distance of patients
with nonvascular diseases. They measured the size of the
internal carotid artery 5 mm proximal to its bifurcation. An
average internal diameter of 3.35 mm was obtained after
correction for radiographic magnification (reported angio-
graphic measurements ranged from 3.98 to 4.74 mm
[mean, 4.36 mm)], and the magnification factor was 130%).
Muller et al (7) used the same method in 222 cases. They
determined their magnification factor (120%) by taking
radiographs of a dry skull in which a 10-mm metallic
sphere had been placed at the site of the left or the right
internal carotid artery bifurcation. Their angiographic
measurements, also taken at 5 mm proximal to the internal
carotid artery bifurcation, were 3.32 to 4.68 mm (mean,
4.04). After correction for magnification, the actual mean
arterial diameter was therefore calculated at 3.37 mm.
Wollschlaeger et al (8) measured the actual sizes of the
internal carotid artery and the basilar artery in 291 nonse-
lected brain specimens. Both internal carotid arteries and
both vertebral arteries of the specimens were injected with
a barium gelatin suspension upon removal. They obtained
measurements ranging from 2.70 to 4.55 mm (mean, 3.63)
for the internal carotid artery 3 mm proximal to its bifur-
cation, and from 2.70 to 4.24 mm (mean, 3.27) for the
basilar artery 3 mm distal to the vertebrobasilar junction.
The reference value used in this study was thus obtained
by determining the average of the measurements given by
the above-cited authors (Table).

The diagnostic angiograms of 74 aneurysms were ana-
lyzed (see Case Material). Most of the images were obtained
with a digital subtraction technique. The projection in which
the neck was best identified in its full extent was selected
for the measurement. Using a transparent ruler to an
attempted accuracy of one-quarter of a millimeter, the
diameter of the contrast filled lumen of the internal carotid
artery or the basilar artery (a), and the largest width of the
neck (n) were measured on the same angiographic film.
The sites of vessel measurements were as follows: the
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Average diameter of the internal carotid artery and basilar artery

Radu (6) Muller (7) Wollschlaeger (8)
Artery® Internal Internal Internal Basilar
Carotid Carotid Carotid Artery
Artery Artery Artery
Number of cases 50 222 291 291
Measurement (mm) 4.36° 4.04° 3.63° 3.27°
Magnification factor 130 120
(%)
Real/corrected value 3:35 3:37 3.63 327
(mm)

® Measurement sites: internal carotid artery, 3 to 5 mm proximal to
the internal carotid artery bifurcation; basilar artery, 3 mm distal to the
vertebrobasilar junction.

® Angiographic measurement.

¢ Direct measurement.

internal lumen of the internal carotid artery was 5 mm
proximal to its bifurcation for aneurysms of the anterior
circulation; the internal lumen of the basilar artery was 3
mm distal to the vertebrobasilar junction for posterior
circulation aneurysms. The real neck width was derived
from the following algebraic formula, assuming that the
proportion between real neck width (N) and the reference
vessel diameter (A) from the literature is equal to the
proportion between neck measurement (n) and internal
carotid artery or basilar artery measurement (a) on the
angiogram (Figs 1-3): N = (n X A)/a.

Results

In the literature, the neck of intracranial sac-
cular aneurysms has been classified into small (1
to 3 mm) or large (4 to 10 mm) (1). For this
study, necks measuring 3 to 4 mm were included
in the small-necked aneurysm group. Conse-
quently, a small neck was defined as measuring
4 mm or less, and a wide neck as measuring
more than 4 mm.

Reviewing the diagnostic angiograms of this
series of 74 saccular aneurysms, we found that
the neck was accurately measured in 66 cases.
The neck size could only be approximated in 5
cases. The reasons for this were irregular mor-
phology of the aneurysm, superimposition of nor-
mal vessels, or absence of the ideal projection in
the diagnostic angiogram. Nonetheless, the meas-
urements obtained were considered accurate
enough to be included in the study.

The measurements from three cases (two small
and one giant aneurysms) were not used because
their diagnostic angiograms exhibited significant
irregularities in the vessel caliber at the measure-
ment site. This could have provided erroneous
results because our reference values are derived
from cases that did not present with cerebral

ANEURYSM NECK SIZE 817

vascular disease. The angiogram of one case
showed marked vasospasm caused by prior sub-
arachnoid hemorrhage. In the second, the distal
internal carotid artery was compressed by the
sac of a giant paraophthalmic aneurysm. In the
third, a case of basilar artery bifurcation aneu-
rysm was associated with an occipital arteriove-
nous malformation, marked enlargement of one
posterior cerebral artery, and the basilar artery.

The neck diameter of the 71 aneurysms in-
cluded in this analysis ranged from 1.1 to 10.3
mm, with a mean value of 5.26 mm. Twenty
aneurysms (28.2%) had a small neck (4 mm or
less); in 51 cases (71.8%) the neck was wider
than 4 mm. Among the small aneurysms, 17
(59%) had a small neck and 12 (41%) a wide
neck. In the large aneurysm population, 2 (7.7%)
had a small neck, and 24 (92.3%) had a wide
neck. Only one (6.3%) giant aneurysm had a
small neck; the remaining 15 (93.7%) had a wide
neck.

At the follow-up review, complete aneurysm
occlusion was observed in 17 (85%) of the aneu-
rysms that had been measured and included in
the small-necked group. A neck remnant was
noticed in 3 cases (15%). The mean angiographic
follow-up length was 5.63 months in this group,
ranging from O to 18 months. In 8 cases (40%)
the follow-up length was shorter than 1 month.

Among the aneurysms classified as having a
wide neck, 8 (15.7%) were completely occluded
at the last follow-up angiogram. Subtotal aneu-
rysm occlusion (defined as obliteration of 70% to
98% of the lumen or presence of a neck remnant)
was observed in 43 cases (84.3%). The mean
angiographic follow-up period in this group was
6.21 months (range, 0 to 23 months). The last
follow-up angiogram had been performed less
than 1 month after the treatment in 20 cases

(39%).

Discussion

The goal of intracranial aneurysm treatment is
the exclusion of the aneurysm sac and neck from
the circulation. This is currently performed most
often by surgical clipping. In surgically difficult
aneurysms, an endovascular approach with elec-
trically detachable coils is a practicable alternative
(3-5). Considering that this is a recently devel-
oped technique and it is not yet possible to
compare its results with neurosurgical series, a
strict protocol of follow-up angiograms was set
up for patients undergoing this method of treat-
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Fig. 1. Vertebral angiogram (anteroposterior projection) showing a midbasilar artery small-necked aneurysm. The basilar artery
(arrowheads) is measured. At this site its known average caliber is 3.27 mm. Measuring the angiographic neck (arrows) and applying
the formula described in the text, the real neck diameter is obtained. Real neck diameter is 3.3 mm in this case.

Fig. 2. Vertebral angiogram (anteroposterior projection) showing a basilar bifurcation wide-necked aneurysm. The real neck size is
obtained after measuring the neck (arrows) and the basilar artery (arrowheads) on the angiogram and applying the formula cited in the
text. Reference vessel diameter is 3.27 mm (real neck size is 4.12 mm).

Fig. 3. Internal carotid angiogram (lateral projection) showing a carotid-ophthalmic small-necked aneurysm. The neck (arrows) and
the internal carotid artery (arrowheads) are measured. The internal carotid artery average diameter at this site is 3.5 mm. The actual

neck size can be obtained (actual neck size is 2.3 mm).

ment. Since our early experience, we felt that the
neck size, only subjectively assessed, affected the
extent to which the aneurysm could be occluded.
This retrospective study was designed to obtain
accurate, objective measurements of aneurysm
necks and to correlate them with the degree of
aneurysm occlusion as seen on follow-up angio-
grams.

The measurement method described presents
certain drawbacks. Sex and side differences exist
in the diameter of intracranial arteries (7) and as
individual anatomic variations caused by vessel
dominance. Arterial caliber can vary as a function
of vasospasm, partial pressure of carbon dioxide,
and metabolic conditions (6). The analysis of our
results did not include the measurements from
three cases for such reasons. The reference val-
ues reported in the literature for vessel diameters
are not absolute figures, but ranges. A mean value
was required to operate mathematically. Other
measurement methods can be applied during a
diagnostic angiogram. For instance, a metallic
marker with known length or diameter can be
placed on the patient’s skin while obtaining the
diagnostic angiogram. However, the metallic
marker, on the head’s surface, will not be subject
to the same magnification as the aneurysm. The
measurement obtained using this technique is,
therefore, approximate and needs correction re-

lated to the magnification. Taking all these factors
into consideration, the measurement method out-
lined in this paper is the best one applicable to
angiograms retrospectively. It is likewise the only
means of assessing aneurysm neck diameter
when reviewing angiograms sent by referring
physicians.

In our series, complete occlusion was achieved
in 85% of the aneurysms included in the small-
necked group. The remaining 15% of the aneu-
rysms in this group showed residual aneurysm
neck filling at the follow-up angiogram. The wide-
necked group provides significantly different re-
sults. Only 15.7% of the cases showed complete
occlusion. In a much higher proportion (84.3%),
the occlusion was subtotal. The analysis of these
results clearly indicates that the degree of aneu-
rysm occlusion is affected by the aneurysm neck
size. This finding can be explained by taking into
consideration the behavior of the occlusive ma-
terial inside the lesion. In endovascular therapy a
small neck holds the occlusive agent inside the
aneurysm. Using the Guglielmi detachable coil
technique, the smaller the neck the higher the
probability that the mesh of coils bridges across
the neck area. This allows aneurysm occlusion
without the danger of herniation into the parent
vessel and with little risk of coil migration. In
wide-necked aneurysms, bridging of the neck
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area by the coil mesh is difficult because of the
hazard of coil deposit in the parent vessel. Thus,
loose coil packing of the neck region may be
inevitable. Subsequently, the coils can be pushed
by the arterial pressure and become compacted
toward the aneurysm sac, resulting in reexposure
of portions of the aneurysm to the circulation.
The final result is a partial occlusion of the lesion.
A neck remnant must be considered potentially
dangerous until its natural history is fully under-
stood. There is still lack of long-term follow-
up studies of aneurysm neck remnants after
Guglielmi detachable coil treatment. Neverthe-
less, a neck remnant from an aneurysm treated
with a Guglielmi detachable coil may not nec-
essarily behave identically to a postclipping
neck remnant.

The posttreatment angiographic follow-up
period of the cases reviewed for this study varied
by a wide range. However, the variation of the
follow-up time and its mean value were matched
in both groups of aneurysms. Excluding from the
revision cases with short follow-up periods would
have decreased the size of the sample and weak-
ened the significance of the results. The notable
difference in the degree of aneurysm occlusion
between the two groups suggests that the 4-mm
measurement is a valid threshold, independent of
the duration of the angiographic follow-up period.

The main parameter under investigation in this
study was the neck diameter. The neck orifice,
however, is a surface, with its area proportional
to the square of the neck radius. Because of this
exponential relationship, a small difference in
neck diameter detected by the measurement cor-
responds to actual significant variations in neck
surface area. For instance, the area of a 5-mm-
diameter neck is not double but nearly four times
larger than the one of a 2.5-mm-diameter neck.
This repercussion on the neck area stresses the
need to be extremely precise in applying the
measurement technique described in this paper.
The method’s accuracy can be limited by any
factor that may alter vessel caliber. Examples of
such factors are vasospasm caused by subarach-
noid hemorrhage, compression caused by mass
effect, or associated arteriovenous malformation.
In addition, the cross-section of the neck of an
aneurysm resembles more an irregular ellipsoid
than a circle (9). Different angiographic projec-
tions can therefore show varying diameters. The
results of this study indicate that neck size should
be carefully taken into consideration when plan-
ning an endovascular approach to these lesions.
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An erroneous estimation of the neck size can lead
to a wrong prediction of the results of treatment.
This reinforces the necessity of obtaining views
of the aneurysm in multiple projections to guar-
antee that the largest neck diameter is measured.

We noticed that aneurysms in certain locations
were usually better analyzed in a specific projec-
tion. This observation had already been described
by Lin and Kricheff (10). The anteroposterior
projection is the most suitable to measure the
neck of basilar artery bifurcation aneurysms. It is
difficult to identify the actual neck extent in the
lateral view, because of superimposition of the
posterior cerebral arteries. However, if the dome
of the aneurysm points ventrally or dorsally, a
pure anteroposterior view can be misleading, be-
cause the neck will still be hidden by the sac. In
these cases, a Waters or a Townes projection,
respectively, will be more adequate. A submen-
tovertex view may be needed in certain ventral-
growing basilar artery bifurcation aneurysms.
Furthermore, when the axis of the aneurysm is
not in the sagittal plane, an oblique projection
(Townes oblique, Waters oblique, etc) also may
be required. Aneurysms of the internal carotid
artery—ophthalmic artery junction originate dor-
sally or medially and are distinguished by a dorsal
medial projection. Therefore the neck of these
aneurysms is best assessed in lateral and lateral-
oblique projections. Most posterior communicat-
ing artery aneurysms are best seen in lateral and
lateral oblique views, because their sacs com-
monly project posteriorly or posterolaterally.

The technique of endovascular occlusion with
Guglielmi detachable coils was originally designed
to offer a less traumatic therapy for intracranial
aneurysms. The results of this study clearly con-
firm that complete occlusion of small-necked
aneurysms can be achieved with this technique.
Longer-term follow-up angiograms, however, are
required to assess consistency of the results re-
ported in this review. The results obtained in the
wide-necked group are less satisfactory. As noted
above, only subtotal occlusion was achieved in
most of these cases. Thus, in wide-necked aneu-
rysms, the Guglielmi detachable coil technique
should be reserved for lesions having a high
surgical risk.
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