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Factors Influencing Successful Angiographic Occlusion of
Aneurysms Treated by Coil Embolization

J. K. Ayton Hope, James V. Byrne, and Andrew J. Molyneux

BACKGROUND AND PURPOSE: Coil embolization of berry aneurysms is a relatively new
treatment whose long-term efficacy has yet to be established. The purpose of this study was,
first, to attempt to identify factors that might be important in predicting success both at the
time of treatment and at the time of follow-up angiography, and, second, to study changes in
the aneurysm between treatment and follow-up to determine the frequency of these changes.

METHODS: The pretreatment, posttreatment, and follow-up angiograms of the first 63 an-
eurysms (in 58 patients) treated at our institution between June 1992 and April 1995 were
analyzed, and the percentage of occlusion of each aneurysm was calculated. The size of any
rest was noted for the posttreatment and follow-up angiograms. Treatment success was defined
as a residue of less than 2 mm. Aneurysms were said to have changed if the percentage of
occlusion had altered by more than 2.5% or if the difference in rest size was greater than 0.25
mm. Possible factors influencing primary and follow-up success rates were correlated against
these calculations.

RESULTS: Success rates at treatment and follow-up were 71% and 65%, respectively. No
change occurred in 41% of aneurysms, and 20% had a decrease in size of the residue. Twenty-
eight percent had coil compaction, and 11% had aneurysmal growth. Neck size was the only
significant variable in primary treatment success. Success at follow-up correlated significantly
with neck size, initial treatment success, vasospasm at the time of treatment, and clinical
presentation.

CONCLUSION: Best long-term angiographic results are obtained when the primary treat-
ment is successful, when the aneurysm is small and narrow-necked, when the acutely ruptured
aneurysm is treated within 15 days of ictus, and with anterior communicating and basilar-tip
aneurysms.

Endovascular treatment of berry aneurysms with
Guglielmi detachable coils (GDCs) is generally as-
sociated with a lower rate of complete obliteration
of the aneurysmal lumen than is treatment with sur-
gical clipping. Early results of this form of treat-
ment show promise, both clinically in terms of the
safety and prevention of rehemorrhage in the short
term, and anatomically, in terms of obliteration of
the aneurysmal lumen (1–4).

This aneurysmal residue, or ‘‘rest,’’ in coiled an-
eurysms may enlarge by coil compaction, or the
aneurysm may grow. The rest may also spontane-
ously decrease in size or disappear at the time of
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angiographic follow-up. Additionally, even com-
pletely coiled aneurysms may undergo coil com-
paction. Follow-up angiography, therefore, is usu-
ally recommended to determine the final anatomic
status of the aneurysm as successfully treated or
not. Although aneurysmal neck size has been
shown to be important in predicting successful
obliteration of the lumen at the time of treatment,
less is known of the factors that are important in
predicting success at the time of follow-up
angiography.

Aneurysmal recurrence after surgical treatment
is usually measured in terms of rehemorrhage rates,
rather than by review imaging. This rehemorrhage
is generally accepted to be subsequent to incom-
plete occlusion of the aneurysmal lumen (5–11),
and a similar mechanism is probably responsible
for rehemorrhage from aneurysms treated by the
endovascular route (2–12). The completeness of lu-
minal occlusion after coiling, therefore, is an im-
portant predictor of aneurysmal recurrence (4, 12).
Factors observed to influence the degree of luminal
occlusion after coil embolization include the aneu-
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FIG 1. Aneurysmal growth.
A, Pretreatment angiogram of a large, wide-necked, basilar side-

wall aneurysm occurring as a mass lesion. This image is traced
onto calibrated paper, with the margins of the aneurysmal lumen
delineated in D as the solid black line. From the tracing, and using
the linear reference value ‘‘D,’’ luminal size ‘‘A,’’ luminal width ‘‘B,’’
and neck size ‘‘C’’ are calculated (as shown in D).

B, Posttreatment angiogram after coil placement. This image
was used to trace the margin of the coil ball in D and to calculate
the percentage of occlusion (94%) and rest size (‘‘E ’’ in D).

C, Follow-up angiogram at 10 months shows aneurysmal
growth. After tracing this image, the new aneurysmal lumen is
delineated by the outer gray line in D. The compacted coil-ball
mass is now delineated by the oblique lines.

D, Traced superimposed representations of A–C (artist’s ren-
dition). For clarity, only the 1-cm grid lines are portrayed (a por-
tion of the figure shows the 1-mm calibrations as a reference).
The shaded area at the aneurysmal neck represents the residual
uncoiled aneurysm. The area filled with oblique lines represents
the compacted coil-ball mass. ‘‘D’’ is the linear reference value
for the calculation of ‘‘A’’ (maximum luminal size, 20 mm), ‘‘B’’
(maximum luminal width, 12.7 mm), ‘‘C’’ (neck size, 4.8 mm),
and ‘‘E’’ (rest size after treatment, 5.2 mm).

rysmal neck size, the luminal size, and possibly the
degree of luminal packing (1, 13–15).

Aneurysmal lumens that are incompletely oblit-
erated surgically may enlarge and rehemorrhage,
remain unchanged, or undergo spontaneous throm-
bosis (16). Some of these changes in the aneurys-
mal residue have also been observed at the time of
follow-up angiography in aneurysms treated by the
endovascular route and may occur more frequently
in this group (1, 2, 4). Because of this potential for
change in coiled aneurysms, a follow-up angio-
gram is necessary for objective prognostication,
particularly at this stage of a new technique’s de-
velopment. Factors that influence changes in the
aneurysmal residue between treatment and follow-
up and in the success rates at the time of follow-
up have been less well studied.

The purpose of our study was to determine
which factors were most influential in determining
success of embolization at the time of initial treat-
ment and at the time of follow-up. We also evalu-
ated the morphologic changes in the residual aneu-
rysmal lumen between treatment and follow-up.

Methods
Patients were selected for study according to endoluminal

occlusion of one or more berry aneurysms using the GDC

system with preservation of the parent artery lumen and ac-
cording to digital or analog angiography before treatment, at
the completion of treatment, and at follow-up (6 months later
or at recurrence of symptoms), together with clinical charts and
cross-sectional imaging.

From each of the three angiographic studies, one image was
chosen because it most closely reflected the anatomy of the
aneurysm and its neck and because it reproduced as closely as
possible the projections in the other studies. This projection
was usually the one used during embolization. Each image, in
turn, was then projected onto calibrated paper (1-mm squares)
and superimposed on the previous image, using variable mag-
nification to allow for differences in radiologic magnification
between studies. A tracing was then made of the untreated
aneurysm and its neck, the treated aneurysm (with any residual
lumen), and the aneurysm at follow-up (Figs 1 and 2).

From the superimposed traced images, the following mea-
surements were performed: the percentage of occlusion of the
aneurysm was calculated for the posttreatment and follow-up
studies by counting squares; linear measures of maximum lu-
minal size and neck diameter (calculated from the pretreatment
tracing) were obtained using a reference vessel as described
by Zubillaga et al (15); and the size of the aneurysmal residue
(rest), if present, was calculated for the posttreatment and fol-
low-up angiograms, using the same linear reference (15). The
rest was defined as the small segment at the base of the an-
eurysm proximal to the coil ball that was still filled with con-
trast medium on postoperative and follow-up angiography and,
therefore, was morphologically similar to the surgical rest de-
fined by Mennonna et al (17). The rest dimension was calcu-
lated in millimeters as the longest length of exposed aneurys-
mal wall that was not protected by the coil-ball mass (Fig 3).
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FIG 2. Coil compaction.
A, Pretreatment angiogram.
B, Posttreatment angiogram.
C, Follow-up angiogram at 7 months of a wide-necked (4.6

mm) carotid termination aneurysm.
D, Traced image (artist’s rendition) derived from A, B, and C.

The shaded area represents the residual uncoiled lumen at the
time of treatment. The area filled by oblique lines is the additional
lumen exposed by coil compaction. This is an example of initial
treatment success (rest size , 2 mm) converting to failure at
follow-up (rest size 5 3.4 mm). For clarity, only the 1-cm cali-
brations have been rendered, with a portion of the figure showing
the full 1-mm grid lines. ‘‘D’’ 5 linear reference diameter; ‘‘A’’ 5
luminal size (12.2 mm); ‘‘B’’ 5 luminal width (8.6 mm); ‘‘C’’ 5
neck size (4–6 mm); ‘‘E’’ 5 rest size at follow-up (3.4 mm).

The presence of angiographic vasospasm at the time of treat-
ment was noted. When present, the linear reference value (15)
was invalidated. Instead, the follow-up study (without vaso-
spasm) was used to calculate the diameter of the midpoint of
the petrous portion of the internal carotid artery. Since this
portion is not affected by posthemorrhagic vasospasm, it will
have the same absolute value in both the treatment and follow-
up studies. For posterior circulation aneurysms with vaso-
spasm (n 5 3), the diagnostic angiograms (without vasospasm)
were used to calculate linear measurements (15).

Other information collected included age, sex, time between
treatment and follow-up, aneurysmal site (as internal carotid,
anterior, or middle cerebral and vertebrobasilar), and clinical
presentation (as mass effect, hemorrhage, or incidental aneu-
rysm). Hemorrhages were classified as acute if treated within
15 days of ictus, and as delayed if 16 days or more had
elapsed. Aneurysms were classified as sidewall, bifurcation or
terminal, anterior communicating, and vertebrobasilar junction.
The extent of luminal packing was subjectively noted on a
scale of 0 to 6, with occlusion of the fundus, body, and neck
of the aneurysm earning 0 to 2 units each (0 5 no coils or a
single loop, 1 5 loose packing with contrast staining visible
on angiography, and 2 5 tight packing without visible contrast
staining).

Success at treatment and at follow-up was defined as a rest
size equal to or less than 2 mm. Changes in size of the residue
(Figs 1 and 2), if any, between treatment and follow-up were
defined as a difference of more than 2.5% occlusion or a 0.25-mm
rest size (whichever was the smaller) and classified as 1) no
change, 2) decrease or disappearance, 3) increase because of
coil compaction, or 4) growth on the basis of expansion of the
aneurysmal wall.

Success at treatment and at follow-up was analyzed using a
x2 test versus aneurysmal site, aneurysmal type, maximum di-

mension of the aneurysmal lumen (small, ,10 mm; large,
10–25 mm; and giant, .25 mm), neck size to the nearest
whole number, clinical presentation, presence of vasospasm,
and degree of packing (Table 1). Changes in the aneurysmal
residue were correlated against these variables (Table 1). The
success rate for aneurysms treated acutely versus those treated
more than 16 days after a hemorrhage was analyzed using the
Fisher exact test (Table 2). No attempt was made to correlate
clinical outcome with angiographic success or failure at the
time of follow-up.

Results
From a cohort of 74 patients treated between

June 1992 and April 1995, 58 patients fulfilled the
study entry criteria. Sixteen patients were excluded
because either no follow-up angiogram was avail-
able or because the follow-up angiogram did not
satisfy entry criteria. The 58 patients were treated
for 63 aneurysms, and comprised 23 men and 35
women, with a mean age of 51 years (range, 18–
73 years). Mean time to follow-up angiography was
7 months (range, 0.25–14 months), with 90% being
more than 4 months.

Success, as defined by our criteria (rest size,
,2 mm), was achieved in 43 (70%) of 61 aneurysms
at treatment and in 41 (65%) of 63 aneurysms at
follow-up. Aneurysmal occlusion, expressed as a
percentage of the lumen, was, at completion of
treatment (n 5 61), less than 80% (n 5 5), 80%
to 90% (n 5 7), greater than 90% but less than
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FIG 3. Illustration showing the sometimes poor correlation be-
tween percentage of occlusion and rest size (length of exposed
aneurysmal wall after coiling). Aneurysms 1 through 4 are iden-
tical tracings. Aneurysm 1 has 100% occlusion and no rest. An-
eurysms 2 through 4 all have 95% occlusion, but quite different
rest sizes. The largest rest is in aneurysm 3 and the smallest in
aneurysm 2. Aneurysm 5 is a magnified image of aneurysm 4,
with the same percentage of occlusion but a larger rest size.

100% (n 5 32), and 100% (n 5 17). At follow-up
(n 5 63), aneurysmal occlusion was less than 80%
(n 5 13), 80% to 90% (n 5 11), greater than 90%
but less than 100% (n 5 17), and 100% (n 5 22).
The difference in the number of aneurysms be-
tween treatment (n 5 61) and follow-up (n 5 63)
is accounted for by two intraprocedural ruptures
that prevented measurement of percentage of occlu-
sion at the time of treatment. These two were in-
cluded in the analysis of success at follow-up.

The various factors that influenced success at the
time of treatment and at follow-up, as well as their
P values, are presented in Table 1. The frequency
of change in the aneurysm between treatment and
follow-up according to the various factors is also
provided in Table 1. The only factor to achieve
significance in predicting success at the time of
treatment was neck size (P 5 .002, with 86% suc-

cess for aneurysmal necks #4 mm and 50% suc-
cess for aneurysmal necks $4 mm).

Factors that achieved significance in predicting
success at the time of follow-up included neck size
(P 5 .008), success at the time of treatment (P 5
.0001), and the presence of vasospasm at the time
of treatment (P 5 .011). However, success at the
time of treatment has already been indicated to be
dependent on neck size, and a closer inspection of
the cases with vasospasm indicates that this signif-
icance (P 5 .011) is also likely to be a reflection
of neck size (mean neck sizes in aneurysms with
and without vasospasm were 3.37 mm and 5.04 mm,
respectively).

The mode of presentation of an aneurysm as in-
cidental, posthemorrhagic, or as a mass appears to
be a predictor of success at the time of follow-up
(P 5 .008) (Table 1). Differences in mean neck
size (3.84 mm, 4.30 mm, and 6.92 mm) can be used
to explain the differences in success in the three
main groupings of incidental (100%), posthemor-
rhagic (70%), and aneurysms with mass effect
(33%), with success at follow-up being inversely
proportional to neck size. In Table 2, the mode of
presentation has been expanded, indicating that the
success rate for aneurysms treated within 15 days
of ictus (84%) is greater than for those treated after
16 days (52%) (P 5 .045, Fisher exact test), de-
spite both a larger mean neck size (4.48 mm vs
4.09 mm) and a larger number of wide-necked an-
eurysms in the acutely treated group (11 of 25 vs
five of 21).

A number of other observations were made that
did not achieve statistical significance. The rate of
success at the time of treatment was greatest in ver-
tebrobasilar aneurysms (88%). At follow-up, the
rate of success was greatest in basilar-tip (12 of 15)
and anterior communicating artery (eight of 11) an-
eurysms, and lowest in internal carotid (eight of
16) and sidewall aneurysms (six of 12).

In 25 aneurysmal residues (41%) there was no
change in the interval between treatment and fol-
low-up. Twelve (20%) decreased in size or disap-
peared, 17 (28%) increased in size because of coil
compaction, and seven (11%) sustained new
growth. (In two aneurysms, no posttreatment re-
cording was possible, thus change could not be
determined.)

Thirty-six aneurysms (59%) had a measurable
change between treatment and follow-up; however,
this change was usually small and was only suffi-
cient to alter its status as a success or failure in 14
aneurysms (23%). Of these 14, nine successes con-
verted to failures and five failures converted to suc-
cesses, for a net deficit of failures between treat-
ment and follow-up of four aneurysms.

Aneurysmal growth occurred in seven cases and
was seen most frequently in internal carotid (four
of 16) and sidewall (four of 11) aneurysms, in ini-
tial treatment failures (five of 18), in large and giant
aneurysms (six of 39), and in wide-necked aneu-
rysms (seven of 26).
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TABLE 1: Influence of variables in the aneurysms versus success at time of treatment, success at follow-up, and change in the aneurysm

n
Treatment

Success (%) P Value
Follow-up

Success (%) P Value

Change in Aneurysm from Treatment to Follow-up

No
Change

Rest
Smaller
or Gone Compaction Growth

All cases 63 71‡ 65 25 12 17 7

Site
ICA
ACA
MCA
V/B

63
16
13
8

26

63
62
50
88‡

.084
50
69
63
73

.457
4
7
3

11

4
3
2
3

4
1
3
9

4
2
0
1

Type
S/W
BIF/TER
AcoA
V/B JCT

63
12
38
11
2

73†
73†
55

100

.559
50
66
72

100

.461
3

15
6
1

2
7
3
0

2
13
1
1

4
2
1
0

Lumen size
,10
11–24
251

63
23
35
5

86†
59†
80

.548
74
68
20

.071
14
10
1

2
10
0

5
10
2

1
4
2

Neck size
#4 mm
51 mm

63
37
26

83‡
55

.002
81
48

.008*
18
7

6
6

6
11

0
7

P/C
Incidental
SAH (all)
Mass

63
5

46
12

80
71‡
58

.548
100
70
33

.008*
4

19
2

1
10
1

0
12
5

0
3
4

Vasospasm
Spasm
None

10
53

88‡
68

.257
100
59

.011*
3

22
5
7

0
17

0
7

Packing density
3
4
5
6

63
5

22
22
14

40
76†
67†
79

.369
40
50
77
79

.104
4
6
8
7

0
4
5
3

1
8
4
4

0
3
4
0

Success at treatment
Success
Failure

61
43
18

79 .0001*
22
3

7
5

12
5

2
5

Note.—I/op rupture indicates rupture of aneurysm during treatment; ICA, internal carotid artery; ACA, anterior cerebral artery; MCA, middle
cerebral artery; V/B, vertebrobasilar; S/W, sidewall; BIF/TER, bifurcation or terminal; AcoA, anterior communicating artery; V/B JCT, vertebro-
basilar junction; P/C, mode of presentation; SAH, subarachnoid hemorrhage.

* P values 5 significance . .05.
† One aneurysm ruptured at time of treatment.
‡ Two aneurysms ruptured at time of treatment.

TABLE 2: Mode of presentation by mean neck size and percentage
of success at follow-up

Mean Neck Size
(mm) Success (%)

Incidental
Posthemorrhage

SAH ,15
SAH 161

Masses

3.84
4.30
4.48
4.09
6.92

100
69.6
84
52.4
33

Note.—SAH ,15 or SAH 161 indicates aneurysms treated within
15 days of subarachnoid hemorrhage or after 16 days.

Compaction was least common in anterior com-
municating artery aneurysms (one of 11) and most
common in vertebrobasilar aneurysms (nine of 24).
Compaction was slightly more common in wide-
necked (nine of 26) and poorly packed (nine of 26
for packing grades 3–4) aneurysms, and in those
occurring as mass lesions (five of 12).

No change or partial/complete thrombosis of the
aneurysmal residue (between treatment and follow-
up) may be regarded as a stable residue. This sta-
bility was seen more frequently in anterior com-
municating (nine of 11) and narrow-necked (24 of
35) aneurysms and in the presence of vasospasm
(eight of eight) and good packing (14 of 26 for
grades 3–4 and 10 of 14 for grade 6). In descending
order, the most stable embolizations were in inci-
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dental aneurysms (five of five), aneurysms treated
acutely after hemorrhage (17 of 23), aneurysms
treated 16 or more days after hemorrhage (12 of
21), and aneurysms occurring as mass lesions
(three of 12).

By comparing the results from the first 31 an-
eurysms treated with the results from the next 32
aneurysms, a learning curve was determined: suc-
cess at treatment and at follow-up was 61% and
52% for the first 31 aneurysms, and 80% and 78%
for the second group. The second group also showed
a higher percentage of stable rests (73% vs 52%)
and a lower rate of occurrence of compaction (17%
vs 36%). The two perforations that occurred were
in the second group, reflecting our unit’s move to-
ward treating a larger number of ruptured aneurysms.

Discussion

Limitations of the Study
The study population was derived from patients

with aneurysms who were referred for endovascu-
lar therapy at our unit between 1992 and 1995. Re-
ferral was based on anticipated surgical difficulty
or surgical failure, and the aneurysms in the group
of patients studied were generally representative of
those aneurysms that were then treated by the en-
dovascular route (1, 2, 4). The greater number of
posterior circulation aneurysms and large and giant
aneurysms in this study reflects the increased sur-
gical morbidity in these patients (9, 18, 19). The
study, therefore, is not representative of the popu-
lation with aneurysms treated surgically (7, 20, 21),
and caution should be exercised in extrapolating
data derived from it to the general population. A
second caveat is derived from the selection criteria
that required preservation of the parent artery, thus
excluding those aneurysms treated by endovascular
parent artery occlusion. Finally, the aneurysms
treated represented the early experience of the au-
thors, and current success rates would be expected
to be greater with more recently treated aneurysms
because of improved selection criteria, treatment
strategies, and the availability of a greater range of
coil sizes and types. The higher success rates at
treatment and at follow-up as well as the lower rate
of occurrence of compaction in the second group
of 32 aneurysms treated is illustrative of this point.

A limitation of the study is the lack of any cor-
relation between angiographic success or failure
and clinical outcome. At the time of the study, our
unit was one of the few centers in Britain providing
this treatment, and most referrals were from outside
centers. Clinical records, therefore, were difficult to
obtain within the period of data analysis and were
incomplete as compared with the angiographic
data. A decision was made to study only the an-
giographic data as well as any complete clinical
data that were available at the time of referral.

The method used to measure the degree of pack-
ing of the aneurysmal lumen is a subjective one

and, as such, may be open to criticism. The degree
of packing was assessed as a factor in the success
of treatment, because experimental studies had
shown that compaction occurred after coil place-
ment (13, 14). Graves et al (13) reported in a lon-
gitudinal study that compaction occurred in the first
week after coil placement, and Mawad et al (14)
reported that compaction was a cause of treatment
failure. Although we noted a trend for more tightly
packed aneurysms to have fewer treatment failures
at follow-up (40%, 50%, 77%, and 79% for pack-
ing grades 3, 4, 5, and 6, respectively), this trend
did not achieve statistical significance (Table 1). In
part, this failure to establish significance may be a
reflection of the subjective method used to measure
the degree of packing.

The reference standard for linear measurements
was derived from Zubillaga et al (15). While this
decision may be criticized on the grounds that we
have studied a different population, it does at least
provide a ‘‘norm,’’ so that the same error, if any,
applies to all cases. Second, this reference value
cannot be applied in cases in which vasospasm is
present (15). In those patients, a different method
was used (see Methods). It may be argued that be-
cause seven of the 10 patients with vasospasm were
in the acutely treated group, use of a different linear
reference value in this group introduces a bias that
might account for the higher success rate observed
in the acutely treated group (84%) versus those
treated after 16 days (52%) (Table 2). Exclusion of
those patients with vasospasm from analysis, how-
ever, actually raises the mean neck size in the
acutely treated group to 5.05 mm (4.13 mm for
those with delayed treatment) and would only
slightly affect the differential success in the two
groups (77% for acutely treated patients and 47%
for those with delayed treatment), so that use of a
different reference value for linear measurements
does not appear to be a potentially significant error.

A number of other potential sources of error
arise out of the methodology. The first stems from
the differences in magnification used when obtain-
ing angiograms. These differences in magnification
were corrected for by using a standard lecture room
overhead projector to project the angiographic im-
ages onto the calibrated paper. By adjusting the dis-
tance from the projector to the wall on which the
paper was pinned, different degrees of magnifica-
tion were created that allowed the projected images
to be accurately superimposed on one another.

Differences in the angle of projection between
the different angiograms might have been more
problematic were it not for the fact that the angle
of projection that was used for the pretreatment and
posttreatment studies was one of the two projec-
tions used in coil embolization. This same projec-
tion angle was used immediately before deploy-
ment of the first coil (the pretreatment angiogram)
and at the end of the coiling (the posttreatment
study) and was chosen because, among other fac-
tors, it best displayed the relationship of the aneu-
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rysm and its neck to the parent artery and its
branches. A greater difficulty arose when matching
these two projections with the follow-up angiogram
obtained months later. While it was our practice at
the time of follow-up to reproduce as closely as
possible the same projection used during emboli-
zation, this was not always identical, as shown in
Figures 1 and 2, particularly if this projection was
not the one that showed compaction or growth to
its greatest extent (Fig 1). In the latter situation, we
would search the pretreatment and posttreatment
angiograms to find the projection that most closely
approximated the follow-up study. At all times in
the study we attempted to match the anatomy at the
neck region above all else in order to calculate
changes in the rest as accurately as possible.

We defined a change in the aneurysmal residue
between treatment and follow-up as having oc-
curred when the percentage of occlusion changed
by greater than 2.5% or when the rest had changed
by greater than 0.25 mm. We minimized errors in
this calculation by 1) using paper calibrated to 1 mm,
2) always maximally projecting the image of the
aneurysm to cover the largest number of whole
squares (usually between 200–400), 3) counting
partial squares as well as whole ones, and 4) re-
petitively measuring images of coiled and uncoiled
aneurysms before beginning the study until we
could achieve an error rate less than the change we
were searching for. We accept, however, that errors
in our methodology will probably overestimate the
number of aneurysms that changed between treat-
ment and follow-up.

Finally, it is axiomatic that aneurysms are 3D
structures that cannot be easily reduced to a 2D
analysis. It is our hope that a future study that looks
at changes in the aneurysm using a 3D analysis will
confirm our findings.

In previous reports, the angiographic measure-
ment of the success of endovascular treatment of
aneurysms has usually been presented as a subjec-
tive percentage of occlusion (1–4, 15, 22) or sim-
ply as a descriptive term, such as ‘‘incompletely
treated’’ (14). Objective measurements of the per-
centage of occlusion have the advantage of repro-
ducibility and can be used, as in this study, to as-
sess subtle changes in the residual lumen in
longitudinal studies. This method, however, is
time-consuming and contains two flaws. First, the
same percentage of occlusion in different-sized an-
eurysms will produce different-sized residual lu-
mens, and, second, the same percentage of occlu-
sion in identically sized aneurysms can leave
different lengths of the aneurysmal wall exposed
(Fig 3). An alternative is to measure the size of the
aneurysmal rest. This measurement of the rest size
is quick, reproducible, and widely used in the neu-
rosurgical literature (16, 17, 23–27) (allowing com-
parison between surgical and endovascular tech-
niques) and establishes a correlation between rest
size and risk of rehemorrhage (25). While the min-
imum size at which a rest is safe from rehemor-

rhage is controversial (17, 26), one apparently gen-
erally held view among various authors is that
aneurysmal rests of less than 2 mm carry a basi-
cally benign prognosis (17). On this basis, we de-
fined successful treatment as a rest size equal to or
less than 2 mm.

Factors Influencing Success Rates
Because of the way we defined success, our re-

sults at follow-up will appear to be greater than that
of others who defined success as 100% occlusion
(4). Applying this same 100% criterion to our an-
eurysms, however, produces success rates that are
almost identical.

By our definition of success, 35% of our aneu-
rysms were failures at follow-up. Even allowing for
the increased number of posterior circulation an-
eurysms in this series, with their higher rate of oc-
currence of rests (9, 17), this failure rate is signif-
icantly higher than the 5% observed in surgical
series (16, 17). Even though angiographic follow-
up of small surgical rests is not commonly asso-
ciated with enlargement and rehemorrhage (16),
nonetheless an increased risk of such an event ex-
ists in incompletely treated aneurysms (11, 23–26,
28–30), and it is important that the factors that in-
fluence success be studied to enable better case
selection.

Previous studies have reported that luminal size,
neck size, and, experimentally, the degree of pack-
ing of the aneurysmal lumen are factors that influ-
ence successful treatment of aneurysms (2–4, 13–
15, 31). Hilal argued the importance of neck size
(31), noting that smaller necks would be more like-
ly to be bridged by the mesh of the coil ball, thus
excluding the aneurysmal lumen from the parent
circulation and allowing the endothelium to cover
the neck. A success rate of 85% was achieved for
aneurysms with necks 4 mm or less versus 16% for
wide-necked aneurysms (15). Our results confirm
the importance of neck size as a predictor of suc-
cess, both at treatment (P 5 .002) and at follow-
up (P 5 .008). The importance of neck size is re-
inforced by the finding that both vasospasm (P 5
.011) and success at the time of treatment (P 5
.0001) were predictors of success at follow-up. In
addition, neck size influences the likelihood of
change in the rest, both directly as well as indi-
rectly, through its correlation with luminal diame-
ter, vasospasm, and success at treatment.

Although we have confirmed the trend noted by
others for luminal size to influence success (1–3),
we do not believe that it is an independent predictor
of success, and any significance of luminal size as
a factor in this study (P 5 .07) is likely to be
secondary to its direct correlation with neck size
(mean neck sizes for small, medium, and large an-
eurysms were 3.35 mm, 5.34 mm, and 8.2 mm,
respectively). We believe that this same argument
holds true for the significance of luminal diameter
as a factor influencing change in the rest.
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The success or failure of treatment at follow-up,
according to mode of presentation, is presented in
Tables 1 and 2. Our results suggest a further sig-
nificant differential success rate for the aneurysms
treated before and more than 15 days after hem-
orrhage (84% and 52%, respectively) that cannot
be explained on the basis of differences in mean
neck size or number of wide-necked aneurysms be-
tween these two groups. This observation raises the
intriguing possibility that the acutely ruptured an-
eurysm may be more receptive to thrombosis of the
lumen after coil placement than those that are treat-
ed after an interval. Evidence that might support
this suggestion comes from two sources. Casasco
et al (2) treated 71 aneurysms with fiber coils, 67
of them after a hemorrhage, and noted a 100% oc-
clusion rate in 85%. This is a significantly higher
success rate than that recorded in this study or else-
where (4) and may reflect a higher percentage of
cases treated after hemorrhage. Part of this success,
however, may be explained by the increased throm-
bogenicity of the fiber coils used (13). Also, en-
doluminal thrombus may transiently form within an
aneurysmal lumen after rupture (32–34), and it is
speculated that placement of a coil into the throm-
botic milieu of a recently ruptured aneurysm may,
with the additional electrothrombotic effect in-
duced by coil detachment (22), encourage aneurys-
mal thrombosis. Our suggestion that early treat-
ment may be associated with a higher success rate
is based on a small number of cases and requires
confirmation by a larger study.

Morphologic Changes in the Aneurysmal Residue
Changes in size of the aneurysmal rest between

treatment and follow-up have been observed after
both coiling and surgical clipping (2, 4, 16) and
include decreases in size or obliteration of the res-
idue as well as, less commonly, an increase in its
size (16). In this study, changes were observed in
36 (59%) of 61 treated aneurysms. While this sug-
gests that the aneurysmal residues were unstable,
the criteria used to decide that a change had oc-
curred were deliberately severe, so as to provide a
large enough group for a meaningful analysis of
change. In fact, the number of aneurysms that ac-
tually changed their status as successes or failures
as a result of these changes was much smaller (14
[23%] of 61) and the net deficit of successes was
even smaller (four [6.6%] of 61). An example of
this is the apparently contradictory finding that
while compaction was seen in nine (35%) of 26
vertebrobasilar aneurysms, the difference in suc-
cess rates at treatment and follow-up was only
14%. The likelihood of change in rest morphologic
features appears to depend primarily on neck size,
with both growth and compaction occurring more
frequently in wide-necked aneurysms. Growth of a
preexisting aneurysm occurs from its wall (35),
and, to prevent growth after coiling, successful
treatment of the aneurysm must isolate the thinner

wall of the aneurysm from the hemodynamic forces
that contribute to its enlargement (6, 10, 36). Since
rehemorrhage after surgical treatment correlates
with the presence of a rest (5–11) and this risk in-
creases with increasing rest size (25), it is predict-
able that aneurysmal growth after endovascular
coiling would likewise occur more often in the
presence of treatment failure, and particularly those
failures that had larger rests. This argument is sup-
ported by the finding that five growths occurred in
initial treatment failures (n 5 18), with a mean rest
size of 6.4 mm (range, 4.7–10.4 mm). Wide-necked
aneurysms are also more likely to have compaction
at follow-up, presumably because hemodynamic
forces are able to act on a larger surface area of
the coil ball at the neck of the aneurysm. While we
did not establish a significant link between the de-
gree of packing and success at treatment, there was
a trend toward significance at follow-up (P 5 .104).
Well-packed aneurysms were less likely to change
and less likely to show coil-ball compaction than
less well-packed lumens, reinforcing experimental
suggestions that this is an important factor in the
stability of the residue (13, 14).

Strother et al (36) have reported that the flow
within experimental aneurysms is predictable and
that it varies primarily according to the relationship
of the aneurysm to its parent artery. While we did
not specifically address this assertion, we did ob-
serve a number of findings that lead us to suggest
that this is an important variable in the success of
endovascular therapy. Aneurysmal growth was
most common in sidewall aneurysms, and compac-
tion occurred most frequently in bifurcation and
termination types. This may be a reflection of the
differences in inflow patterns at the ostia of the
aneurysms. Anterior communicating artery aneu-
rysms, which are not easily placed into one of the
types described by Strother et al (36), rarely had
compaction (one of 11) or growth (one of 11), with
nine of 11 having no change or progressive throm-
bosis. In this case, it is possible that turbulence in-
duced by colliding inflows from the opposing A1
segments acts to encourage the formation of throm-
bus in the presence of coils within the aneurysmal
lumen. Finally, compaction or growth of aneu-
rysms was not seen with aneurysms treated in the
presence of vasospasm, and five of eight such an-
eurysms had progressive thrombosis between treat-
ment and follow-up. While this could be a reflec-
tion of the smaller neck size in those aneurysms
with vasospasm, alterations in inflow hemodynam-
ics occurring as a consequence of the vasospasm
may be a contributing factor.
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