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Intracranial Aneurysms Treated with Guglielmi
Detachable Coils: Midterm Clinical and

Radiological Outcome in 97 Consecutive Chinese
Patients in Hong Kong

Simon C. H. Yu, Michael S. Y. Chan, Ronald Boet, Jeffrey K. T. Wong,
Joseph M. K. Lam, and Wai S Poon

BACKGROUND AND PURPOSE: Use of Guglielmi detachable coils (GDCs) has proved to be
a promising endovascular treatment for intracranial aneurysms. This study aimed to evaluate
midterm clinical and radiologic outcomes of this treatment in Hong Kong Chinese patients,
68% of whom had small aneurysms (<5 mm).

METHODS: We included 97 consecutive patients in whom GDCs were placed with curative
intent. The patients presented with subarachnoid hemorrhage (n � 80) or mass effect (n � 17).
The aneurysms measured 5 cm � 2.8 mm; 68% were <5 mm. All patients were followed up
clinically for an average of 54.5 � 20.9 months and radiologically with sequential digital
subtraction angiography at 6 and 18 months.

RESULTS: Total occlusion of the aneurysm was successfully achieved in 71.1% of patients
after the initial treatment and in 82.5% after subsequent treatments. The retreatment rate was
17.5%. Procedure-related complication and mortality rates were 11.3% and 0%, respectively.
The overall mortality was 5%, including mortality due to treatment failure in 1%. Neurologic
outcomes were excellent in 77% of patients. Improved neurologic status, unchanged status, and
deteriorated status was noted in 61.5%, 22%, and 16.5% of patients, respectively, at the end of
the follow-up period. Intrinsic differences existed between Chinese and Western patients
regarding the size of the aneurysm at presentation, periprocedural complications, and progres-
sion patterns of anatomic outcomes.

CONCLUSION: Endovascular coiling with GDCs is a reasonably effective and safe treatment
for intracranial aneurysms in this group of Hong Kong Chinese patients, with favorable clinical
and radiologic outcomes.

Thirteen years have elapsed since the first endovas-
cular procedure with the Guglielmi detachable coil
(GDC) was performed for the treatment of saccular
intracranial aneurysms. The technique has proved to
be promising its early results (1–11) and midterm
outcomes (12, 13). In a randomized European-US
trial comparing neurosurgical clipping (1070 cases)
with GDC treatment (1073 cases) for ruptured intra-
cranial aneurysms, short-term outcomes in terms of
disability-free survival at 1 year were significantly bet-
ter with GDCs, though the long-term risk of bleeding

from the treated aneurysm may be somewhat higher
with coiling (14). However, we have observed in our
Chinese patients that small aneurysms (2–5 mm) con-
stitute a major portion of clinically presenting aneu-
rysms. The efficacy of GDC treatment in such pa-
tients remains to be determined. This prospective
study aimed to evaluate the midterm clinical and
radiologic outcomes in 97 consecutive Chinese pa-
tients in Hong Kong, nearly 70% of whom had aneu-
rysms sized 2–5 mm.

Methods

Patient Demographics
We included 97 consecutive patients in whom intracranial

saccular aneurysms were treated with endovascular GDCs dur-
ing the period from May 1995 to July 2001. All patients were
local Hong Kong Chinese patients from a single medical cen-
ter. They included 39 men and 58 women, with an average age
of 56.8 years � 12.9, (median, 58 years; range, 22–80 years).
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Eighty patients presented with subarachnoid hemorrhage
(SAH), and 17 presented with mass effect. The severity of
SAH, as categorized by the World Federation of Neurologic
Surgeons was grade I in 46 patients, grade II in 12 patients,
grade III in five patients, grade IV in 11 patients, and grade V
in six patients. In 77 patients, the presenting aneurysm was the
only aneurysm. An additional incidental aneurysm was present
in 10 patients. Seven patients had two additional aneurysms,
and three patients had three additional aneurysms.

Aneurysm Characteristics

Only the presenting aneurysm was treated in each patient.
The size of each aneurysm was measured with digital subtrac-
tion angiography (DSA). They ranged from 2 to 16 mm, with a
median of 4 mm and an average of 5 mm � 2.8 mm. More than
two-thirds of the aneurysms (68%) were 2–5 mm (Table 1). An
interventional neuroradiologist (M.S.Y.C. or S.C.H.Y.) mea-
sured the aneurysms by electronic means on the best DSA
projections. The size of all 197 clinically presenting aneurysms
diagnosed and treated with clipping or GDC treatment in our
center during the same period was also analyzed. The propor-
tion of small aneurysms �5 mm in the whole group of 197 was
70.1% (Table 1), consistent with that observed in the GDC
treated group. The ratio of aneurysmal sac to neck diameters
was always �1. About three-quarters (75.3%) of the aneurysms
were located at the internal carotid artery (49.5%) or the
anterior communicating artery (25.8%). The locations in the
internal carotid artery were specifically the posterior commu-
nicating artery (n � 29), the ophthalmic artery (n � 12), the
cavernous segment (n � 4), the supraclinoid segment (n � 2),
and the anterior choroidal artery (n � 1). Locations of the
other 24.7% of the aneurysms included the middle cerebral
artery (n � 7), the vertebral artery (n � 6), the posterior
cerebral artery (n � 3), the superior cerebellar artery (n � 3),
the anterior cerebral artery (n � 2), the basilar artery (n � 2),
and the posterior inferior cerebellar artery (n � 1).

Treatment Strategy

Clinically symptomatic aneurysms were diagnosed in 202
patients during the study period. The aneurysms were not
treated in five because of a moribund patient condition due to
severe SAH. Endovascular treatment was the treatment of
priority in our center. The criteria used to select patients for
endovascular treatment were an aneurysm �2 mm, and a ratio
of aneurysm-sac diameter to aneurysm-neck diameter of �1.
The presenting aneurysms of 97 patients fulfilled these two
criteria, and all were treated with GDC embolization. One
hundred patients were treated with surgical clipping.

Neurosurgeons made the decision to treat the patients. An
interventional neuroradiologist (M.S.Y.C. or S.C.H.Y.) and a
neurosurgeon (W.S.P., J.M.K.L., or R.B.) jointly selected the
treatment technique. In Hong Kong, asymptomatic patients are
not evaluated with imaging studies such as CT angiography,
MR angiography, or DSA as a standard practice. Therefore,

incidental or asymptomatic aneurysms are rarely discovered for
treatment.

Endovascular Procedure

All endovascular procedures were performed at the authors’
institution, essentially by an interventional neuroradiologist
(M.S.Y.C. or S.C.H.Y.), with the assistance of a neurosurgeon
(W.S.P., J.M.K.L., or R.B.). The endovascular treatment for
the initial 73 patients was performed by a senior interventional
neuroradiologist who had 2–6 years of cumulative experience
in interventional neuroradiology during the study period. The
subsequent 24 patients were treated by another interventional
neuroradiologist who had 1–3 years of cumulative experience in
interventional neuroradiology. A Philips V3000 DSA unit
(Philips Medical Systems, Best, the Netherlands) was used in
the treatment of the first 86 patients. A Philips BV5000 bi-
plane DSA unit (Philips Medical Systems) was used for the last
11 patients.

The procedure of GDC embolization was performed within
a median of 4 days after clinical presentation, with the patient
under general anesthesia. In all patients, the neck vessels were
accessed with a 6F guiding catheter introduced through a
femoral arterial approach. The aneurysms were catheterized
with a FasTracker 18 or 10 microcatheter (Target Therapeu-
tics, Freemont, CA). After deployment of the first GDC, the
patients received a single intravenous bolus of 2000–3000 IU of
heparin. Complete occlusion of the aneurysm was attempted in
each case. The number of GDCs used for each aneurysm varied
from 1 to 12, with a median of 4 and an average of 4.4 � 2.7.
A total of 428 coils were used. The length of the GDC used for
each aneurysm ranged from 4 to 270 mm, with a median of 24
mm and an average of 45 � 55 mm. The total length of the coils
was 4362 mm.

Immediately after the procedure, DSA was performed to
assess the degree of aneurysm occlusion, which was classified as
follows: total occlusion (100%) when the sac and neck were
densely packed with no contrast material visible, as subtotal
occlusion (95%–99%) when the sac was occluded and an ob-
vious small neck remnant was visible or when there was doubt
about the presence of a neck remnant, or as incomplete occlu-
sion (�95%) when loose packing and persistent opacification
of the sac or the neck remnant were seen (13). The interven-
tional neuroradiologist and neurosurgeon who took part in the
treatment procedure judged the degree of occlusion together
with an independently observing neurosurgeon (W.S.P.,
J.M.K.L., or R.B.).

Outcome Assessment

The neurosurgeons closely monitored the patients before
their discharge home from the hospital. After discharge, the
patients were followed up at 1- to 6-month intervals in an
outpatient clinic where they underwent clinical assessment by a
neurosurgeon and an interventional neuroradiologist. Fol-
low-up DSA images were also reviewed by the neurosurgeon
and the interventional radiologist together. Clinical evaluation
was based on the Glasgow Outcome Scale (GOS). A score of 1
indicated good recovery without neurologic deficit, 2 indicated
moderate disability (The patient was independent but dis-
abled.), 3 indicated severe disability (The patient needed the
assistance of another person for some activities of daily living.),
4 indicated a vegetative state, and 5 indicated death. The
clinical outcome of patients included in the outcome analysis
was represented by the GOS score at the latest clinical visit at
15–89 months (average, 54.5 months � 20.9) after GDC treat-
ment. The change in neurologic status from before GDC treat-
ment to the latest follow up visit was graded as improved,
unchanged, or deteriorated. Change in neurologic status was
also observed before and after subsequent treatment following
the first GDC treatment.

TABLE 1: Size of aneurysms

Size
mm

No. of Aneurysms
Treated with GDCs

No. of Aneurysms
Treated at the

Authors’
Institution

No. of Aneurysms
Treated at Three
Major Institutions

in Hong Kong

�5 66 (68) 138 (70.1) 170 (63.4)
6–10 26 (27) 50 (25.4) 72 (26.9)
11–15 4 (4) 8 (4) 12 (4.5)
�15 1 (1) 1 (0.5) 14 (5.2)

Total 97 (100) 197 (100) 268 (100)

Note.—Numbers in parentheses are percentages.
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Sequential follow-up DSA was performed in all patients at 6
and 18 months after GDC embolization to observe for recur-
rence or progression of the treated aneurysms. Subsequent
treatment was performed with surgical clipping when follow-up
DSA revealed an enlarging residual or recurrent aneurysm with
a morphology amenable to clipping for cases in which GDC
coiling was considered less preferable (15–17). For other cases
of enlarging residual or recurrent aneurysms, a repeat GDC
treatment was performed (18–23). An interventional neurora-
diologist (M.S.Y.C. or S.C.H.Y.) and a neurosurgeon (W.S.P.,
J.M.K.L., or R.B.) jointly made the decision for retreatment.
When follow-up DSA showed f a residual or recurrent aneu-
rysm that was small and that had static or slight marginal
growth, no further treatment was offered, and the patient was
observed clinically and angiographically.

Results

Periprocedural Complications
Procedure-related complications occurred in 11

cases (11.3%). All of these complications occurred in
patients with an aneurysm not bigger than 5 mm.
Periprocedural rupture of the aneurysm occurred in
seven patients; all of these cases occurred during coil
packing, and none resulted in mortality during the
follow-up period. Subsequent clinical follow-up
showed a GOS score of 1 in two patients, 3 in two
patients, and 4 in three patients. Thromboembolism
occurred in two patients, both of whom recovered
completely with a GOS score of 1. Of three cases of
arterial spasm, one was associated with periproce-
dural aneurysmal rupture. Another patient with pro-
cedure-related arterial spasm initially presented with
high-grade SAH and a poor Glasgow coma scale
(GCS) score and subsequently died of sepsis. The
remaining patient with vasospasm made a full recov-
ery, with a GOS score of 1. None of the procedure-
related complications led directly to a fatal outcome.

Immediately following the procedure, 34 (35%) of
97 patients were monitored in the intensive care unit
for an average of 1.79 days � 3.8. The average dura-
tion of hospital stay was 19.1 days � 18.9; the median
was 13 days.

Mortality and Clinical Outcomes
Five patients died during the follow-up period.

There was no procedure-related mortality. The only
treatment-related death was due to rupture of an
incompletely occluded aneurysm that had been static
in size on follow-up DSA and not treated further. An
improvement in neurologic status had been observed
in this patient after the initial GDC treatment. The
rupture occurred at 18 months after GDC treatment.
Therefore, the mortality rate due to treatment failure
was 1%. The other four deaths were due to rupture of
a second incidental aneurysm at 5 months after GDC
treatment for an aneurysm that presented with mass
effect in one patient or due to sepsis in the other
three patients who presented with high-grade SAH
and a poor GCS score. GDC treatment was techni-
cally successful in these three patients, with the an-
eurysms totally occluded. One patient had two epi-
sodes of ischemic stroke at 2 years and at 3 years after

GDC treatment. With these six patients excluded, the
clinical outcomes of the other 91 patients (94%), were
a GOS score of 1 in 70 patients (77%), 3 in nine
patients (10%), and 4 in 12 patients (13%). As com-
pared before GDC treatment, neurologic status im-
proved in 56 patients (61.5%), was unchanged in 20
patients (22%), and deteriorated in 15 patients
(16.5%). The change in neurologic status in relation
to clinical presentation is shown in Table 2.

Angiographic Outcome and Subsequent
Treatment

Immediate postprocedural DSA showed total an-
eurysmal occlusion in 80 (82.5%) of 97 cases, subtotal
occlusion in six cases (6.2%), and incomplete occlu-
sion in 11 cases (11.3%). Of the 80 patients with
initial total occlusion, three were lost to follow-up
because of high-grade SAH and poor GCS and sub-
sequently death from sepsis. Of the other 77 aneu-
rysms, 67 (87%) remained completely occluded, as
shown on the two sequential follow-up DSA studies.
A recurrent aneurysm occurred in the other 13 aneu-
rysms (16.3%), of which five were treated with surgi-
cal clipping and four with repeat GDC. Two of the
four remaining recurrent aneurysms were static in
size, and the other two increased only slightly; there-
fore, no subsequent treatment was offered in these
four cases. Of the six aneurysms with initial subtotal
occlusion, one became completely occluded, as shown
on the sequential follow-up DSA, and three were
static in size. The two remaining aneurysms were
treated with surgical clipping. Of the 11 aneurysms
that were incompletely occluded initially, six were
treated with surgical clipping, one became completely
occluded subsequently, and four were static in size. At
the end of the follow-up period, 67 (69.1%) of 97
aneurysms became totally occluded after one GDC
treatment, including the two aneurysms that were
subtotally and incompletely occluded initially but that
became totally occluded later.

A total of 17 subsequent procedures were per-
formed (retreatment rate, 17.5%); nine involved clip-
ping, and eight, coiling with GDCs. Six of the nine
clipped aneurysms and five of the eight coiled aneu-
rysms became completely occluded on follow-up
DSA. Therefore, aneurysms in 80 of the 97 patients
were totally occluded at the end of the follow-up
period after the initial and subsequent treatment, for

TABLE 2: Change in neurologic status by clinical presentation

Clinical Presentation

Change in Neurologic Status

Improved Unchanged Deteriorated

Mass Effect 9 6 1
SAH I 25 12 7
SAH II 7 1 4
SAH III 3 0 2
SAH IV 9 1 1
SAH V 3 0 0

Total 56 20 15
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a success rate of 82.5%. There was no change in
neurologic status in five of the nine patients subse-
quently treated with clipping and in all eight patients
treated with GDCs. The other four patients treated
with clipping had an improved neurologic status.

Discussion

Characteristics of Aneurysm
In our group of 197 Chinese patients treated in our

center, a high proportion (70.1%) of the presenting
aneurysms consisted of small aneurysms 2–5 mm (Ta-
ble 1). Of the 97 patients treated with GDC emboli-
zation, most (68%) presented with aneurysms �5 mm
(Table 1).

In a 3-year period, 266 Chinese patients in Hong
Kong presenting with SAH and were in three major
local hospitals, including the authors’ hospital, which
provide care to most patients with SAH in Hong
Kong. In these patients, who are supposedly repre-
sentative of the Chinese population in Hong Kong,
170 (63.4%) of 266 aneurysms were �5 mm (Table 1).
Such a high proportion of small aneurysm (�5 mm) is
consistent with the findings in the authors’ patient
group. There is no statistically significant difference
among the three proportions: 66 of 97, 138 of 197,
and 170 of 268 (P � .3086, chi-square test).

On the basis of these observations, we postulate
that Chinese patients in Hong Kong tend to present
with intracranial aneurysms at an earlier stage and

therefore a smaller size due to unknown intervening
factors.

Outcome Analysis by Size of Aneurysm
We analyzed the clinical and radiologic outcome of

small aneurysms, as well as the procedure-related
complications, mortality rates, and the need for sub-
sequent procedures with respect to the size of aneu-
rysms (Table 3). A high success rate of total occlusion
was achieved in aneurysms �5 mm (58 of 66). This
success rate was significantly higher than that
achieved in aneurysms �5 mm (22 of 31) (Table 3).
(P � .0422, Fisher exact test). There was no signifi-
cant difference in the clinical outcomes for aneurysms
smaller or larger than 5 mm. A GOS score of 1 was
observed in more than three-quarters of the cases in
both groups (Table 3) (P � .5660, Fisher exact test).

In our group of patients, the size of the aneurysm
appeared to be an important factor affecting the occur-
rence of periprocedural complications. All 11 cases with
complications occurred in patients with aneurysms �5
mm, and no complication occurred during the treat-
ment of larger aneurysms (Table 3). This difference is
proved to be statistically significant (P � .0108, Fisher
exact test). Larger aneurysms did not pose a higher risk
of mortality in our patients. The overall mortality rate
was not significantly higher in aneurysms �5 mm (three
of 31 vs two of 66, Table 3) (P � .1845, Fisher exact
test). The size of the aneurysm did not affect the need
for subsequent treatment. About the same proportion

TABLE 4: Clinical and radiologic outcome analysis by presentation and SAH severity

Complication
Rate

Mortality
Rate

Glasgow Outcome Score Occlusion
Subsequent
Procedure1 2 3 4 Total Subtotal Incomplete

Presentation
SAH 10/80 (12.5) 4/80 (5) 55/75 (73.3) 0 9/75 (12) 11/75 (14.7) 67/80 (83.8) 4/80 (5) 9/80 (11.2) 15/80 (18.75)
Mass effect 1/17 (5.9) 1/17 (5.9) 15/16 (93.7) 0 0 1/16 (6.3) 13/17 (76.5) 2/17 (11.75) 2/17 (11.75) 4/17 (23.5)

SAH severity
I 3/46 (6.5) 1/46 (2.2) 35/44 (79.5) 0 4/44 (9.1) 5/44 (11.4) 40/46 (86.9) 1/46 (2.1) 5/46 (11) 7/46 (15.2)
II 2/12 (16.7) 0 7/12 (58.3) 0 2/12 (16.7) 3/12 (25) 8/12 (66.7) 3/12 (25) 1/12 (8.3) 2/12 (16.7)
III 3/5 (60) 0 3/5 (60) 0 1/5 (20) 1/5 (20) 4/5 (80) 0 1/5 (20) 1/5 (20)
IV 1/11 (9.1) 0 8/11 (72.7) 0 1/11 (9.1) 2/11 (18.2) 10/11 (90.9) 0 1/11 (9.1) 2/11 (18.2)
V 2/6 (33.3) 3/6 (50) 2/3 (66.7) 0 1/3 (33.3) 0 5/6 (83.3) 0 1/6 (16.7) 0

Note.—Numbers in parentheses are percentages.

TABLE 3: Outcomes by aneurysm size

A: Radiologic and clinical outcome

Aneurysm Size, mm

Occlusion Glasgow Outcome Scale

Total Subtotal Incomplete 1 2 3 or 4

�5 58/66 (88) 0 8/66 (12) 49/64 (76.6) 0 15/64 (23.4)
�5 22/31 (71) 6/31 (19) 3/31 (10) 21/27 (77.8) 0 6/27 (22.2)

B: Periprocedural complication, mortality, and subsequent procedure rates

Aneurysm Size, mm

Complication

Mortality Rate Subsequent ProcedureRupture Thromboembolism Vasospasm

�5 7/66 (10.6) 2/66 (3) 2/66 (3) 2/66 (3) 11/66 (16.6)
�5 0 0 0 3/31 (9.7) 6/31 (19.3)
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of patients required a subsequent treatment (11 of 66 vs
six of 31, Table 3) (P � .4756, Fisher exact test).

Periprocedural Complications
In the present study, periprocedural complications

were more common in patients with SAH than those
with mass effect, with a rate of 12.5% (10 of 80
patients) and 5.9% (one of 17 patients), respectively
(Table 4). However, this difference was not statisti-
cally significant (P � .3867, Fisher exact test). There
was no definite association between the complication
rate and the severity of SAH (Table 4).

Perforation or rupture of the aneurysmal sac is said
to be a rare complication (24), but it was the most
common perioperative complication in this series
(7%). Rupture occurred in one case with mass effect.
All cases of rupture in the present series occurred in
aneurysms �5 mm. In six cases, the procedure was
performed for an aneurysm occurring with SAH. In
two cases, the procedure was performed 1 day after
SAH, and in two other cases, 2 and 4 days after SAH.
All six were treated within 2 weeks after SAH. Such
rupture is reported more common in recently rup-
tured aneurysms than in other settings (24). All seven
of our patients with a periprocedural rupture sur-
vived, and two had made an excellent recovery with a
GOS score of 1.

Thromboembolic events has been the most com-
mon periprocedural complication and is, by far, the
most important cause of permanent morbidity follow-
ing GDC treatment in the Western population (13,
24). Heparin has been administered to achieve an
activated clotting time 4–6 times greater than nor-
mal, with the additional intravenous administration of
aspirin and the postprocedural administration of hep-
arin for 48 hours and low-molecular-weight heparin
for 1 week. However, intraprocedural thrombosis has
been observed in 27 patients (11%), with seven pa-
tients having permanent neurologic deficits and 10
having postprocedural thrombosis within 1 week (13).
In a report by Pelz et al, the occurrence rate of
symptomatic thromboembolic events was 27.5%, and
the stroke rate was 15.5%, with permanent deficits in
3.4% (24). In the present series, a single intravenous
2000- to 3000-IU bolus of heparin was given to each
patient after the first GDC was deployed to achieve
an activated clotting time of 1.5–2 times greater than
normal, with low-molecular-weight heparin given for
48 hours after the procedure. Periprocedural throm-
bosis occurred in two patients (2%), who had fully
recovered from the event with a clinical outcome with
a GOS score 1. Our patients with thrombotic compli-
cations were not treated with thrombolytic therapy
because of a concern about subsequent bleeding com-
plications (25, 26). Vasospasms were managed with
intraarterial papaverine (27, 28).

Mortality and Clinical Outcomes
In this study, the overall mortality was 5%. The

mortality rate due to post-treatment bleeding was
1%, and the complication-related mortality rate

was 0%. The overall mortality rates were comparable
in patients presenting with SAH and in those present-
ing with mass effect, namely, four of 80 and one of 17,
respectively (Table 4). The difference was not statis-
tically significant (P � .6270, Fisher exact test). The
overall mortality rate was significantly higher in pa-
tients presenting with grade V SAH than in those with
grade I SAH (three of six vs one of 46, Table 4)
(Fisher exact test, P � .0035).

In the present series, 70 patients had a good clinical
recovery after GDC treatment, without neurologic
deficits, giving a outcome rate of 72% for a GOS
score of 1 in the group of 97 patients. If the 17
patients (17.5%) with poor-grade (IV–V) SAH were
excluded, the outcome rate for a GOS score of 1
would have been 87.5%. The proportion of favorable
clinical outcomes appeared to be higher in patients
presenting with mass effect than in those presenting
with SAH, ie, 15 of 16 versus 55 of 75 (Table 4);
however, this difference is not statistically significant
(P � .0677, Fisher exact test). The outcome rate for a
GOS score of 1 was slightly higher in patients with
SAH grade I and more or less the same in patients
with SAH of other grades (Table 4). The difference in
the outcome rate for a GOS score of 1 among the five
SAH grades was not statistically significant (P � .6282,
chi-square test).

Angiographic Outcomes
As mentioned earlier, a higher success rate of total

occlusion was achieved in aneurysms �5 mm (87.9%)
than those �5 mm (70.9%) (Tables 3, 5). Our results
were best in aneurysms sized 2–3 mm. Dense packing
had been the goal of GDC treatment. The endpoint
of total occlusion was when the aneurysm was densely
packed and further coiling was not possible, with
DSA showing no visible contrast material in the sac
and neck. With these criteria, total occlusion was
achieved in 80 patients (82.5%). The compactness of
packing was reflected in the average number of 4.4 �
2.7 coils, the average coil length of 45 � 55 mm for
each aneurysm, and a total of 428 coils used. How-
ever, the rate of aneurysm recurrence in the group
with total occlusion was high (16.2%). Delayed
thrombosis of the neck remnant in the initially sub-
totally occluded aneurysm meant that total occlusion
occurred uncommonly (16.7% of cases, Table 6). The
high recurrence rate and low delayed-thrombosis rate
in our series is contrary to what that observed by

TABLE 5: Radiologic outcome by a detailed breakdown of aneurysm
size

Aneurysm Size,
mm

No of
Aneurysms

Degree of Occlusion

Total Subtotal Incomplete

2–3 30 27 (90) 0 3 (10)
�3–5 36 31 (86.1) 0 5 (13.9)
�5–8 18 13 (72.2) 3 (16.7) 2 (11.1)
�8 13 9 (69.2) 3 (23.1) 1 (7.7)

Note.—Numbers in parentheses are percentages.
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Cognard et al (13). In their series, the total occlusion
rate rose from 55% to 76% in 160 cases followed up
for few months, and the subtotal occlusion rate de-
creased from 40% to 16%. Conversion of subtotal
occlusion to total occlusion due to delayed thrombo-
sis of a neck remnant occurred in at least 34 (53%) of
64 cases. We noticed a tendency for aneurysm recur-
rence due to progressive recanalization of the aneu-
rysm neck and progressive compaction of GDCs in
the sac.

Limitations
In this article, we report our experience in treating

aneurysms with GDC embolization in a group of
Chinese patients. Only patients who had an aneu-
rysms with a ratio of aneurysm-sac diameter to neck
diameter of �1 were selected for treatment (29). The
remodeling technique was not applied in this series
(30). We did not compare results in our patients with
findings in Western populations in previous reports
because there is a basic difference between the two
groups regarding the size of aneurysms, the criteria
for selecting aneurysms for GDC treatment, the ad-
ditional techniques involved in the embolization pro-
cedures, the timing of follow-up angiographic assess-
ment, and the criteria for clinical assessment.

Conclusion
Endovascular treatment of intracranial aneurysm

with GDC embolization appeared to be reasonably
effective and safe for our group of Hong Kong Chi-
nese patients. Success and complication rates were
promising. Small aneurysms �5 mm seemed to con-
stitute most (68%–70%) presenting intracranial an-
eurysms in Chinese patients in Hong Kong.
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