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Abstract

Annual retrospective surveys of 20 to 31 medical centers performing endovascular treatment of cerebral
aneurysms in Japan from 1997 to 2008 were performed to analyze technical and clinical outcomes of en-
dovascular treatment for ruptured cerebral aneurysm. Patients treated with dome embolization using
bare platinum coils within 14 days after onset were retrospectively selected, and clinical features, and
technical and clinical outcomes at discharge were studied. Retrospective Endovascular Subarachnoid
Aneurysm Treatment (RESAT) 1 covers patients treated from 1997, when the Guglielmi detachable coil
was introduced, to 2002, just after International Subarachnoid Aneurysm Trial was reported. RESAT 2
to RESAT 7 were conducted annually between 2003 and 2008. Among 5,624 patients with ruptured
aneurysms treated within 14 days after onset, 4,782 patients were treated by dome embolization using
platinum detachable coils. The patients in this large retrospective survey included 35.8% aged over 70
years, 36.6% with posterior circulation aneurysms, and 29.3% with poor grades (Hunt and Kosnik
grades IV and V). The proportion of patients aged over 70 years tended to increase each year from 33.4%
in RESAT 1 to 39.8% in RESAT 7, and the proportion of those with posterior circulation aneurysms
decreased from 44.2% in RESAT 1 to 23.8% in RESAT 7 (pº0.001). Overall technical success was
obtained in 4,666 patients (97.6%), and favorable clinical outcome (good recovery and moderate disabil-
ity) at discharge was obtained in 88.0% of grade I–III cases and 73.6% of grade I–V cases. Procedure-
related morbidity was 2.9% and mortality was 0.8%. Despite this survey involving high proportions of
aged, posterior circulation, and poor-grade patients, the technical success rate and immediate clinical
results were relatively favorable. The patient prognosis and aneurysm changes must be investigated
over a longer period, together with the effects of the introduction of new endovascular devices for
cerebral aneurysms.

Key words: subarachnoid hemorrhage, ruptured aneurysm, endovascular treatment, clinical survey,
International Subarachnoid Aneurysm Trial
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Table 1 Numbers of registered patients and institutes
participating in RESAT 1–7

Survey
period

No. of
patients

No. of
institutes

Calculated no. of
patients in an

institute in a year

RESAT 1 1997–2002 1488 20 12.4
RESAT 2 2003 439 23 19.1
RESAT 3 2004 418 23 18.2
RESAT 4 2005 617 31 19.9
RESAT 5 2006 696 28 24.9
RESAT 6 2007 566 24 23.6
RESAT 7 2008 562 21 26.8

Patients treated by dome embolization within 14 days after
onset were included in this study. The calculated annual
number of patients treated with dome embolization at
each institute increased from 12.4 to 26.8.
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Introduction

Subarachnoid hemorrhage is associated with mor-
tality rates of 32% to 67% and long-term dependence
in 10% to 20% of survivors because of the resultant
brain damage.5) Early treatment within 24 to 72
hours has been recommended for ruptured
aneurysms, because the risk of subsequent rupture is
high, with approximately 20% of patients experienc-
ing another rupture in the first 2 weeks after
subarachnoid hemorrhage.8)

Following the introduction of Guglielmi detacha-
ble coils (GDCs) in Japan in 1997, surgical and en-
dovascular treatment modalities have been available
for ruptured cerebral aneurysms. Initially, surgically
difficult aneurysms such as basilar bifurcation
aneurysms were treated using detachable platinum
coils.4) However, a prospective randomized trial, the
International Subarachnoid Aneurysm Trial (ISAT),
reported that endovascular treatment of ruptured
cerebral aneurysms with detachable coils was su-
perior to surgical clipping as defined by the propor-
tion of patients dead or disabled at 1 year among
2,143 of 9,559 patients deemed suitable for either
therapy.10) Since then, coil embolization has been in-
creasingly used as an alternative to surgical clip-
ping. More recently, the risk of death at 5 years was
significantly lower in the coiled group than in the
clipped group in the long-term follow up of the
patients registered in the ISAT.9)

The Retrospective Endovascular Subarachnoid
Aneurysm Treatment (RESAT) studies 1 to 7 tried to
determine the status of endovascular treatment for
ruptured aneurysms in Japan from the GDC launch
until just before the ISAT report was published for
comparison with the ISAT data, and to elucidate
how ISAT influenced the top Japanese medical cen-
ters annually from 2003 to 2008.

Clinical Material and Methods

A total of 13,711 patients with ruptured or unrup-
tured cerebral aneurysms underwent endovascular
treatment conducted by members of the study group
(from 31 different institutions; both surgical and en-
dovascular treatments were possible, and endovas-
cular treatments were conducted by board-certified
senior trainers) between January 1997 and Decem-
ber 2008. Among them, 5,624 patients underwent en-
dovascular treatment, of whom 4,782 patients were
treated by dome embolization using platinum
detachable coils within 14 days after onset. These
4,782 patients were analyzed in this study.

The following clinical factors were studied: age,
sex, location and size of the aneurysm, duration af-

ter onset, neurological grade (Hunt & Kosnik grade),
technical complications and type (ischemic, hemor-
rhagic, or others), and repeated bleeding and retreat-
ment within the annual study period. The Glasgow
Outcome Scale (GOS) of disability at discharge was
used for evaluation of patient outcome. A death was
included in the mortality rate if it occurred within
the annual study period. Morbidity was evaluated
when the patient was discharged from the institute.

Timing, indication, and method of endovascular
treatment and perioperative therapy such as an-
tithrombotic therapy, cerebrospinal fluid drainage,
and management for cerebral vasospasm after
subarachnoid hemorrhage were all determined by
each institute. Technical success was defined as suc-
cessful dome embolization with parent artery
preservation regardless of degree of aneurysm ob-
literation.

All analyses were performed with SAS software
(SAS Institute Inc., Cary, N.C., U.S.A.). Ordered
categorical data were examined by Mantel-Haenszel
X2 statistics. Mann-Whitney U tests were used to
compare the non-parametric data, and unpaired t-
tests were used to compare normally distributed
data.

Results

The numbers of registered patients and institutes
participating in RESAT 1–7 are summarized in
Table 1. The mean number of patients treated with
dome embolization within 14 days at each institute
increased annually from 12.4 in RESAT 1 to 26.8 in
RESAT 7.

The proportion of female patients showed no sig-
nificant serial change during the period of this study
(Fig. 1). The distribution of ages of the patients is
shown in Fig. 2. The proportion of patients aged
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Fig. 1 Sex distribution of the patients in RESAT 1–7.
Each bar shows the proportion of patients registered in
each study. There were no significant changes in the sex
ratio between the studies.

Fig. 2 Age distribution of the patients in RESAT 1–7.
The distribution of patient ages is shown. The propor-
tion of patients aged over 70 years tended to increase
each year from 33.4% in RESAT 1 to 39.8% in RESAT 7.

Fig. 3 Hunt and Kosnik grade before treatment in
RESAT 1–7. The neurological grade of the patients be-
fore treatment is shown. The proportion of patients with
Hunt and Kosnik grades I–III was around 70% and
almost constant in this study.

Fig. 4 Location of the aneurysms in RESAT 1–7. The
proportion of posterior circulation aneurysms, such as
vertebral artery (VA) or basilar artery (BA), significantly
decreased from 44.2% in RESAT 1 to 23.8% in RESAT 7
(p º 0.001). ACA: anterior cerebral artery, ICA: inter-
nal carotid artery, MCA: middle cerebral artery.
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over 70 years tended to increase each year from
33.4% in RESAT 1 to 39.8% in RESAT 7. The neuro-
logical grade of the patients evaluated before treat-
ment is shown in Fig. 3. The proportion of patients
with Hunt and Kosnik grades I–III was 70.7% in this
study, and gradually increased from 67.2% in
RESAT 1 to 72.1% in RESAT 7, although the differ-
ence was not statistically significant.

The distribution of aneurysm size was as follows:
less than 5 mm in 38.6%, 5–10 mm in 48.8%, 11–24
mm in 11.6%, and 25 mm or more in 1.0%. There
was no significant change in the size of the
aneurysm by year (data not shown). In contrast, the
proportion of posterior circulation aneurysms sig-
nificantly decreased from 44.2% in RESAT 1 to
23.8% in RESAT 7 (pº0.001) (Fig. 4).

The proportion of cases with early treatment wi-
thin 72 hours after onset was consistently above 80%
in this study (data not shown). Overall technical suc-
cess was obtained in 4,666 patients (97.6%), and this
value remained between 96.5% and 99.3% through-
out the study.

In this study, clinical outcome was evaluated by
GOS at discharge separately for patients with Hunt
and Kosnik grades I–V and I–III. Overall favorable
clinical outcome, good recovery and moderate
disability by GOS, was obtained in 73.6% of the
patients with grades I–V (Fig. 5 upper) and in 88.0%
of the patients with grades I–III (Fig. 5 lower).
Favorable clinical outcome was obtained in more
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Fig. 5 Overall outcome (Glasgow Outcome Scale: GOS)
of the patients at discharge in RESAT 1–7. Clinical out-
come was evaluated by GOS at discharge for all the
patients including those with Hunt and Kosnik grades
I–V (upper) and I–III (lower). Upper: Overall favorable
clinical outcome, good recovery (GR) and moderate
disability (MD) on GOS, was obtained in more than 70%
of cases in each study and the average was 73.6%. Low-
er: The rate of favorable clinical outcome, GR and MD
on GOS, was more than 84% in each study and the
average was 88.0% in this group. D: dead, SD: severe
disability, VS: vegetative state.
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than 84% of the patients with grades I–III and 70%
of patients with grades I–V throughout the study
(Fig. 5).

Procedure-related morbidity was 2.9% and mortal-
ity was 0.9%. Morbidity was 0.7% and mortality was
0.6% for hemorrhagic events. Morbidity was 2.0%
and mortality was 0.3% for ischemic events. Morbid-
ity was 0.2% for other events.

Discussion

ISAT has encouraged many related commentaries
and letters since publication in October 2002.1,7,12,14)

The standard of neurointerventional treatments was
asserted to be different at European centers to
Japanese centers. However, the Japanese status of

endovascular treatment for ruptured intracranial
aneurysms has not been described, except for a
small series from a single center. The purpose of
RESAT 1 was to determine the Japanese status of en-
dovascular treatment for ruptured aneurysms from
the GDC launch until just before the ISAT report
was published, and to compare these results with the
ISAT data obtained 2 months after allocation,
although clinical outcome was evaluated at dis-
charge in this study.10,11) The following surveys were
conducted to elucidate how the ISAT influenced the
Japanese medical centers annually from 2003 to
2008.

Patient characteristics in this study tended to be
different from those in ISAT.10,11) Regarding age,
5.8% of patients were older than 70 years in ISAT; in
contrast, the proportion was 35.8% in RESAT. In
terms of neurological grade, 93% of patients were
grades I–III in ISAT compared with 70.7% in
RESAT. Furthermore, 97.1% of the aneurysms were
located at anterior circulation in ISAT compared
with 63.4% in RESAT. RESAT included patients
who might have been excluded in ISAT, leading to
an unfavorable outcome. To compare RESAT with
ISAT, only the patients with grades I–III in both stu-
dies were analyzed. In ISAT, favorable outcome was
obtained in 74.6% of patients at 2 months after allo-
cation compared with 89.1% at discharge in RESAT.
Thus, the overall clinical results of RESAT were
rather better than those of ISAT.

In RESAT 2, endovascular treatment became the
first-line treatment for ruptured cerebral aneurysm
at all but 2 centers, indicating that ISAT had an im-
pact on Japanese centers and increased the rate of
endovascular treatment. RESAT 2–7 were subse-
quently performed annually and showed interesting
trends. Although there was no significant change in
the proportion of elderly or poor-grade patients, the
proportion of posterior circulation aneurysms
decreased year-on-year. Therefore, the application
of endovascular treatment widened to anteriorly lo-
cated aneurysms, which were previously treated by
clipping.

On the other hand, disclosure of the favorable
results of RESAT seemed to motivate the par-
ticipants to conduct endovascular treatment for
aneurysms for which either therapy was deemed
suitable. In Japan, endovascular treatment was
mainly performed by neurosurgeons. This might be
an important factor in improving the overall results
of treatment for ruptured aneurysms.

We recognize the disadvantages of endovascular
treatment such as recanalization, repeated bleeding,
and retreatment after procedure.2,3,6,13) Repeated
bleeding from the target aneurysm was observed 2.5
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times more frequently in the coiled group.11) There-
fore, follow up of the treated patients is important.
We are planning to investigate the clinical events,
such as repeated bleeding and retreatment, after
treatment in RESAT.

This series of surveys has determined the Japanese
status of endovascular treatment for ruptured
aneurysms since GDC was launched. Despite this
survey involving high proportions of elderly,
posterior circulation, and poor-grade patients, the
technical success rate and immediate clinical results
were relatively favorable. It is necessary to inves-
tigate the patient prognosis and aneurysm changes
over a longer period, together with the effects of the
introduction of new endovascular devices for
cerebral aneurysms.
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