PITAVASTATIN SUPPRESSES CEREBRAL ANEURYSMS
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FIGURE 1. Graphs showing effects of pitavastatin on the formation and
progression of CA. A, aneurysii size in the control and pitauastatin-treated
groups. Data were analyzed by Kruskal-Wallis 1-way analysis of variance
(ANOVA) on ranks followed by the Tukey-Kramer test. B, change of internal
elastic lamina after aneurysm induction with or without pitavastatin treat-
ment. Data were analyzed by the Siegel-Titkey test. C, relative media thick-
ntess of aneurysmal walls compared with that of surrounding normal arterial
walls in the control and pitavastatin-trented groups. Blood pressitre (D) and

total serum cholesterol level (E) of the control and pitavastatin-treated groups.
Data were analyzed by Kruskal-Wallis 1-way ANOVA on ranks followed by
the Tukey-Kramer test. F, nuniber of macrophages infiltrating into aneurys-
mial walls 3 months after anetrysm indiction per 100-um square. Data were
analyzed by the Mann-Whitney U test. OM, before aneurysm induction; 1M,
3M, and 5M, after 1, 3, and 5 months of aneurysm induction, respectively;
* P <00L '

ribonucleic acid (RNA) from the entire circle of Willis was isolated
using an RNeasy Fibrous Tissue Mini Kit (Qiagen). RNA extraction
was carried out according to the manufacturer’s instructions. Total
RNA was converted into complementary DNA (cDNA) using Sensi-
script reverse transcriptase (Qiagen). The conditions for the cDNA syn-
thesis were 1 hour at 37°C, followed by heating at 93°C for 5 minutes.

Quantitative Polymerase Chain Reaction

Constructs for IL-1B, iNOS, VCAM-1, MCP-1, MMP-9, and B-actin
were produced by TOPO TA Cloning (Invitrogen, Carlsbad, CA) from
¢DNA according to the manufacturer’s instructions. Quantitative (real-
time) polymerase chain reaction (PCR) was performed using a
QuantiTect SYBR Green PCR Kit (Qiagen) and LightCycler Quick
System 330 (Roche Diagnostics, Basel, Switzerland). B-Actin was used
as an internal control. The primer sets used were as follows: forward,
5'-cacctctcaagcagageacag-3' and reverse, 5'-gggttccatggtgaagtcaac-3'
for IL-1B; forward, 5'-ttcaggtatgeggtattigg-3’ and reverse, 5'-gttggaagt-
gtagcgtticg-3' for iINOS; forward, 5'-gcgaaggaaactggagaagaca-3' and
reverse, 5'-acacattagggaccgtgeagtt-3' for VCAM-1; forward, 5'-ccte-
caccactatgcaggtctc-3’ and reverse, 5'-gcacgtggatgctacagge-3' for MCP-
1; forward, 5'-ttcaaggacggtcggtatt-3' and reverse, 5'-ctctgagectagace-
caactta-3' for MMP-9; and forward, 5'-aagtcectcacccteccaaag-3' and
reverse, 5'-aagcaatgctgtcaccttcee-3' for B-actin. The conditions for real-
time PCR were 42 cycles of 95°C, 20 seconds for denaturation, 53°C,
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20 seconds for annealing, and 72°C, 20 seconds for extension. For
quantification, the second derivate maximum method was used for
crossing point determination using LightCycler Software 3.3 (Roche
Diagnostics). The amount of messenger RNA (mRNA) was expressed
as the ratio to B-actin mRNA.

Gelatin Zymography

Total protein from the entire circle of Willis was purified by a Bio-
Plex cell lysis kit (Bio-Rad, Hercules, CA) according to the manufac-
turer’s instructions. In one experiment, 100 pg of protein was used.
Gelatin zymography was performed using a Gelatin Zymo-
Electrophoresis Kit (Primary Cell, Sapporo, Japan) according to the
manufacturer’s instructions.

Effect of Pitavastatin on Preexisting CAs

To examine the effect of pitavastatin on preexisting CAs, pitavastatin
administration started 1 month after aneurysm induction. After
aneurysm induction, animals in both groups were fed a high-salt diet
containing 8% sodium chloride for 1 month. After 1 month of
aneurysm induction, a normal diet with 4 mg/kg/d of pitavastatin
was given to the pitavastatin-treated group. In the control group, a
normal diet was given after 1 month of aneurysm induction. Animals
were sacrificed 3 months after aneurysm induction, and the aneurysm
size and media thickness were examined as described above.
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FIGURE 2. Nuclear factor xB (NF-xB) activation in aneurysmal-walls. A-H, immunoliistochemical staining of the
deoxyribonucleic acid-binding fort of the. NF-xB p65 subunit in rats 1 montl (E and-¥) and 3 months (G and H)
after aneurysin induction with (F and H) or without (E and G) pitavastatin treatment. Elastica van Gieson (EvG)
staining of serial sections of E (A), E (B), G (C), and H(D). Bar = 30 yni. 1, eleckrophoretic mobility shift assay
(EMSA) for an NF-xB binding site.in cerebral arteries of rats before aneurysm induction (OM) and 3 months (3M)
after aneurysm indvction with or without pitavastatin treatment, The fourth and fifth lanes show competition exper-
iments with a 200-fold excess amount of cold kB oligonicleotide (cold) and of mutated kB oligonucleotide (mutant
cold) in cerebral-arteries of rats 3 months after aneurysm induction. A representative image of 5 independent exper-
iments is shown. Y, graph showing densitometric analysis of EMSA. Data were analyzed by the Mann-Whikiey U
test. n = 5 per group. K; graph showing aneurysm size of NF-xB decoy oligodeoxyniicleotide (ODN) or scrambled
decoy ODN-treated rats with or without pitavastatin treatment 3 wonths after aneurysm induction. Data were ana-
lyzed by Kruskal-Wallis 1-way analysis of variance on ranks followed by the Tukey-Kramer test.
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Statistical Analysis

Data (mean * standard devia-
tion) were analyzed by use of the
Mann-Whitney U test for a 2-
group comparison and by the
Kruskal-Wallis 1-way analysis of
variance on ranks, followed by
the Tukey-Kramer test for a mul-
tiple comparison. For analysis of
the IEL score, the Spiegel-Tukey
test was used. Differences were
considered statistically significant
at a P value of less than 0.05.

RESULTS

Effect of Pitavastatin on
CA Formation

The serum concentration of
pitavastatin measured by
high-performance liquid
chromatography (60.6 +37.9
nmol/L, n = 10) reached the
value sufficient for inhibition
of 3-hydroxy-3-methylglu-
taryl coenzyme A reductase
(half-maximal inhibitory con-
centration, 6.8 nmol/L).

In the control group, aneu-
rysm size was 45.9 * 17.9 pm
(n = 10) after 1 month, 66.3 +
19.3 pm (n = 10) after 3
months, and 88.8 + 26.4 um
(n = 10) after 5 months of
aneurysm induction. Aneu-
rysm size was significantly
increased from 1 to 3 months
(P = 0.038) and from 3 to 5
months (P = 0.032). In the
pitavastatin-treated group, the
aneurysm size was 30.7 + 19.1
um (n = 10) after 1 month,
42.8 + 28.5 ym (n = 10) after 3
months, and 38.5 * 17.1 pm
{(n = 10) after 5 months.
Aneurysm size was signifi-
cantly smaller than the control
after 3 (P = 0.018) and 5
months (P < 0.01) (Fig. 1A). In
the control group, the IEL
score (95% confidence interval
[CI]) was 0.41 to 1.19 (n = 10)
after 1 month, 1.28 to 1.72 (n
= 10) after 3 months, and 1.40
to 2.00 (n = 10) after 5 months.
Pitavastatin treatment signifi-
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cantly reduced the IEL score after 1 month (95% CI, —0.06-0.46;
n = 10; P < 0.01), 3 months (95% CI, 0.70-1.10; n = 10; P <
0.01), and 5 months (95% CI, 1.00-1.60; n = 10; P < 0.01) (Fig.
1B). In the control group, media thickness was 0.61 = 0.25 (n =
10) after 1 month, 0.46 = 0.21 (n = 10) after 3 months, and 0.39
+ 0.17 (n = 10) after 5 months of aneurysm induction. In the
pitavastatin-treated group, media thickness was 0.66 * 0.17 (n =
10) after 1 month, 0.66 + 0.18 (n = 10) after 3 months, and 0.74 *
0.18 (n = 10) after 5 months. Media was significantly thicker in
the pitavastatin-treated group than in the control group after
3 (P = 0.026) and 5 months (P < 0.01) (Fig. 1C).

In both groups, systemic blood pressure was elevated with
time after aneurysm induction, but there was no significant
difference between the control group (1 month, 166.2 * 14.8
mm Hg, n = 10; 3 months, 170.2 + 14.3 mm Hg, n = 10;
5 months, 175.4 *= 16.9 mm Hg, n = 10) and the pitavastatin-
treated group (1 month, 169.4 = 21.8 mm Hg, n = 10; 3 months,
166.6 = 155 mm Hg, n = 10; and 5 months, 168.0 = 13.4 mm
Hg, n = 10) (Fig. 1D). The serum cholesterol level was not dif-
ferent between the control group (1 month, 73.7 * 154 mg/dL;
n = 10; 3 months, 76.4 * 10.8 mg/dL, n = 10; and 5 months,
73.8 = 14.7 mg/dL, n = 10) and the pitavastatin-treated group
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p65 subunit-positive cells was
reduced by pitavastatin treatment (Fig. 2, F and H). By elec-
trophoretic mobility shift assay, 1 specific complex band was
detected after 3 months of aneurysm induction in the control
group (Fig. 21). This band was completely abolished by compe-
tition with the kB oligonucleotide but not with a mutated motif,
confirming the specificity of this band for NF-xB (Fig. 2I). DNA
binding activity of NF-xB was decreased by pitavastatin treat-
ment (n = 5; P = 0.042) (Fig. 2, I and J). NF-xB decoy ODN treat-
ment significantly reduced CA size 3 months after aneurysm
induction (scrambled decoy, 70.8 + 23.8 pm, n = 10; NF-xB
decoy, 27.0 * 16.8 um, n = 5; P < 0.01). Pitavastatin treatment
did not show synergistic effects on CA size under NF-xB decoy
ODN treatment (25.0 * 20.8 pm, n = 4) (Fig. 2K).

Expression of MMP-9, MCP-1, VCAM-1, IL-18,
and iNOS mRNA in Aneurysmal Walls

With quantitative PCR, expression levels of MMP-9, MCP-1,
VCAM-1, IL-1B, and iNOS mRNA were significantly elevated
after 1 month of aneurysm induction (MMP-9, P = 0.012; MCP-
1, P < 0.01; VCAM-1, P < 0.01; IL-1B, P < 0.01; and iNOS, P <
0.01; n = 6 per group) (Fig. 3, A-E). In the pitavastatin-treated
group, mRNA expression of these genes was significantly
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FIGURE 4. Immunohistochemical analysis for MMP-9 (A and B), MCP-
1(Cand D), VCAM-1 (E and F), IL-1B (G and H), and iNOS (1 and J)
3 months after aneurysm induction with (B, D, ¥, H, and J) or without
(A, C E, G, and 1) pitavastatin freatment: Bar = 30 pm.

lower after 1 month (MMP-9, P < 0.01; MCP-1, P < 0.01;
VCAM-1, P < 0.01; IL-1B, P < 0.01; and iNOS, P < 0.01;n = 6
per group) and 3 months (MMP-9, P = 0.011; MCP-1, P < 0.01;
VCAM-1, P < 0.01; IL-1B, P = 0.023; and iNOS, P = 0.012; n =
6 per group) of aneurysm induction (Fig. 3, A-E).

With immunohistochemical analysis, MMP-9, MCP-1,
VCAM-1, IL-1B, and iNOS were abundantly expressed in
aneurysmal walls 3 months after aneurysm induction in the
control group (Fig. 4, A, C, E, G, and I). In the pitavastatin-
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FIGURE 5. Effect of pitavastatin on MMP-9 activity (gelatin zymogra-
phy). A, gelatin zymography before aneurysm induction (OM) and. 3
onths after aneurysm induction (3M) with or without pitavastatin treat-
ment. A representative fmage of 5 independent experiments is shown. B,
graph showing densitometric analysis with gelatin zymography. i1 =5 per
group. Data were analyzed: by the Mann-Whitney U tesk.

treated group, expression of these proteins was markedly
decreased (Fig. 4, B, D, F, H, and ]). Expression of these proteins
could not be detected in the contralateral ACA/OA bifurca-
tion of rats with pitavastatin treatment (data not shown).

Activity of MMP-9 in Aneurysmal Walls

With gelatin zymography, gelatinase activity of MMP-9 was
increased 3 months after aneurysm induction in the control
group (P < 0.01, n = 5). In the pitavastatin-treated group,
MMP-9 activity in arterial walls was significantly lower than
that in the control group (P < 0.01, n = 5} (Fig. 5).

Effect of Pitavastatin on Preexisting CAs

In rats without pitavastatin treatment, CAs significantly
enlarged in size from 1 month (42.0 = 17.9 uym, n = 10) to
3 months (64.3 % 20.3 pm, n = 10) after aneurysm induction
(P = 0.013). In rats with pitavastatin treatment, aneurysm size
after 3 months of aneurysm induction (40.3 = 27.1 ym, n = 10)
was smaller than that of the control (P = 0.038) and was not dif-
ferent from that before pitavastatin treatment (Fig. 6B). In rats
without pitavastatin treatment, media thickness decreased
from 1 (0.57 = 0.24, n = 10) to 3 months (0.46 * 0.21,
n = 10) after aneurysm induction (P = 0.24). In rats with
pitavastatin treatment, media thickness was 0.78 * 0.15 (n = 10)
after 3 months of aneurysm induction, which was significantly
thicker than that of rats before pitavastatin administration (P =
0.028) (Fig. 6C). Systemic blood pressure 3 months after
aneurysm induction was not different between rats with
(124.1 = 16.8 mm Hg, n = 10) and without (126.2 + 15.8 mm Hg,
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FIGURE 6. Effects of pitavastatin on preexisting CAs. A, diagram showing time course of the experiment.
Pitavastatin administration started 1 month after aneurysm induction. B and C, graphs showing change in aneurysim
size (B) and media thickness (C) 2 months after pitavastatin treatment. D.and E, graphs showing systentic blood pres-
stre (D) and serum cholesterol level (E) 3 months after aneurysmt induction; 11 = 10 per group. Datn were analyzed
by Kruskal-Wallis 1-way analysis of variance on ranks followed by the Tukey-Kramer test *%, P < 0.01. OM, before
aiteurysm induction; 1M, 1 month after aneurysm induction; 3M, 3 months after aneurysm induction.

cell death in medial smooth
muscle cells, resulting in the
thinning of medial layers in
aneurysmal walls and CA pro-
gression. Up-regulation of all
these genes was also sup-

n = 10) pitavastatin treatment (Fig. 6D). Serum cholesterol lev-
els 3 months after aneurysm induction were also not different
between rats with (71.5 = 23.0 mg/dL, n = 10) and without
(69.2 = 17.2 mg/dL, n = 10) pitavastatin treatment (Fig. 6E).

DISCUSSION

Recent investigations revealed that the pathophysiology of
CA formation and progression is closely linked to vascular
inflammation. Various inflammatory cells, especially macro-
phages, accumnulate in aneurysmal walls of human CA samples
(6) and experimentally induced CAs in rats (4). One of the earli-
est events occurring in the arterial wall is NF-xB activation (5).

NEUROSURGERY

pressed by pitavastatin treat-
ment in the present study (Figs. 3 and 4), supporting the notion
that pitavastatin exerts an inhibitory effect on CA progression
through the blockade of NF-«B activation.

Statins have vascular protective effects known as “pleiotropic
effects” beyond their cholesterol-lowering effect (16). A large
clinical trial demonstrated that statins reduced cardiovascular
events, irrespective of serum cholesterol level (13). Because the
serum cholesterol level was not affected by pitavastatin treat-
ment in the experimentally induced CA model of rats, the
inhibitory effect of pitavastatin on CA formation and progres-
sion is likely to be derived from pleiotropic effects. In vitro
studies have shown that statins reduced activation of NF-kB in
vascular endothelial cells and smooth muscle cells (8, 20).
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Activation of NF-xB is involved in endothelial dysfunction,
and statins stimulate endothelial production of nitric oxide via
the induction and stabilization of IxBo. Improvement of
endothelial function via inhibition of NF-xB activation may
explain the inhibitory effect of pitavastatin on CA progression.
Statins inhibit superoxide production in vascular cells, proba-
bly via inhibition of angiotensin II-induced nicotinamide ade-
nine dinucleotide phosphate-oxidase activation (27). We do not
know whether CA formation is related to oxidative stress, but
the other plausible mechanism of the preventive effect of statins
on CA progression is their antioxidant property.

In the present study, we also showed that pitavastatin led to
thickening of the media in preexisting CAs (Fig. 6), although
simvastatin could cause neither shrinkage of CAs nor thicken-
ing of CA walls (2). The fact that only pitavastatin can induce
the regression of degenerative changes in the walls of preexist-
ing CAs does not necessarily prove the superiority of pitavas-
tatin over simvastatin because the applied dose of pitavastatin
is not comparable to that of simvastatin. Unfortunately, we can-
not examine whether statins reduce the incidence of subarach-
noid hemorrhage resulting from CA rupture in our model
because the rupture rate of CAs is 3% or less in this model.
However, there is little doubt that thickening of CA walls results
in the prevention of CA rupture. Therefore, statins, especially
pitavastatin, may prevent the growth of unruptured CAs and
subsequent subarachnoid hemorrhage in a clinical setting. Our
data showing CA regression by statins also suggest the repair
mechanism in CA walls. It is likely that statins not only inhibit
degenerative changes in CA walls but also enhance the repair
mechanism in CA walls. Data from animal experiments are not
always applicable to human diseases. In our experimentally
induced CA model, CAs were induced by renal hypertension
augmented by a high-salt diet and excessive hemodynamic
stress caused by ligation of the contralateral common carotid
artery. Macroscopic and microscopic findings of experimentally
induced CAs in rats are similar to those of human CAs (11).
Although our model mimics formation and progression of
human CAs, clinical studies are essential to demonstrate the
preventive effects of statins on CA progression in humans.

We previously reported that simvastatin prevented CA pro-
gression in rats (2). The present study provides evidence that
pitavastatin, as well as simvastatin, has a preventive effect on
CA progression in a cholesterol-lowering independent man-
ner, suggesting that the inhibitory effect on CA progression
seems to be a universal effect of statins. Pitavastatin induced
the regression of degenerative changes occurring in preexisting
CAs, although, in the previous study, simvastatin did not.
Another new insight derived from this study is that the pri-
mary target of pitavastatin is NF-xB, activation of which causes
the inflammatory cascade leading to degenerative changes in
CA walls. Statins, especially pitavastatin, will be a promising
therapeutic agent for the medical treatment of unruptured CAs.
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COMMENTS

Aoki et al. build on their extensive prior work on the pathogenesis
of aneurysms in rats. This work shows that aneurysm progression
is limited by treatment with the hydroxy-methylglutaryl-coenzyme A
reductase inhibitor, pitavastatin. They previously showed similar ben-
efits with simvastatin, but, in these experiments, they used pitavastatin,
which was developed in Japan, undergoes more limited metabolism,
and may be associated with fewer drug interactions (1).

These findings add to the literature on beneficial effects of the statins.
Existing databases from clinical trials should be examined to deter-
mine whether there is any evidence for a reduction in subarachnoid
hemorrhage. These drugs were, in some cases, associated with an
increased risk of hemorrhagic stroke, which is usually attributed to
intracerebral hemorrhage. Since statins are already in widespread use
and large studies of their cardiovascular and other health effects have
been, and are being, done, what probably needs to be done is to incor-
porate end points into studies that examine aneurysmal disease.
Perhaps this already is being done.

There are some limitations to the present study. Whether the results
can be translated from rats to humans are unknown. The investigators
were not blinded, and state-of-the-art stereological methods do not
appear to have been used. Their unparalleled experience with these
studies, however, is reflected in the perfect agreement among the 3
reviewers who graded the changes in the internal elastic lamina.

R. Loch Macdonald
Toronto, Canada

1. Hayashi T, Yokote K, Saito Y, Iguchi A: Pitavastatin: Efficacy and safety in
intensive lipid lowering. Expert Opin Pharmacother 8:2315-2327, 2007.

In this article, the authors carefully examine the pathophysiology of

aneurysmal development in their rodent model of hypertension-
related aneurysm formation. They have previously characterized this

NEUROSURGERY

PITAVASTATIN SUPPRESSES CEREBRAL ANEURYSMS

model, and, in this study, they follow the size of aneurysms formed, the
changing of internal elastic lamina and medial thickness, as well as
multiple markers for inflammation in animals that did or did not
receive treatment with pitavastatin. This builds on the earlier work
with other related agents. In this study, they show that the pitavastatin-
treated group demonstrated prevention of progression of aneurysms
and a marked decrease in nuclear factor kB (NF-xB) activation in the
aneurysmal walls. The findings are coincident with their hypothesis
that the NF-kB-activated inflammatory cascade of multiple markers,
including matrix metalloproteinase-9, monocyte chemotactic protein-1,
and inducible nitric oxide synthase, is inhibited by pitavastatin.
Interestingly, not only did preexisting aneurysms not appear to grow,
but evidence suggested that the media thickened with this treatment.

The key factors in this effect are the multiple hypotheses: 1) that
aneurysmal development involves a significant component of inflam-
matory response within the vessel wall; 2) that the pleiotropic effects of
statins beyond their known cholesterol-lowering effect may be beneficial
in multiple aspects of vascular disease; and 3) that the statins’ influence
not only on cholesterol and oxidation, but also on inflammation, may be
important. The authors follow a very logical train of thought to develop
their arguments. Of course, other questions arise: first, how well does
this model mimic human aneurysm formation? This is a hypotensive
model with clear evidence of an inflammatory component. In humans,
although the inflammatory component exists, is it equally related to
hypertension, and does the inducing agent take place at the same level
of development? Furthermore, would other inflammatory agents have
the same effect, or do the effects of the statins also involve a relatively
less tested antioxidant property? Finally, the authors have caused us to
continue to think of these disease processes in a way that is beyond
being purely mechanical and to ponder the molecular and genetic trig-
gers at a subcellular level. We must consider the potentially treatable
conditions that aggravate these fatal disease processes.

Robert J. Dempsey
Madison, Wisconsin

Building on prior work, the authors have investigated the effect of
pitavastatin on NF-xB activation and cerebral aneurysm formation
in a rodent experimental model of cerebral aneurysms. They demon-
strate that pitavastatin significantly prevented cerebral aneurysm pro-
gression and NF-B activation in aneurysm walls. Furthermore, expres-
sion of monocyte chemotactic protein-1, vascular cell adhesion
molecule-1, inducible nitric oxide synthase, and matrix metallopro-
teinase-9 in aneurysmal walls was also inhibited by pitavastatin.
Finally, pitavastatin treatment resulted in thickening of the media in
preexisting cerebral aneurysms.

Although this study replicates some of the previous work by this
group on simvastatin, it does confirm the potential for statins as a can-
didate therapeutic for the prevention of cerebral aneurysm progression.
Furthermore, the present work demonstrates that statins are capable of
inducing regression of degenerative changes in preexisting aneurysms
and act, at least in part, through inhibition of the NF-xB pathway,
which is critical in inflammation.

Collectively, the present work lends credence to the hypothesis that
inflammation may be important in the pathogenesis of cerebral
aneurysms. Moreover, the present work supports further investigation
of statins, with their known pleiotropic effects, for the medical treat-
ment and prevention of cerebral aneurysms.

R. Webster Crowley
Hian K. Yeoh

Aaron S, Dumont
Charlottesville, Virginia
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his work may provide another piece in the puzzle of cerebral
aneurysm pathogenesis. It is demonstrated here that the formation
and progression of experimental rat aneurysms is mediated by NF-xB
via downstream effects on chemokines monocyte chemotactic protein-
1 and interleukin-1b, inducible nitric oxide synthase, the adhesion mol-
ecule vascular cell adhesion molecule-1, and the gelatinase enzyme
matrix metalloproteinase-9. These findings are not entirely surprising;
the statin agent simvastatin has already been shown to alter NF-xB
expression (2), and previous work from this same group has estab-
lished the therapeutic potential of simvastatin in inhibiting experimen-
tal aneurysm growth (1). Still, these findings using the agent pitavas-
tatin strengthen prior results and also suggest that the effect of
simvastatin on aneurysms is not unique. They also help clarify the role
of NF-xB in this particular experimental model.
Although medical treatment of unruptured aneurysms to arrest
growth or even lead to vascular healing and aneurysm regression is an
appealing notion, interventions in the complex molecular cascades

involved in vascular injury and inflammation remain empiric. But by
carefully working out the exact molecular mechanisms of aneurysm
formation and growth, we may someday arrive at efficacious inter-
ventions directed at specific targets in the molecular mechanisms of
aneurysm development and growth.

Tim Darsaut
J. Max Findlay
Edmonton, Canada

1. Aoki T, Kataoka H, Ishibashi R, Nozaki K, Hashimoto N: Simvastatin sup-
presses the progression of experimentally induced cerebral aneurysms in rats.
Stroke 39:1276-1285, 2008.

2. Sironi L, Banfi C, Brioschi M, Gelosa P, Guerrini U, Nobili E, Gianella A,
Paoletti R, Tremoli E, Cimino M: Activation of NF-xB and ERK1/2 after per-
manent focal ischemia is abolished by simvastatin treatment. Neurobiol Dis
22:445-451, 2006.
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Prospective SAH Study in Japan, 2005
Yoshiaki Suiokawa, M.D.,! Hiroki Kurrra, M.D.,! and Kiyotaka Fum, M.D.?

Department of Neurosurgery, Kyorin University School of Medicine, Tokyo, Japan

Summary: To clarify current treatment status of ruptured cerebral aneurysms in Japan, a prospec- Key words:
tive multicenter observational study on the treatment results for aneurysmal subarachnoid hemor- * aneurysm
rhage was conducted over calendar year 2005 and final 1-year outcomes were collected. Studied cen- « clip

ters were selected from among institutes of committee member of Japanese stroke surgery organi- + coil

zation or symposium of vasospasm in Japan. A total of 927 patients were enrolled in this study and
treatment policies were left to each institution according to the patients' background and aneurys-

- subarachnoid hemor-
rhage

mal characteristics. The observational protocol was similar to those of ISAT, especially the catego-

rization of aneurysms, follow-up timing at 2 months and 1 year, patient outcome evaluation and

recording of incoraplete treatment results.

Finally, 770 patients were treated, and clipping was performed on 79% of them. Coil embolization

was preferred in aged or vertebro-basilar artery aneurysm patients, and the 2-month outcome was

identical in both the clipping and coil-treated groups. The 1l-year outcome was better in the clipping

group, but the initial patient condition in the clipping group was definitely better. The completeness

of treatment was better in clipping, but post-treatment bleeding, hydrocephalus and epilepsy were

identical in each group.

Evaluation of overall management outcome is mandatory to elucidate the contribution of endovas-

cular treatment on the treatment result for ruptured cerebral aneurysms.

Surg Cereb Stroke
(dpn) 37: 1-6, 2009
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Table 1 Patient population and culcome in each treatment modality
Clip Caoil Pvolue
n=0606 n=164

Average age ly.o.) 58.9 61.8 NS
WENSH, I 68.2% 59.1% p<0.05
Small aneurysm 89.2% 86.4% NS
VB aneurysms 71% 36.7% p<0.001
GR + MD {2M] 74% 72% NS
GR + MD {12M] 77% 6&9% p<0.05

abbreviations; clip; patients treated by direct surgery, coil; patients
treated by endovasculor surgery

WEFNS 1, 1I, Il; percentage of patients categorized World Federation
of Neurological Surgery grade |, Il and Il

fess than 10 mm; percentage of patients with aneurysms smaller than
10 mm in diometer.

VB aneurysms; percentage of patients with VB; vertebro-basilor artery
aneurysms.

GR + MD {2M; percentage of patients calegorized good recovery
and moderotely disabled of Glasgow oulcome scale at 2 months after
their onset.
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20054 1 EE B OB RBARBESIC OV T, BARRE
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DI L, BEICEFOB O30 MR FUIE ) & 5
E L CHER2ES T TISATEHU® study design CHil
SHEFH RS, BRESH 21To /. SEHBRUT
O THB.

B B, M ARH, AKREM, AkKday, A
K H-K grade, AW WEFNS grade, &5&
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W {15 C CT 538 (Fisher), &M FH, AERA

dome £ (mm), neck ¥ (mm), bleb # &,

Location
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Fig. 1
{white} or coil embolization {black).

Selection of treatment modality: Each bar graphs show ratio of patients reated by clipping

upper left: Selection of treatment modality in age. Coil embolizotion increased in the trear

ment of elder patients group.

upper right: Selection of treatment modality in aneurysm location. IC; internal carotid artery
aneurysms. MC; middle cerebral artery aneurysms, AC; anterior cerebral ond anterior com-
municating artery aneurysms, VB; vertebral and baosilar artery aneurysms. Clipping is pre-
ferred in MC patients and coil embolization in VB patients.

lower lefr: Selection of treatment modality in WFNS grade. Coil embolization increased in

the reaiment of moribund patients group.

lower right: Selection of trealment moddlity in aneurysm size.
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Preoperative evaluation
According to ISAT

100%
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B cov

Real treatment
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0% N
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institute

[ ] CLIP(N=606)
Il COlL (N=164)

Fig. 2 Selection of ireatment modalily in each institute.
Each bar graphs show ratio of patients appropriate for or treated in real by clipping {white},
coil embolization {black} and each treatment modality was preoperatively considered 1o be

available {gray).

left. Selection of preoperatively assigned treatment moddlity in each institute. Each institute

is indicated in alphabet.

right. Selection of treatment modality in real. The alphabet is identical 1o left bar graph.

Wi EE, EE,
FHE, FHEME, FH day, FHH HK
grade, F#7 A7 WFNS grade, ¥ HMlF £,
ISAT X4, JEFHOIEH, HRAR, Hfx
R, BEAMHE, WPRE, BRI,
EWREE B, RERLEREITR,
DIND » A #&, H DK &, drainage T4,
shunt #4f, TA»A, &FEHE F#%GOS
(2M), F# mRS(2M), F# GOS(12M), F
#mRS12M), FHRAREH
2T, ABday, FMiday BBEH day 0& L7z, &
JERE® H-K {3 Hunt and Kosnik grade, WFNS i World
Federation of Neurological Surgery 2 OB Td »
SAH @ CT 41313 Fisher 5O b 0% H w7z, 7 blebid
IR dome il A LN AEZE Imm Lo ERL
7>. DIND i1 delayed neurological deficits, GOS (2M) i1 %
#i£ 2 71 H 1% 9 Glasgow outcome scale, mRS (2M) I3 5&4E 2
# B #% @ modified Rankin scale %, GOS(12M), mRS
(I2M) X FNENRIE 12 BEOTFHOBTHL., Zh
SOEB %, EREALEDLTXTOHETHMIIT
A S EEFL, BEEABHREZEDLVHNETHEER (&
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ISAT & U VB DT HASY LIS 927 61 (it
/B =21, THERKRNSE)THY, &40 R
WENS grade I-I1#259%, 7~ + LEIRIGIZ87% TH-
2. 05 BEEFITbRAZT0FI O % Table 1127R
T, coll AWEH & N/ 164 B FRFEHI O 21%, EPIERH
141, FIME BZE 23)13, clip AAE N & £172 606 B GR35
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FEFDOE coll DEFRBEEclipEbbhdhoi. Lk
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» clip EFIOFHRIPEE (p <005 IZRFTHo .
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AT, BELVLEERN Tl MBIRShBEMICH -
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W LRI RBRENIR (AC) & LB L €, HEIZMC T clip,
VBT coil AR ENT Wiz, BIRBOKE &iconT
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DY A PR o Ao (WA
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Table 2  Peritreatment events and durability in each treatment modali-

Table 3 Frequency of DIND, NPH and epilepsy in each treatment

ty modality
Clip Caoil P-value Clip Caoil P-value
n=0606 n=164 n=606 n=164
Days to Tx {Day} 1.8 3.6 p<0.01 Fisher group 3 64% 65% NS
Pre Tx SAH 8.4% 6.4% NS DIND 21.7% 17.9% NS
Peri Tx SAH {major/minor) DA on CT 22.6% 24.7% NS
7%10% 0%-4% LDA on CT in DIND 15.6% Q7% p<0.05
Tx Durability LDA on CT in nonDIND 6.8% 11.2% p<0.05
complete @2% 65% p<0.001 NPH at 2M 28.1% 22.2% p<0.05
neck remnant 6% 25% NPH at 12M 22.6% 18.6% NS
dome remnant 2% 10% epilepsy at 2M 1.7% 1.1% NS
Post Tx SAH 2.3% 3.6% NS epilepsy at 12M 2.3% 2.0% NS

abbreviations; clip; patients eated by direct surgery, coil; patients
treated by endovascular surgery, Tx; treatment, Day; day of subarach-
noid hemorthage was defined as Day O, SAH; subarachnoid hemor-
thage ‘

Pre Tx SAH; percentage of patients with second SAH belore treatment.

Peri Tx SAH; percentage of patients with second SAH during treat-
ment.

Tx Durability; percentage of patients with morphologically incomplete
treaiment.

Post Tx SAH; percentage of patients with second SAH after treatment.

WIS HEOHBIICER LN TW A, HERE)
BREIZoO>WT, BRHBEITEICZOBHRED cliplil & &,
coll &2, WFRLTHEN & L2 ISAT CH#E U - BhIRIE
DHF Y T SRR A LR LS, &
Tl clip A1 & 61%, coll & 13%, WHTHE26% Tdho
2GR OERIE, BRI E  clipdt79%, coil i 21%
Thol), BHBRITLICISATRELBREOHN 7T
)= L EEOBEFRR L O DN Fig. 2CH 5, B
EREICEE S N o R TTREMEIE D 5 2SHEER I O T o0 1
EOXIAFEEICKRE L, ISAT THREINRE 2 -7 [WE
DEFOTROLPEE] LHEFsha R, BETHE
BEISEHIIRADIDITEIETThoz, RICHE
WHEREAOT R THFRBERERR L BRI WG E&IL, 7
57 EEOET P OHE L~ORBROTFT AT T coil (B)
L% BT TH LYY, BMERERV-Tclip first THEH
HPWRESINTWBE I EPbd s, FHERIZ coil 2EHK
THEDEV (ol BRLEZOND)MFRIZE, HipToH
MTcoil X DBREIEEZETLIHEEXZOONE
(Fig. 24).

TGIRE B 2 BHTOEBEES IHE L IBROZERE
DOWT Table 212 % &7, EHEEMIZ clp 18H, coil
36 H (p < 001) & coil THEIED 57275, WEITOBEH
i clip 84%, coil 64% L EBZRDShihorz. RIE2
BB ORETARERBEOEE L clip 8%, coil 35% & F
F (p < 000D ICHEREBTE 2 o 1225, EERBIRE S

4 BREFOSE 372009

abbreviations; DIND;delayed neurological deficits, NPH; normal pres:
sure hydrocephalus, Fisher; Fisher grouping of CT findings of SAH

Fisher group 3; percentage of patients categorized Fisher group 3.
DIND; percentage of patients presenting DIND.

DA on CT; percentage of patients who showed low density area or
their final CT.

LDA on CT in DIND; percentage of patients who showed low density
area on their final CT among palients presenting DIND. This subgroug
is supposed o harbor severe vasospasm.

LDA on CT in non-DIND; perceniage of patients who showed low den
sity orea on their final CT among patients without presenting DIND
This subrgroup is supposed to harbor freatment complications.

NPH at 2M; percentage of patients demonstrating NPH at 2 months.

epilepsy at 2M; percentage of patients demonstrating epilepsy at =
months.

LOBMMkclip 30%, coil 52% THHICELEDLD
o7z,

PGB BT 2R M OB 845 & IE 5 IEKIEE,
TAPADEBEIZOWT Table 3ICEY. CT LomESR
EEFBEDONY, EHEERLEEEZRETADINDC
BEY, BRECT LOBEROHBEIAEREALN
Lol EEBIEEME KB 2T sd 2
(DIND %2 L, »0:BRMCT LoHERTE L HE.
BHEEOQ<005) T coll ThLholed, HEICHES B
HEBHEOTEENLNSH S [DIND 2B &b o298, BE
BCTLOWMERZHFLEE] BHFE (< 0.05)12 coi
TE o, EFEEKEEDBEER coill Th4&WHEIANZS
D, BICRE2HAOBETREEENEDLNE. TA
PADEEIZDWTI, TGRBENTELRO o7

% =

2002 £ D ISAT BLBEYY, BEBLIKEINRIE O RN~
WTDRBNHL 2 WA, Bk & IZEHBE R RkiE)
F— 3w wEIICBIT S, 2005 FE0ETOET
DOHRREPLPETEHIEE2EWELT, $35EAARS
EhoNHFEEEERRANLLY VED Y ASFTY
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CLIP
appropriate
aneurysms

COIL
appropriate
aneurysms

Fig. 3

CLiﬁ-ﬁrst strategy

COIL -first strategy

Schematic drawing of comparison of patient population in dlipfirst and
coifirst strategy.

All aneurysms can be theoretically classified into 3 categories accord-
ing to ISAT; clip appropriale aneurysms, coil appropriate aneurysms
and each trealment available aneurysms. In clipfirst strategy, clip appro-
priole aneurysms {white column) and each treatment available
aneurysms {(groy column) are treated in real by clipping Iwhite arrow)
and only coil appropriate aneurysms {black column) is treated by coil
embolization (black arrow). In coilfirst strategy, only clip appropriate
aneurysms {while column] is treated by clip and each treatment avail-
able aneurysms {gray column} and coil appropricte aneurysms [black
column) are lreated by cail embolization (black arrow). In ISAT study,
only each treatment available aneurysms {gray column} is enrolled and

allocated.

A EEEZ2To BRELT, calNOT7 7 EADIEE
RGFREROE S BB TP CTFET 55, 4kl
L LB, BEEM, #HEBEBIRRBIIREIC coil 2SR
ShaEESHEHL»E Shi.

BRI CREBICTOALERNE T L o (I R -
FFRR) 247 o728, BEBIRONA 7ALCHEEELS ]
O, HEABOERRHHTLZLEARTH- Y. L
PLEBLIDL) BN, TAREELTY, Efns
BERRBED coll THR Lo TR Y DY, &
HHSICIAEMBEZELIIVWTD, col RBEM)
HAhHREL LI LND.

ISAT o 7o b a0— W CHENE YT CHLM
L% 572543, ISAT D entry criteria Tdh 5 [clip & coil
DVTRLARE] & T2HMOREERTHL, 2T
BAMIREBREE clipl &, coll &, WTFh L3
BICOETRRIEET A L, clipBEEofkCTldclipf X
EWTRHHED 28I clip #17 v, WT coil BESE DMk
Tllcol & EWTROITRED 2B S coil 2175 Z & W0
% (Fig. 3). FMETHIRA LA, HLHETHEOBR
RrybiFbhizars— HRPOHAKRNEBREN DL
BT, oL ftrRELTONRBEROHRL
HETLERAA TAOEEILENDL I LETERVOD

HHLHTHY, ISATOEBRAHPER TV S0 [
WHEl LEHRIEOA EMENGE L7 D study design
Wdhd., LdLueds, AWMECLHASHRLIE, 2o
(MHETHE] LT 2HMCKERELDEHHY, ISAT
T OHBOEEMILZEN TR, Thbbitkd
SMENEENSHPARITORTELBKMNT [TETEE]
EHEF S N EANARIBCRBICEE SR A B LKA
(R ThLTEELIHLEDOTHDL. FRENDEREN
HEOESR, S 61 coll O RBIIRE HE SR T2
B EEBRETAOICE, SOX)RRERON LT
AERHRL, 7XCOEBRES T & O T 5 overall
management outcome DEIIR L ULENH Y, EH
R RN BV,

] ]

FHOWRBHIREOERBROBIREWP LT 5T
EZHEME LT, 20054 1 EHOBRBEEL MRS
MEETHMEEE 2T o0, MEPNERIHBEANO 21%
WWERINTEY, BREROERE LT, BEEBLH
R OK S SITIEED R h o 12, BEFRPHEEREIR
FEIRE C coll BPBIRE N B EMICH o 72, ENEFROWE
BEIELOFRHRIE, BEZHVATREZZST, 15&IE
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clipEROFEBRIFTH o724, BEEEELYRML.
WEEtEDH Y, B HEAECTERI LAEIIINT S
2k — FMFRORA L Bbhi.

clip & coll DUF ARV D, B, BEAEREM, H
FREBIRRBRE~OBRESHIEI > TED, WHED
WREOEREMEER L LERHT 2480 H2 L EBbh
7=,

AL, PUTICR RStk OERR) o St hic
LOETEINLZIDOTHY, ZOBEEY TELLIBE
EETHLDTHAS.

RS, WRRYE, FHkE, G@A%, LETKE,
FIIKRE, EXERERLY ¥y —, ILOAE, ks,
BKEAZ, WXERE, FEERKERE, BHAE #EX
%, BREEFIHE, KETIREEREYy—, K4K
2, PR ERE, BIUKE, FRKE, HEEREHA
%, MHEGRERERE, BERE, BREVERKSE, H

FRE, BUEMERKRE, BBRUEMNKE, PifER
RER, ZERE, SGERERE, JLER%, HHKRE
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Prospective SAH Study in Japan. Comparison Between 2005
Study and 1994 Study

Yoshiaki SHiokawa, M.D.,! Hiroki Kurita, M.D.,! Isamu Sarro, M.D.,' and
Kiyotaka Fui, M.DF?

Department of Neurosurgery, Kyorin University School of Medicine, Tokyo, Japan

Summary: To elucidate the contribution of endovascular treatraent to the overall management out- Key words:

come of ruptured cerebral aneurysms, prospective multicenter observational studies conducted over * aneurysm

calendar years 1994 and 2005 are compared. The study in 2005 (Study 05) enrolled a total of 927 + clip

patients from 30 centers selected from among institutes of committee member of Japanese stroke + coil

surgery organization or symposium of vasospasm. Treatment modalities were left to each institute + overall outcome

and finally 770 patients were treated. Clipping and coil embolization were performed on 79% and + subarachnoid hemor-
219% of the patients, respectively. The study in 1994 (Study 94) enrolled 785 patients obtained from rhage

11 institutes, and all the 525 patients were treated by clipping. Patient outcomes were evaluated 3
months (Study 94) and 1 year (Study 05) after onset and treatment, and overall management out-
comes were evaluated. Patients’ background such as age, aneurysm location and World Federation
of Neurological Surgery (WFNS) grade were not significantly different in the 2 studies. As a result,
favorable treatment outcomes were obtained in 74.5% of the cases in Study 94 and 75.6% in Study
05. However, overall favorable management outcomes including non-treated cases were obtained in
£8.5% of the cases in Study 94 and 64.4% in Study 05, a significant improvement (p<0.,01). A sub-
group analysis demonstrated improvement of treatment outcomes in poor-grade (WFNS IV and V)
patients and increased ratio of treated patients in poor grade, aged (>70 years old) and vertebro-
basilar aneurysm patients. Compared with Study 05 to Study 94, treatment of ruptured cerebral
aneurysm by either clipping or coil embolization improved, not treatment outcome, but overall man-
agement outcome than those treated clipping only.

Surg Cereb Stroke
(Jpn) 37: 7-11, 2009

Lo

HEAETHRIRE Zodz. LOLAASEDRRIIOVT

Bartr P A0BoNERNEHREONRTELT,
MR ER (Col) DRBICE D, BEOBMSHRIN  BERSCBVCIEN I & \HRER S THRTREZ ER
PRHBIRA AT L CEGERM (clip) SR T 2o 0BBEFE  RiRA COFRELLERNNESE SR TWHOPRIRT

kb BEEESE, TRERY  RMESLR (S HE 2008.8.25 (B H 2008.9.17) GE# S 1 T181-8611 BHI =K i H I
6-20-2 BHkSE FsEslE %) (Address correspondence: Yoshiaki SHIoKAWA, M.D., Department of Neurosurgery, Kyorin

University School of Medicine, 6-20-2 Shinkawa, Mitaka, Tokyo 181-8611. Japan]
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Table 1 Comparrison of treatment outcome between Study 94 and

Table 2 Compariison of overall managemenl outcome belwe

Study 05 Study 94 and Study 05

Study 94 Study 05 Study 94 Study 05
No. of patients N=525 N=770 No. of patients N=785 N=927
Average age 57.7 60.8 Average age 58.9 60.8
WENS grade |, I, i 70.4% 67.8% WENS grade |, 11, I 59.7% 58.8%
GR + MD 74.5% [3M) 75.6% (1Y) ns GR+MD 58.5% (3M) 64.4% (1Y) [p<0.0
D 12.2% Q.7% ns D 30.2% 21.8%

%ol GR+MD % of GR+ MD % of Tx, %ol GRHMD % of Tx, %ol GR+M
Aged ) 5$ gf ns Aged 50%*' 38% 72%* a1%
WENS IV and V ?: 7; s WENSVandV  50%*2  26%*%  66%*? 353 *3
ve e e ns VB 73%**  58% Bo% ™t 62%
large - ; - targe 87% 59% 89% 54%
abbreviations; WFNS |, Il, lll; percenloge of patients calegorized o ) I )
World Federation of Neurological Surgery (WFNS) grade |1, It and 1Il. abbreviations; WFNS 1, 1l, Il percentage of patients categoriz

GR + MD; percentage of patients categorized good recovery and
moderately disabled of Glasgow outcome scale at 3 months (Study
Q4] and 1 year {Study 05). D; percentage of patients who died at 3
months {Study 94} and 1 year (Study OS5).

% of GR+MD; percentage of patients calegorized good recovery and
moderately disabled among patients who underwent ireaiments in
each sub-group.

Aged; patients subgroup who were older than 70 years old.
WENS IV and V; patients subgroup with WFNS grade IV and V.

VB; patients subgroup whose ruptured aneurysms located on verebror
basilar artery.

large; patients subgroup whose ruptured aneurysms was bigger than
10 mm.

H2517Y 2ok Bclipd coll DRIV,
BEHNOEFEFHILORBEORBREEITLATW S,
B2l Tl PEIRIDHENB LI ko ThbekE L
THERBREOBRERFEIFLEL TV A200EMIHES
PTREVYE, 22T, KBTI 2005 40 B AR S
DHBFERBLOTANRZIA YV RY Y ACHBRLBRH
4 (Study 05)7 &, BYNRIEIEHE S clip DB TH - 72 1995
EOHAEBERONEES (&E | BHAERHEIH
FE BBV TITbNHH X %5 (Study 94)% & %
HEL, col ¥RREQTHRBRBOBRBREEIIEDLS
CEEBLTWAPERE L.

5 -3

Study 0513, 20054 1EMOBAEBIKIEERICOWT,
HABERONBERBIUANZLY VRV Y LE¥E
BEEGROI b, BELHEFOE LN/ 30 % 15
ELTITo - S K5 (RRMR, RELH)TH .
clip? coll DB BERIEHBROHMICW R
A, BERHIIZ L A CSSMEN (BE2 B UR) 2fFbh
THBY, BETFHRIIRIE 1EHD Glasgow outcome scale

8 MaEHosiE 37: 2009

World Federation of Neurological Surgery (WFNS} grade |, #f and I
GR + MD; percentage of patients categorized good recovery o
moderately disabled of Glasgow outcome scale at 3 months (St
94) and 1 year {Study 05). D; percentage of patients who died al
months (Study 94) and 1 year (Study 05).

% of Tx; percentage of potients who underwent treatments in each st
group.

% of GR+MD; percentage of patients categarized good recow
and moderately disabled among patients who underwent treatments
each sub-group.

Aged; patients subgroup who were older than 70 years old.
WENS IV and V; patients subgroup with WFINS grade IV and V.
VB, patients subgroup whose ruptured aneurysms located verteb
basilar artery.

large ; patients subgroup whose ruptured aneurysms was bigger th
10 mm in diameter.

*4p<0.05, " *3: p<0.01, *2 p<0.001

(GOS) CHHili L 7. FEHMBI L G 72§ < TH SAHIKE
ZonwT, BEEAERESEILVELILEE-HES
TR (ERKERARIMEN I TEE L, SROWER
RXOHE—HE LTHICHE LAY,

Study 94 b, 11fERkOBIMTITbhLpimE &5 (8
g, BERI T, ABICERBEALED-TRT
SAHEFIZ D W THEER (B KM AEIE) 1o TE
L7z, SEOBIRERER RN dipoi T, 1
YBREBUMEEISTbR TV, BEFHRIEIRES Y
%D GOS TEM L 7=,

METLELZ 2B MO % 7 4 ZHFRBRETITV, p
0O5EFHEL L7,

] g

2D DHEEHID W T2k (overal) D FEIYE RS & FiE
(BIEFIDILE), BLUERRINLERNOFYERLE
B, mABRTH5E, Study 9413 78581 (B © &k
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{ Treatment outcome

Study 94(N=525)
WFNS

Study 05 (N=770)

GOS

Overall outcome

Study 94(N=785)

Study 05(N=927)

Fig. 1

Comparison of treatment and overall outcome in Study 94 and Study 05: Each small pie
graphs on the left show ralio of World Federation of Neurological Surgery IWFNS} grade
on admission. WFNS grade 1 1o 3; white, grade 4; gray, grade S; black. Each large
pie graphs on the right show ratio of Glasgow outcome scale [GOS). GR-+MD is good
recovery and moderate disability; white, SD+V is severely disabled and vegetalive siate;
gray, D is deod; block,

upper left: Admission WFNS grade and GOS ot 3 months of Ireated cases in Study 94.
upper right. Admission WENS grade and GOS ot 1 year of freated cases in Study 05.
Treatment outcome of Study 94 and Study 05 is identical,

lower left: Admission WENS grade and GOS at 3 months of all cases including untreat-
ed in Siudy 94.

lower right: Admission WENS grade and GOS at 1 year of all coses including untreated
in Study 05. Management outcome of Study 05 is significantly betier than thal of Study
Q4.

120, FHERHSSIR) MHEHE I, ZORERK WFNS
grade I-TIIIZ597% TH o2, BEI N0’ EED
66.9% (2 & 7= B 525 B CRH4EHI 577 #L) T, & O RBLH
WFNS grade I-IIT12704% T3 D, (E1EE812 clip (@R
FEBAERBAEHT93%) TdH o /2. —H, Study 05113 927 i
(B &=1 21, FHEROSE)NEH K,
D3RR WENS grade -1 588% Th o7z, HESH
72 OREERO831% 2 H 72D 7705 CELEH 608 ) T,
ZORKEH WENS grade I-TI11X 67.8% Th o7z, EEN
i, 6065 (79%) 4% clip (BY MR BEEP 97%, /3 A /XA
3%), 1641 (21%) A% coil GE PIEEH: 86%, IS &MY
F17%) THo72(Table 1, 2). Tabb2o00EH T
T, B I CERFAORYERE BEEECRENLALN
Loz,

HGHRBIOF 13 Study 94 CRIE3 H A, Study 05T
FAE TEBICHM S T, 5l @ GOS T good
recovery (GR) & moderately disabled (MD) Td - 7= F1%
RUFHIIE Study 94 T745%, Study 05 T756%, JET-HIH
TREN122%, 97% L EEBD L H 572, subgroup Bl
WAL TFHRRBFHOLEDL, SEE (ToEbl), BEH,
REZEFEIRE (VB), KEHE(EHE 10mm UL ozh
ZFROEFIREIC BT, Study 94 & Study 05 DREIZIEE
RGN o1z (Table 1).

ZHATH L TIEEERA D S0 & EF O F % (overall
management outcome) tX, FFlifD GOSTGR & MD T
& o 12T BRIFPHL Study 94 T 58.5%, Study 05 T 64.4%,
FECH L £ 2 302%, 21.8% EHEE (<O ITHEL
Tz (Table 2). ZoHAE L THREESOLE S % KMt
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T,
T,
~~~~~~

CLIP
appropriate
aneurysms

appropriate
aneurysms

Un-treated
neurysms

Fig. 2 Schematic drawing of comparison of patient population in Study 94

and Study 05.

All aneurysms can be theorefically clossified into 3 categories accord-
ing to internationa! subarachnoid aneurysm trial {ISAT); clip oppropri-
ale aneurysms, coil appropriate aneurysms and each treatment avail-
able aneurysms. In Study 94, dll the aneurysms are treated in real by
clipping (white arrow). In Study 05, clip oppropriate aneurysms {white
column] and some of the clip available aneurysm {some of the gray
column) are reated by clip (white arrow} and some of the coil avail
able aneurysms {gray column] and coll appropriote aneurysms {black
calumn) are Ireated by coil embolization {black arrow}. Note that sus-
pected number of untreated aneurysms is more in Study 94 than in
Study 05. In ISAT study, only each ireaiment available aneurysms {gray

column) is enrclled and ollocated.

T 5 E#EZ 5N D subgroup 12 BT B HEE (%) B EE,
HIE, VBrwiIhdHEICHENNL Y, FA-EEMAO
FHBFFIEZ 2% 5 B%~NEHFELLEEL TV
(Table 2).

o4, Study 94 & Study 05 DiE#EH & SHER
IZDWTEEER WENS grade & FHliEGOS %M 75 7 ¢
FRLLDONFig. 1THDH, LEOBEHEHICEV T,
EBL-BEEOBERICH L THBEELSI AL XS
v, TROSENOTREALE, A LEE
EoEEIH L T RBFFIOBINE FETH OB HR
BTEAL.

% =

AR, clip & coll ATV D, 3L T
clip DA O L B L TR MENIRE O BB AL I b
LTWwAHO»EEEKHE LT, ZORMERALZLOT
HA, HELTW5S Study 94 & Study 05 DENHEEHHE
—TCHRWZ ERFFMREEIA R 2 542 L, study design {Chk
FEERLEZIAED LD, ERMEEEEIIBTGEML
EEMICH LT, BERINEFROAMIFILLEFE
(treatment outcome) DI TIIFEM TEL RO TY

10 G osE 37: 2009

v, L2aLaPoiBBBREL bo EALSUEERND
F 1 (overall management outcome)id, Efpd BRI
BOTEBLAZBERTH B0 25T, Study 05
THELYEL T, ToHBEE LTHEKEE, VBTR
ERBGEAE LR BSSIEARL TE Y, HEF TG
BBISARL, POoBBREErmELLOTHEI
PO ME Lo,

AEBEOBIZBWT, cipk coll DEFZIENLE
FERTEENCEREITABL Do TELY, &
BN DOWTORLE L CAHATYH, RN ESERTEL
Mot CTOMERRRT A0, BRBKREICLVEL
Zo BHET MU SER OREMELE I X D mEIELL,
P OEBRARPOBE T AMMCH S I L ERT L 0E
Wb, ThbLbBEIFERFALEOL T TOBEERN LT
{li4 % overall management outcome OE M A HHE 5
CENBELROTHL. TOFHEE, PO THEHRED
EHEEHPRE SN T80, RSN -BHE
i3 58 FEH O RIF 2 BT BT R ekl
Bl zony, ELoHNCHzELTREIL LD
TH5Y. BEBEEN—KILLZSHIZBWTY, dip &
coil DEFHBIROBES, WEDEREDPFRIZA /- &
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£ BERILHRN RA LI E L TR FIRE O BRI S
ZHHETH), FOHFTORENEAME RIS LD
WHTENTES,

Z 2 CTHEHAMICEIIRE % international subarachnoid
aneurysm trial ISAT)\ZHEU Cclipfl &, coilfil X, W§
NLWREO IHICOBETREEETSL &, clipDANEE
FERThHo 2L, coil THIILEHRTIEL BT IZHH
MHENCTHo72?, clip & coll OMEN TR E o &
&y, BENEMEARLALZEE, —HOEFTIRTFE
DUEIBONLENRMETHLIE Loz, (EB
CRFHEECE=S ) FREORKICL 2 ERTRO
WREFHOYBEIIBE SN LEINEIZ clip T 10ERT & ]
BLTEo{H#ERLTRVWELTYH, RITRLA
Study 94 D EHZEHNZ Study 05 THBNRE L - TV AL E)
Lk hhsnZ itk s (Fig. 2). HDEVWFET
i, BRICES kdh o HEM (EBICIIRRCEE L2
WE 5IZE  DIEFIHDH ) 1E Study 94128 V>Tid Study
05L& L&D, ThOOEMEERICANT overall
management outcome D#F 2 HIZ X, HHHEETH
ZOHREELEYDIT bR aks— MEHHFORREEE
ERENORETIE, 0L &G E2RELTLNREE
FOMBICEET BEIRNS T AOEE,SHENDLZ LI
TELHZVOIRBELATHY, ISATOEBRABELTHS
O METE] 2BHRBOATHIANRELLZED
study designiZd 5. Zhd o ORMENEICIBW T,
clip& coll # WX BEZ HTIIL L, MEOMNAL4
L7zt 8tk (combined decision making) 9040 &
LBETHAI.

# L

MEWHFEROBRICIIV Y, BRBIIREOEEBIC
DAER L -HE CREORBIIYWHIELA LRV, FE
HEH b &7 overall management outcome VB EITE

FELTWw/ 20MHBE LTEBE, VB TIZERRER
EREWHBBISS AL THB Y, BEEFCIIHREESHY
KL, POEBREEIFHLELLEDTHEIEAHLME
ol clipkcoll # M SEHDOTIRER L, WMEOFH
EEPLCEBBRFHRENBEECHS.
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Natural course and
management risks of

Unruptured Intracranial Aneurysms
Interim report of UCAS 1l

Akio Morita, Takaaki Kirino, Nobuo Hashimoto,
Shunichi Fukuhara
UCAS Il Investigators
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Limitation of UCAS Japan

+ Short follow-up period

+ Detailed patient data (MMSE, QOL)
were not collected

« Shape was not assessed

» Data verification/ Incomplete data
entry

+ Bias (case selection)

UCAS I
More detailed data collection
and source document verification

. lr{fotmgd‘consent
- InltlalForm

Follow-up protocol

early F/UP|
By letter

_ Hospital
registration
(IRB)

42 months
FORM It
QoL-12

UCAS |l Objectives

Clarify the influence of documented UCA
& management on patient’s QOL & Mental
function

Clarify the long term natural course of
UCA

Document the influence of detailed
radiological information (including 3D data)
on the rupture risk

Cost-utility analysis of UCA management

UCAS || fEOHERBERKRT 2.

UCAS Japan Tl&, RIEHENESIRBOBRBEIEKRES,
BRI KBS BZIENHELMNEL DTS, LL
AAROFBEELT, BRBBRABMAENIE, KREH
BETHILOMETEROB RERECEFTOELLEEOM
MNT—RSEFTELRN oF=, TLBORFELTHIKS
BEELRRFEEILNTODIHNEEOZE/HHL LM
Ishzohimolz, T —20EAMELHTRIT
ZTILWVEL, FTTUCAS || TIEEDIZEMAT —2%8E
B O — L EEELBEERMBLE.

UCAS Il D BMIIERBANEIIRBELIFHREND
CEFEARBIZEKYEDKSICEFDE LT KR
REICHEBE 5 XN EHALMNET HIE, RFEH
MBIRBORBZBERETTH2L, XNBIRE
D 3 RITERIERL. BROFRICEBE TS
RELEMITT AL, REHMNEIREAERDOE
FRSRERIIT 5L THD,

FRBEROTOMI—ILIL UCAS JapanIZ#LIC
BB FREMNEES. TO®R3ILA 124
A. 6 FROBBEEEHRT D,
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