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Abstract

Several basic experimental studies have demonstrated that statins have beneficial effects for intra-
cranial aneurysm (IA). Clinical studies on unruptured IAs, however, remain limited to four retro-
spective studies that have reached different conclusions. This study was the first open-label, multi-
center, randomized controlled trial to assess the preventive effects of atorvastatin. Patients with
unruptured small saccular IAs were randomly assigned to statin and control groups. The primary
endpoint was a composite of aneurysm growth of >0.5 mm, new bleb formation confirmed from
magnetic resonance (MR) angiography, and rupture. Enrollment was prematurely terminated due to
unexpectedly slow enrollment. Of 231 patients (275 target IAs), 110 patients (128 IAs) were randomly
assigned to the statin group and 121 patients (147 IAs) to the control group. After excluding 22
dropout patients, 107 IAs in the 93 statin group patients and 140 IAs in the 116 control group
patients were finally analyzed. No significant differences of basic characteristics were evident
between groups, except for significantly higher systolic pressure in the statin group (P = 0.03). The
primary endpoint occurred in 28 IAs (20.0%) in the control group and in 17 IAs (15.9%) in the statin
group. No aneurysm rupture was confirmed in either group. Significant beneficial effects of statin for
IAs were not demonstrated for the primary endpoint (log-rank P = 0.359). This randomized trial did
not establish any preventive effects of atorvastatin for unruptured small IAs. Further studies of
larger cohorts are required to clarify the efficacy of statins for patients with unruptured IAs.

Clinical trial registration: UMIN000005135

Keywords: cerebral aneurysm, small unruptured aneurysm, statin, randomized study

Received January 18, 2021; Accepted March 18, 2021

Copyright© 2021 The Japan Neurosurgical Society
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives International License.

442



Statin for Unruptured Intracranial Aneurysm 443

Introduction

Subarachnoid hemorrhage (SAH) due to ruptured
intracranial aneurysm (IA) is a devastating condi-
tion, not only carrying a high risk of permanent
neurological deficit or death'® but also often
affecting relatively young patients in the most
productive period of life compared to other stroke
subtypes.”” Among the known surrogates for assessing
rupture risk of IA, such as location and irregular
shape of the IA, hypertension, and smoking habit,
IA size is the factor most widely used in thera-
peutic decision-making for patients with unruptured
IAs.°® Young to middle-aged patients with large
IAs often become candidates for prophylactic
surgery involving either endovascular coiling or
microsurgical clipping. However, greater difficulty
is seen in the decision-making on surgical indica-
tions for non-large IAs, due to not only the consid-
erable adverse event rates for both coiling and
clipping®® but also the favorable natural history
of small IAs.' Primary preventive care for SAH
using less-invasive medical treatments would be
highly beneficial for some patients with unruptured
IAs, considering recent circumstances in which
the number of patients with unruptured IAs has
been growing due to widespread use of non-inva-
sive diagnostic imaging modalities such as magnetic
resonance imaging (MRI).'

Statins (3-hydroxy-3-methhylglutaryl coenzyme
A reductase inhibitors) have been established as
potent cholesterol-lowering drugs for the treatment
of hyperlipidemia, and have been shown to confer
vascular protective effects by inhibiting several
inflammatory pathways also known as “pleiotropic”
effects. These agents are widely used for both
primary and secondary prevention of cardiovascular
and cerebrovascular diseases.'>'® Several experi-
mental studies using rodent IA models have demon-
strated that statins have beneficial effects for
IAs.118) Aoki et al. demonstrated suppression of TA
progression and regression of degenerative changes
in preexisting IA walls following administration of
either pitavastatin'® or simvastatin'” using a rat IA
model.

However, clinical studies investigating the bene-
ficial effects of statins on unruptured IAs have been
limited, with only four retrospective case—control
or epidemiological studies published to date.!®*??
This study is the first open-label, multicenter,
randomized controlled trial to assess the preventive
effects of atorvastatin on rupture or growth of
unruptured small IAs. The study design was prepared
referring to the small unruptured intracranial aneu-
rysm verification (SUAVe) study, the first prospective
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observational study to clarify the natural history of
small TAs in Japan.'®

Methods

Study design

The Small Unruptured Aneurysms Verification-
Prevention Effect against Growth of cerebral Aneu-
rysms Study Using Statin (SUAVe-PEGASUS) study
was a multicenter, prospective, randomized, open-
label, blinded endpoint trial to assess the preventive
effects of statin against the growth or rupture of
unruptured cerebral aneurysm conducted as an
official project of the Japan Neurosurgical Society
by a steering committee in the neurosurgical depart-
ment of Kyoto University (Kyoto, Japan). Patients
were recruited from 45 Japanese hospitals (31 univer-
sity hospitals and 14 local base hospitals). The
protocol was created in accordance with the Decla-
ration of Helsinki and approved by the ethics board
of Kyoto University Graduate School of Medicine
and Kyoto University Hospital (C0505-3), with
additional approval obtained from the respective
ethics committees of all participating centers. This
study is registered with the University hospital
Medical Information Network (UMIN000005135).
Written informed consent was obtained from all
patients prior to enrolment.

Participants

We included patients with unruptured small
saccular cerebral aneurysm diagnosed within 3 years
of enrollment. Patient age was >20 years old and
<75 years old. The definition of small aneurysms
was those aneurysms with greatest dimension >3 mm
but <5 mm. We excluded those patients who concur-
rently had aneurysms untreated by clipping or
coiling with greatest diameter >5 mm. Patients with
hyperlipidemia who needed medical therapy were
also excluded from this study. Detailed inclusion
and exclusion criteria are as follows.

Inclusion criteria: (1) Patients with unruptured
small (3mms< greatest dimension <5mm) saccular
aneurysms diagnosed within 3 years of enrollment.
(2) Target aneurysms are located in the circle of
Willis or its periphery. (3) Patients with >20 and
<75 years of age. (4) The management of target
aneurysms is follow-up without surgical interven-
tions such as clipping and endovascular coiling.
(5) Patients with independence for daily life (modi-
fied Rankin scale: 0~2). (6) Patients in whom written
informed consent was obtained.

Exclusion criteria: (1) Patients who have a coex-
isting untreated incidental aneurysm of greatest
dimension >5mm except for the target aneurysms.
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(2) Patients within 6 months of surgical intervention
for the coexisting aneurysms. (3) Patients with
treated coexisting giant aneurysm. (4) Patients with
hypercholesterolemia who need medical treatment.
(5) Patients with history of hypersensitivity for
atorvastatin. (6) Patients on antithrombotic drug.
(7) Patients with history of intracerebral hemorrhage.
(8) Patients who have a history of ischemic stroke
within 6 months of enrollment. (9) Patients with
cerebral arteriovenous malformation. (10) Patients
with moyamoya disease. (11) Patients with severely
impaired hepatic function. (12) Patients with alcohol
addiction. (13) Patients during pregnancy or lacta-
tion. (14) Patients with uncontrolled high blood
pressure. (15) Patients with malignancy. (16) Patients
with cardiac failure or a history of ischemic heart
disease within 6 months of enrollment. (17) Patients
with renal failure. (18) Patients with respiratory
failure. (19) Patients who were disqualified as a
participant by the investigator for some reason.

Randomization

Patients were randomly assigned in a 1:1 ratio to
either the statin-treated group or the non-treated
group. As unruptured IA is well known to show a
higher rupture rate in patients with a history of
SAH than in those patients without such history,?%)
stratified randomization according to the presence
or absence of a past history of aneurysmal SAH
was performed under a secure, web-based computer-
generated procedure by the randomization center
(St. Luke's International University Graduate School
of Public Health, Tokyo, Japan). Members of the
MRI assessment committee were blinded study group
assignments.

Statin therapy

In the statin-treated group, 10 mg of atorvastatin
was administered at 10 mg/day and statin-related
side effects were checked by blood test 1 month
after starting follow-up and every 6 months there-
after.

Assessment of aneurysm size and shape

As accurate and consistent MRI assessment of the
size and shape of small aneurysms was of paramount
importance, a rigorous procedure for radiological
diagnosis was adopted in this study. Test images
from cerebral MR angiography were submitted to
the MRI assessment committee before enrollment
from each participating hospital, and both MRI
machines and protocol were checked and certified
by the committee. The principle that a patient
should undergo MRI examination using the same
machine and protocol was strictly followed during

MRI follow-ups. The protocol for MRI examination
is as indicated below.

Image acquisition: (1) Target aneurysms are
followed up using 1.5T or 3T MRI machine (3T
machine is desirable). (2) Images of MR angiography
are taken using three-dimensional time-of-flight
(3D-TOF) method. (3) Reference line should be
parallel to anterior commissure-posterior commissure
(AC-PC) line or orbitomeatal (OM) line. (4) Range
of image acquisition should contain coverage from
the foramen magnum to the corpus callosum. (5)
Spatial resolution is set as high as possible. It is
desirable that pixel size is equal to or lower than
0.5x0.5x0.5 mm. (6) In case of 1.5T MRI machine,
it is desirable to use imaging techniques such as
multiple overlapping thin-slab angiography (MOTSA),
tilted optimized non-saturation excitation (TONE),
and magnetization transfer contrast (MTC). (6) It is
desirable that echo time (TE) is set as water phase
is opposed to lipid phase. (7) It is desirable to apply
presaturation pulse in the cranial side.

Image processing: (1) Create rotation images of
three directions using target maximum intensity
projection (MIP) images covering whole cerebral
arteries. (2) Create sagittal slab MIP images of bilat-
eral internal carotid arteries. (3) Create MIP images
that clearly demonstrate shape and size of the target
aneurysm when needed.

Cautions for image acquisition and processing:
(1) Participating hospitals must submit test images
to the MRI assessment committee before the start
of patient enrollment and MRI machine and imaging
condition should be certified. (2) The same patient
should be followed up using the same MRI machine,
the same imaging range, the same imaging parameter,
and the same image processing method.

MR angiograms were blindly assessed for enlarge-
ment and new bleb formation by two readers (an
experienced board-certified radiologist and a neuro-
surgeon) from among members of the MRI assessment
committee. Enlargement was evaluated by the amount
of change in either major or minor axis of the
aneurysm. Images of the patient obtained every 6
months were evaluated by the same pair of readers
and compared with the initial image taken at enroll-
ment in every follow-up. When the pair of readers
made a different assessment, inconsistencies were
resolved by queries to the committee chairman
(M.S.) (Fig. 1).

Follow-up and outcomes

All study patients were followed up every 6
months at the enrolling hospital until 3 years after
randomization. Digital imaging and communications
in medicine (DICOM) data from MRI obtained using
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Fig. 1 Representative case showing MRI assessment
of the size and shape of aneurysm. Every MRI follow-up
was obtained in conformity with the initial imaging
protocol on the same certified machine and assessed
by the same pair of a radiologist and a neurosurgeon.
This 59-year-old female patient with right internal
carotid artery-posterior communicating artery bifurca-
tion aneurysm reached the primary endpoint at 30 months
follow-up due to 0.6 mm enlargement in both major
and minor axes by the MRI committee chairman’s final
evaluation following a different assessment of the pair
readers. Major and minor axes of the aneurysm at
enrollment were 3.5 mm and 2.7 mm (A) and those at
endpoint were 4.1 mm and 3.3 mm (B), respectively.
M: major axis at enrollment, m: minor axis at enroll-
ment, M’: major axis at endpoint, m’: minor axis at
endpoint, MRI: magnetic resonance imaging.

the same machine and standardized protocol as
used at enrollment were submitted to the MRI
assessment committee every 6 months until endpoint
or close of study. The primary endpoint was a
composite of aneurysm growth >0.5 mm, new bleb
formation, or rupture. The secondary endpoint was
the composite of major cardiovascular events. All
radiological events comprising the primary endpoint
were blindly adjudicated by members of the MRI
assessment committee.

Sample size calculation

According to the SUAVe study, as the first prospec-
tive observational study of small unruptured IAs
in Japan, the rate of enlargement or rupture per
36 months in multiple aneurysms was calculated
as 10.1%.'” The event rate in the control group of
this trial was therefore estimated as 10%; while
data for statin use in the population of the SUAVe
study were unavailable, statins were not so widely
used in the period of that study. The risk ratio for
the statin group compared to the control group was
set as 0.5 based on basic studies showing beneficial
effects of statins for unruptured IA.'®!”) Based on
these values, 477 IAs in each group were calculated
as necessary to maintain statistical power of 80%
with a 5% level of statistical significance using
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Fisher's exact test. Considering a possible dropout
rate of 5%, target enrollment was finally set at 500
IAs in each group for this trial.

Statistical analysis

Categorical variables are expressed as numbers
and percentages and were compared using the y?
test or Fisher’s exact test, as appropriate. Continuous
variables are expressed as mean * standard deviation
or median and interquartile range, and compared
using Student’s ¢ test or the Wilcoxon rank-sum test
based on the normality of their distributions.
Endpoints were assessed using Kaplan—-Meier methods
and compared by log-rank testing. All statistical
analyses were performed by a statistician (O.T.)
using SPSS software (version 25.0.0.1; IBM, Armonk,
NY, USA). All reported P values were two-sided
and regarded as significant for values <0.05.

Results

Study population

A total of 340 patients were initially enrolled
from 45 hospitals between October 25, 2011 and
May 30, 2016. After excluding 109 patients (57
patients who did not meet criteria for aneurysm
size as judged by the MRI assessment committee
and 52 patients who met exclusion criteria confirmed
by the enrolling centers), 231 patients were included
in the current analysis (Fig. 2). Among the included
patients comprising 119 patients with single aneu-
rysm and 112 patients with multiple aneurysms, a
total of 387 aneurysms including non-target aneu-
rysms (surgically treated or very small, <3 mm in
greatest dimension) and 275 target aneurysms were
identified. Of the 231 patients (275 target aneurysms),
110 patients (128 aneurysms) were randomly assigned
to the statin group and 121 patients (147 aneurysms)
to the control group, and follow-up was started.
Seventeen patients (21 aneurysms) in the statin
group and 5 patients (7 aneurysms) in the control
group dropped out before the first MRI follow-up
due to withdrawal of consent or detection of protocol
violations. Finally, 107 aneurysms in the 93 statin
group patients and 140 aneurysms in the 116control
group patients were analyzed in this study.

Basic characteristics

Comparing basic characteristics between the statin
group and control group, no significant differences
were observed in sex, age, number of aneurysms
harbored, past histories of SAH or ischemic stroke,
smoking, excessive alcohol intake, family history
of SAH, or diastolic pressure. Only systolic pressure
differed significantly, appearing higher in the statin
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Assessed for eligibility at 51 participating hospitals
340 pts.

not willing to participate
or meeting exclusion criteria: 109 pts.

randomized to statin or control group
231 pts., 275 ANs

! |

110 pts. (128 ANs) 121 pts. (147 ANs)
assigned to statin group assigned to control group

drop out before first MRI flu
17 pts. (21 ANs)

drop out before first MRI flu
5 pts. (7 ANs)

93 pts. (107 ANs)
attended follow-up

116 pts. (140 ANs)
attended follow-up

Fig. 2 Flow diagram of the study cohort. AN: aneurysm,
Pts: patients.

group (133.2+16.2 mmHg) than in the control group
(128.0+11.9 mmHg) (Table 1). No significant differ-
ences were also identified in blood examinations
for lipid metabolism, liver function, or diabetes
mellitus between groups (Table 2).

Locations of target aneurysms

Of the 247 target aneurysms, 105 (42.3%) were
in the middle cerebral artery, 87 (35.1%) in the
internal carotid artery, 22 (8.9%) in the anterior
communicating artery, 19 (7.7%) in the anterior
cerebral artery, 7 (2.8%) at the bifurcation of the
basilar artery, 6 (2.4%) in the superior cerebellar
artery, and 1 (0.4%) in the posterior cerebral artery.
The distribution of target aneurysms in this study
revealed a very similar pattern to that of the ISAT
study after excluding internal carotid artery aneu-
rysms located in the cavernous or paraclinoid
portions, as lesions not included in the present
analysis.?

Safety of administering low-dose statin to
normolipemic patients

Of the 110 patients in statin group, a total of
20 patients dropped out during follow-up after
randomization. Causes of discontinuation were

Table 1 Basic characteristics

Statin Control

Variables (n = 93) (n=116) P value
Female sex (%) 62(66.7) 71(60.7) 0.37
Age, y 61+9 60 + 8 0.38
Number of 1 (1-2) 1 (1-2) 0.71
aneurysms (median)

Previous SAH (%) 7 (7.5) 9 (7.7) 0.96
Previous ischemic 2 (2.2) 2 (1.7) 1.00
stroke (%)

Hypertension (%) 41 (44.1) 43 (36.8) 0.28
Current smoker 15 (16.1) 27 (23.1) 0.21
(%)

Excessive alcohol 6 (6.5) 14 (12.0) 0.18
intake (%)

Family history of 5 (5.4) 13 (11.2) 0.14
SAH (%)

Systolic pressure, 133.2+16.2 128.0+16.5 0.03
mm€Hg

Diastolic pressure, 78.6+11.8 76.8+11.9  0.28

mmHg

SAH: subarachnoid hemorrhage.

Table 2 Blood tests at enrollment and 6 months follow-up

Statin Control

Variables (n = 93) (n=116) P value
Enrollment
LDL, mg/dL 121+ 28.6 118 £ 25.3 0.31
HDL, mg/dL 62.1 £15.7 62.3+15.8 0.85
TG, mg/dL 138.4+94.1 137.2+78.2 0.92
CRP, mg/dL 0.11 £0.21 0.10£0.17 0.86
GOT, U/L 21.8+6.4 23.5+7.9 0.29
GPT, U/L 21.8+12.8 20.8+11.7 0.54
HbA1C, % 5.63 £ 0.56 5.60+0.46 0.75
6 months
LDL, mg/dL 72.8 £20.0 118.9+26.5 <0.001
HDL, mg/dL 64.0 £15.1 61.6 £16.4 0.32
TG, mg/dL 111.3 £66.8 146.6 £99.1 <0.01
CRP, mg/dL 0.09+0.18 0.11£0.21 0.53
GOT, U/L 23.8t6.4 23.41£8.9 0.76
GPT, U/L 2491128 22.5t15.4 0.24
HbA1C, % 5.86 £ 0.64 5.6210.44 <0.01

CRP: C-reactive protein, GOT: glutamic-oxaloacetic
transaminase, GPT: glutamic pyruvic transaminase, HbA1C:
hemoglobin A1lc, HDL: high-density lipoprotein, LDL:
low-density lipoprotein, TG: triglyceride.
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Cumulative Incidence Rate

18 24
Time (Month)
Number at risk

Statin 107 (0) 107 (2) 104 (4) 97 (1) 94 (2) 89 (8) 86
Control 140 (0) 140 (0) 137 (4) 131 (5) 121 (6) 108 (13) 99

Fig. 3 Cumulative incidence of primary endpoint.

statin-related side effects in six patients, withdrawal
of consent in seven patients, non-drug-induced renal
failure in one, advanced malignancy in one, preg-
nancy in one, and moving to a different location
in one, respectively. Statin-related side effects
comprised asymptomatic mild elevation of liver
enzymes in four patients, muscle pain in one, and
significant reduction in low-density lipoprotein
(LDL) in one patient. No serious adverse effects
were identified after low-dose statin administration
to normolipemic patients.

In comparing data from blood tests between the
statin group and control group after 6 months of
enrollment, LDL and triglycerides were significantly
lower and hemoglobin (Hb)A1C was significantly
higher in the statin group (Table 2).

Outcomes

The primary endpoint occurred in 28 aneurysms
(20.0%) in the control group and in 17 aneurysms
(15.9%) in the statin group (hazard ratio, 0.759;
95% confidence interval, 0.415—1.386). No significant
differences were demonstrated for the primary
endpoint between the statin group and control group
(Fig. 3, log-rank P = 0.359). In the statin group, 17 IAs
met the primary endpoint due to enlargement of
aneurysm size and 3 IAs met the primary endpoint
due to new bleb formation. In the control group,
21 aneurysms met primary endpoint due to enlarge-
ment and 7 aneurysms met the primary endpoint
due to new bleb formation. No aneurysm ruptures
were identified in this study. No instances of
secondary endpoint were identified in either group.

Discussion

In the present study, as the first randomized trial
to assess the beneficial effects of statin on unrup-
tured IA, patient enrollment was prematurely
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terminated because of a much slower than expected
enrolments, leading to a severely underpowered
sample size. As a result, superiority of the statin
group to the control group could not be confirmed
for the primary composite endpoint of aneurysm
growth >0.5 mm, new bleb formation, or rupture
while systolic pressure was significantly higher in
the statin group among the possible risk factors for
SAH.

In the design of this controlled randomized study,
we referred to the SUAVe study, which was the first
prospective observational study of annual rupture
risk associated with incidentally diagnosed small
aneurysms in Japan.!” The SUAVe study demon-
strated that the average annual rupture rate of
unruptured IAs <5 mm in size was as low as 0.54%
after following 448 IAs in 374 patients for a mean
of 41.0 months, and observed aneurysm growth in
25 patients (6.7%). Although the risk of IA rupture
is well accepted as showing considerable ethnic
differences and Japanese have a 2.8 times higher
risk than Caucasians,” the general consensus among
Japanese neurosurgeons following the publication
of the findings from the SUAVe Study has been to
adopt a wait-and-scan policy for unruptured small
IAs, providing a rationale for randomization and
observation without prophylactic surgery and helping
to overcome the ethical concerns of our trial. Among
several kinds of statins, the efficacy of atorvastatin
was assessed in this study, partly because basic
experimental studies have demonstrated that different
statins showed comparable beneficial efficacy and
supported the notion that preventive effects against
IAs could be effected through the anti-inflammatory
class effects of statins on the NF-kB pathway.'®
Another important basis was the fact that atorvas-
tatin was the only statin that had been used in
clinical studies for patients with average or lower-
than-average cholesterol concentrations and for
which safety had been demonstrated at the start of
our study.?¥

Compared with the results of the SUAVe study,'”
the finding that the growth rate was higher and the
rupture rate was zero in the present trial is striking
(Table 3). Regarding the rupture rate of small IAs,
none of the 247 IAs in the SUAVe-PEGASUS trial
ruptured, while 7 of 448 (1.9%) IAs developed to
SAH in the SUAVe study. This discrepancy could
be attributed to the effect of tighter control of life-
style modifications against SAH with a standardized
protocol of MRI follow-up among participants in
this trial, which sustained the reasonability of wait
and scan policy for incidentally diagnosed small
IAs.?» The distribution of IA locations might be
another cause of differences in the rupture rate of
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Table 3 Comparison between SUAVe study and
SUAVe-PEGASUS trial

SUAVe-
SUAVe  PEGASUS
y trial
Main Target 448 247
results aneurysms, n
Mean follow-up 42.5 32.4
period, months
Aneurysm 6.7 18.2
growth, %
Aneurysm 1.9 0
rupture, %
Risk Female sex, % 63.6 63.3
factors Age, year 61.9+£10.3 60.8+8.7
Patients with 33.2 47.4
multiple
aneurysms, %
Previous SAH, 9.6 7.6
%
Family history 8.3 8.6
of SAH, %
Hypertension, 24.9 40
%
Aneurysm MCA, % 35.3 42.3
location 44 o, 38.6 35.1
Acom, % 13.4 8.9
ACA, % 2.7 8.1
BA, % 7.4 5.2
Others, % 2.7 0.4

ACA: anterior carotid artery, Acom: anterior communicating
artery, BA: basilar artery, ICA: internal carotid artery,

MCA: middle cerebral artery, SAH: subarachnoid hemor-
rhage, SUAVe: small unruptured intracranial aneurysm
verification.

small IAs. The rupture risk of unruptured IA is
widely accepted as depending on the location, with
IAs of the anterior communicating artery carrying
a higher risk of SAH than those of the middle
cerebral artery.” The proportions of IAs in the
middle cerebral artery and anterior communicating
artery were 42.3% and 8.9% in our trial, compared
to 35.3% and 13.4% in the SUAVe study. With
respect to IA growth, 45 of 247 (18.2%) IAs including
both the statin group and control group enlarged
to reach the primary endpoint during the mean
follow-up period of 32.4 months in this study, while
30 of 448 (6.7%) IAs increased in size during the
mean follow-up period of 42.5 months in the SUAVe
study. Important possible contributors to this discrep-
ancy in IA growth include differences in the

definition of enlargement and MRI diagnostic accu-
racy. The criterion for IA enlargement was as small
as 0.5 mm with a meticulous MRI diagnostic proce-
dure as described in this trial, while the definition
for IA growth was not described in detail in the
SUAVe study. Other possible causes include differ-
ences in basic patient characteristics related to risk
factors for IA.?® The proportion of patients with
multiple IAs was 47.4% in the present trial and
33.2% in the SUAVe study while hypertensive
patients comprised 40% and 24.9%), respectively.

With respect to the safety of administering low-dose
statin to non-hyperlipidemic patients with unrup-
tured IAs, 6 of 115 patients (5.2%) in the statin
group developed statin-related side effects, none of
which were serious, such as asymptomatic elevations
in liver enzyme levels. While a lower LDL is one
of the accepted risk factors for intracerebral hemor-
rhage,?”?® studies related to the association between
lipid-lowering treatment with statins and hemorrhagic
stroke are limited and the results remain somewhat
controversial. The SPARCL trial demonstrated that
high-dose atorvastatin after stroke or transient isch-
emic attack was preventive for the overall incidence
of stroke and cardiovascular events, but carried a
higher risk of hemorrhagic stroke.'¥ On the other
hand, the J-STARS study assessed the benefits of
statin for recurrent stroke in Japanese patients and
found no significant association between low-dose
pravastatin intake and risk of hemorrhagic stroke.?”
In addition to reducing cholesterol levels, statins
might have antagonistic activity for platelet aggre-
gation and other anti-thrombotic functions that may
potentially result in a higher risk of hemorrhagic
stroke.?**V Careful, long-term studies are thus still
necessary, although the results of our study with
its limited survey period still supported the safety
of low-dose statin regarding hemorrhage risk. Another
potential side effect of statins under discussion is
the development of diabetes mellitus. Sattar et al.
conducted a meta-analysis of 13 statin trials including
more than 1000 patients and demonstrated statin
therapy as associated with a 9% increased risk of
incident diabetes, with this deleterious effect tending
to increase with age.’” In the present study, HbA1C
level was significantly increased at 6 months after
starting administration in the statin group, although
not severely enough to require further treatment.
Diabetes should therefore be kept in mind as an
adverse effect of statins, especially when considering
long-term use in elderly patients.

Limitations
This trial showed several limitations. In the first
place, sample size estimation in the protocol for this
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trial might have lacked validity because neither
clinical case—control nor observational studies assessing
the beneficial effects of statin for IA had been
published as of the start of the trial, and our calcu-
lation was thus based on basic experimental and
observational studies regarding the natural course of
small IAs in Japan. In addition, the study population
was much smaller than initially scheduled because
patient recruitment was prematurely terminated due
to unexpectedly slow enrollment. The results of this
trial must thus be considered inconclusive. Second,
this trial might have had problems inherent to the
open-label trial design, although the composite
primary endpoints consisted of the objective items
of IA rupture and morphological changes evaluated
on MRI. Patients in the control group might have
more intensely adopted abstemious lifestyles against
IA growth or rupture. Third, the result that the
number of patients who reached the primary endpoint
was smaller than expected in this trial clearly demon-
strated the need for a larger sample size or longer
study period in a similar clinical study. Establishment
of much more sensitive biomarkers than morpholog-
ical ones for high-risk IAs will thus be essential in
future clinical studies of medical treatments for small
IAs. Fourth, while this trial targeted only small IAs
to avoid ethical issues deriving from follow-up
without prophylactic surgical treatment of patients
with large IAs, it might not be appropriate to subject
small unruptured IAs to studies assessing the bene-
ficial effects of medical treatment. Several clinical
studies comparing IA walls of various sizes by
intraoperative observation or histological examination
have shown that small and large IAs tend to display
different pathophysiologies.?**% As discussed in the
SUAVe study,!” the discrepancy between the very
low risk of rupture during the follow-up of unrup-
tured small IAs and the considerable number of
small ruptured IAs in clinical practice could be
explained by most ruptured small IAs showing
rupture shortly after formation, reducing the window
for detection as unruptured IA. Therefore, to see the
effects of non-surgical treatment for prevention of
rupture or enlargement in already formed IAs, patients
with large IAs who do not wish to undergo prophy-
lactic surgery would represent better candidates for
these types of clinical study.

Conclusion

The present study is the first clinical and randomized
trial to assess the beneficial effects of atorvastatin
for unruptured small IAs. Significant benefit as tested
by the composite primary endpoint of rupture,
enlargement, or new bleb formation was unable to
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be established because of inadequate statistical power,
making this trial inconclusive. Future studies that
are larger scale or that adopt more sophisticated
surrogate makers for rupture risk are essential.
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