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Figure 4, Short-term eflects of pulse treatment with ARB or CCB on vascular MMP-13, MMP-2, and MMP-9 activities at age 18 weeks
in SHRs. A, Representative in situ zymograms of (A through D) total type | collagenolytic activity; (E through H) type | collagenolytic
activity in the presence of MMP-13 inhibitor; (1 through L) total type IV collagenolytic activity; (M through P) type IV collagenolytic activ-
ity in the presence of MMP-2 inhibitor; and (Q through T) type IV collagenolytic activity in the presence of MMP-8 inhibitor. B through
D, Quantification of (B) MMP-13, (C) MMP-2, and (D) MMP-9 activities in medial layers of renal arterioles. Abbreviations of groups as in
Figure 2. "P<0.05 vs WKY rats; 1P<0.05 vs SHR+CCB.

pulse treatment with different doses of ARB (1 to 50 mg One caveat of this study concerns the limitations of the

per day) on regression of glomerular hypertrophy and scle indirect measurement of blood pressure, As in our previous
rosis and have found that the maximal effect on the regression studies, we performed the blood pressure measurements of
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stress-free condiions. Under these conditions, we found a
clear-cut reduction of blood pressure (=30 to 40 mm Hg) in
the ACEI- and ARB-treated groups every 2 weeks. consis-
tently over several months, compared with the control,
CCB-treated, and vasodilator-treated groups. However, it
should be recognized that the indirect method is less accurate
than direct measurement using an indwelling catheter, and
absolute values of blood pressure may not be wholly reli-
able."* Moreover, unlike the telemetry method, the measure-
ments were made at a single point and were not made
continuously over multiple days: thus, small differences in
blood pressure between the different groups at age 18 weeks
cannot be accurately assessed. Because of the limited preci-
sion of the tail-cuff method, we cannot conclude whether the
effects of ARB at age 18 weeks are entirely independent of
blood pressure.

An important finding was thar weatment with a high dose
of ARB alone was sufficient to cause a remarkable reversal of
renal arteriolar hypertrophy in the course of just 2 weeks. The
media:lumen ratios of the small renal arterioles in the ARB
pulse-treated rats were decreased almost to the levels found in
the normotensive WKY rat, whereas the CCB did not have a
significant effect. Several lines of evidence suggest that
hypertrophy of the small arterioles in the kidney plays a
major role in the pathogenesis of hypertension in the
SHR.'" 1.4 Therefore, the observed reversal of renal arterio-
lar hypertrophy is compatible with the regression of hyper-
tension seen in the ARB-treated groups.

Because we found marked changes in the kidney after just
2 weeks of pulse treatment, we performed a comprehensive
survey (microarray analysis) of the differences in gene
expression in the kidney of ARB-treated and CCB-treated
ruts, Interestingly, the microarray analysis did not reveal a
major change in components of the RAS, except for an
increase in renin mRNA. which could be expected as a
feedback response to RAS inhibition. In contrast, expression
of several extrucellular matrix-related proteins, in particular,
MMPs and TIMPs, was differently affected by the 2 treat-
ments, and these results were confirmed by RT-PCR analysis.
We focused on these findings, because changes in the
expression of these genes could be involved in the remodel-
ing of the renal arterioles. To clanfy the changes in the renal
arterioles, we assayed tissue MMP activity using a recently
developed high-resolution, high-sensitivity in situ zymogra-
phy technique.'? Using this method, we found that the ARB
treatrnent had different effects on the vascular MMP system
thun the CCB treatment and caused an increase in vascular
MMP-13 activity and a decrease in MMP-9 activity, which
could explain the different effects on regression of renal
arteriolar hypertrophy. These findings were confirmed immu-
nohistologically, by immunofluorescence staining of these
MMPs.

It 1s well established that the MMPs. in particular, mem-
bers of the collagenase and gelatinase families, play an
important role in tissue remodeling by cleaving many struc-
tural proteins of the extracellular matrix.'” MMP-13 is the
predominant collagenase in rodents that lack the gene for
MMP-1 and is involved in the collagenolysis of types [, 11,
and I collagens.'* MMP-13 is known to be expressed in

cultured vascular smooth muscle cells'” and has been impli-
cated in remodeling of the uterine artery during pregnancy,'®
in angiogenesis,'” and in aneurysm formation.!” These reports
are consistent with the notion that upregulation of vascular
MMP-13 activity by high-dose ARB in this model will result
in collagenolysis of vascular collagens, favoring regression of
renal arteriolar hypertrophy. It has been reported that MMP-9
(gelatinase B) is also expressed in cultured vascular smooth
muscle cells, where it is involved in cell migration® and is
upregulated by angiotensin 112! Therefore, the inhibition of
MMP-9 by ARB could cause inhibition of compensatory
smooth muscle cell migration, further contributing to the
vascular changes.

The results of this study extend the work of Smallegange et
al” using ACEI and a low-salt diet. In their studies, they found
that cross-transplantation of kidneys from rats treated tran-
siently with ACEI and a low-salt diet to hypenensive rats
caused a transfer of the sustained reduction of blood pressure.
whereas the untreated Kidneys caused an increase in blood
pressure. Moreover, the ACEI and low-salt treatment caused
a significant decrease in renal vascular resistance. We spec-
ulate that the marked regression of renal small arteriolar
hypertrophy (“renal microvascular remodeling”) reported in
this study is intimately involved in the mechanism of hyper-
tension regression found in these models.

Perspectives

Because the animal studies on the prevention of hypertension
development were successfully confirmed clinically by the
Trial of Preventing Hypertension,* we have now designed a
multicenter prospective clinical study (Short Treatment With
Angiotensin Receptor Candesartan Surveyed by Telemedi-
cine Study) to examine the feasibility of regression of
established hypertension (ie, reversal from stage 1 to prehy-
pertension) using transient ARB treatment in patients with
essential hypertension.®? The results of this study lead vs to
speculate that the development of methods to cause regres-
sion (or cure) of hypertension, and the study of the mecha-
nisms of regression, may become one of the central themes in
hypertension research this century.
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Group Number 1 2 J 4
Treatment WKY SHR SHR+ARB  SHR+CCB
Renal arterioles (30-100 um) 29.6+3.8 67.8+4.4* 36.5+4.21 62.3+2.8*
Renal arterioles (100-300 um) 20.3+1.7 39.0+2.3 37.6+5.7 41.2+5.6
Mesenteric arterioles (30-100 um) 19.0+3.3 21.2+2.1 16.2+2.0 17.2+1.1
Mesenteric arterioles (100-300 um) 22.3+3.4 22.0+3.0 20.6+5.8 18.1+2.3
Cardiac arterioles (30-100 um) 17.5+3.4 24.9+2.1 20.1+1.9 25.1+2.0
Cardiac arterioles (100-300 um) 16.9+1.1 22.443.0 21.3.4+1.6 25.4+1.0
Cerebral arterioles (30-100 um) 16.5+2.1 21.1+3.1 18.043.0 18.7+1.4
Cerebral arterioles (100-300 um) 16.1+1.9 19.9+3.0 214430 204+1.0

*:p<0.0] vs WKY ; t p<0.01 vs SHR

Online Supplement Table S1. Values of media/lumen ratios (x 100) of arterioles in the kidney, mesentery, heart,
and brain in the different groups at age 18 weeks in Experiment 2. Results shown are means + SEM. WKY:
untreated WKY, SHR: untreated SHR, SHR+ARB: SHR treated with *pulse’ candesartan, SHR+CCB: SHR

treated with “pulse’ nifedipine.
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Abstract

Introduction We attempled to determine the most appropri-
ate combination of magnetic resonance (MR) images that
can accurately detect and discriminate between asymptom-
atic infarction and deep white matter hyperintensity
(DWMH), these lesions have different clinical implications
and are occasionally confused.
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Materials and methods We performed an observer perfor-
mance analysis using cerebral MR images of 45 individuals
with or without asymptomatic small white matier infarction
and/or mild DWMH who participated in a physical checkup
program at four institutions, Six observers interpreted
whether infarction and/'or DWMH existed in combinations
of two or three image types of the Tl-weighted images
(T1WI), T2-weighted images (T2WI), and fluid-attenuated
inversion recovery (FLAIR) images. The observers’ perfor-
mance was evaluated with a receiver operating characteristic
(ROC) analysis.

Results The averaged area under the ROC curve (Az) for
detecting a infarction was significantly larger in the
combination of all the three image types (0.95) than that in
any combinations of the two image types (T1 Wl and FLAIR
images, 0.87; T2ZWI and FLAIR images, 0.85; TIWI and
T2WI, 0.86). The Az for detecting DWMH was significantly
smaller in the combination of TIWI and T2WI (0.79) than
that in other image combinations (T1WI and FLAIR, 0.89;
T2WI and FLAIR, 0.91; TIWI, T2WI, and FLAIR, 0.90),
Conclusion The combination of TIWI, T2WI, and FLAIR
images is required to accurately detect both small white
matter infarction and mild DWMH.

Keywords Asymptomatic cerebral infarction

Deep white matter hyperintensity - Magnetic resonance
imaging - Receiver operating charactenistic analysis
Introduction

Asymplomatic cerebral infarction and white matter hyper-
intensity are usually detected by magnetic resonance
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imaging (MRI) in elderly individuals, particularly in those
with hypertension. Silent lacunar infarction and marked
white matter hyperintensity are known risk factors for the
future occurrence of symptomatic/asymptomatic stroke and
are associated with cognitive decline [1-3]. The MRI
findings of lacunar infarction—a punctate/patchy configu-
ration—are similar to those of mild deep white matter
hyperintensity (DWMH) and dilated perivascular space
(PVS) that are not considered to have substantial clinical
significance [1, 4, 5]. Differentiating between small white
matter infarction, mainly lacunar infarction, and mild
DWMH is sometimes difficult because of the resemblance
between them with regard to location, shape, and size;
hence, interpretation of the signal charactenistics of these
lesions appears (o be substantially crucial for the differen-
tiation. One of the reasons for the confusion between these
two types of lesions may be interinstitutional differences in
the combination of the image types used for the interpre-
tation of these lesions. The optimal combination of image
types for the detection and differentiation of these lesions
has not been determined. In this study, by using an observer
performance analysis, we attempted to determine the most
appropriate combination of Tl-weighted images (T1WI),
T2-weighted images (T2WI), and fluid-attenuated inversion
recovery (FLAIR) images that would enable accurate
evaluation and differentiation between small white matter
infarction and DWMH.

Materials and methods

For the evaluation of observer performance conceming
detection of the small infarction and mild DWMH, we
recruited 45 healthy individuals without a history of stroke
or any other neurological disorders who voluntarily
underwent a physical checkup at four institutes at their
own ecxpense [27 men and I8 women; age, 49-80 years
(mean, 64.4)]. The subjects included 40 individuals with
unilateral or bilateral small white matter infarction, proba-
bly lacunar infarction, and/or DWMH of Fazekas grade |
(punctuate foci) [6] as observed in MRI (24 men and 16
women; age, 49-80 years (mean, 65.2)] and five individuals
without any lesions [three men and two women; age, 57—
70 years (mean, 61.0)]. Axial spin-echo (SE) TIWI, fast SE
(FSE) T2WI, and FLAIR images were obtained using 1.5-T
superconductive MRI units [Signa MRA (GE Healtheare,
Milwaukee, WI, USA) was used at two institutes, Signa
Excite (GE Healthcare) at one institute, and Magnetom
Avanto (Siemens, Erlangen) at one institute]. The scanning
parameters were as follows: 450-550/8=12 ms (repetition
time/echo time) for TIWI; 2,800-4,200/88-104 ms (repe-
tition tume/effective echo time) for T2WI: 8.000= 10,000
2,000-2,500/105-120 ms (repetition time/inversion lime/

-ﬁ Springer

effective echo time) for FLAIR; matrix size of 256192
—320%224; fields of view, 210~220 mm; and slice thickness,
5—6 mm with 1-1.5 mm interslice gaps: and 19-20 slices.

The images were collected as anonymized data of the
Digital Imaging and Communication in Medicine (DICOM)
format after receiving approval from the institutional review
board by which the requirement for informed consent was
waived. The image sections used for interpreting and
confirming the presence or absence of infarction or
DWMH were decided by a consensus of four senior neu-
roradiologists (T.H., T.T., S.H., M.L) according to the draft
criteria provided by the Committee for Development
and Validation of Clinical Guidelines of the Japanesc
Society for Detection of Asymptomatic Brain Diseases that
were developed for revising previous guidelines in an
evidenced-based manner including a systematic critical
reviewing of the previous reporis (Table 1, Fig. 1), and
they were blinded with regard to information concerning
the subjects and institutes, We excluded five hemispheres
because interpretation according to the criteria did not
determine whether the lesion was an mfarction or DWMH
due to overlaps in signal characteristics, and 85 hemi-
spheres (only infarction was present in ten hemispheres,
only DWMH in 36, both infarction and DWMH in 14, and
both lesions were not detected in 23) were evaluated for the
analysis,

After consultation regarding the MRI findings of lacunar
infarction or DWMH according to the criteria, six observers
(two neuroradiologists, two neurologists, and two neuro-
surgeons) evaluated the confidence levels of the presence of
the infarction and/or DWMH on the images. The experi-
ments were performed four times with 1-month intervals, In
each experiment, the following combination of images was
used: (a) TIWI and FLAIR, (b) T2WI and FLAIR, (c)
TIWI and T2WI, and (d) TIWL T2ZWI, and FLAIR: the
experiments were performed in different randomized orders
and under anonymized conditions. The observers used the
continuous confidence grading scale of a line-marking
method to rate their confidence levels.

The likelihoods of infarction and DWMH were exam-
ined using a receiver operating characteristic (ROC)
analysis performed with a LABROC software package,
according to Metz et al. [7]. To evaluate the observers’
performance with regard to the detection of infarction or
DWMH, an area under the ROC curve (Az) of the six raters
was compared between the four types of image combina-
tions using repeated measures analysis of wvariance
(ANOVA) with a post hoc least sigmficant difference
(LSD) test. Interrater agreements were evaluated with an
mtraclass correlation coefficient (1CC), and differences
ICC hetween the image combinations were examined using
a repeated measures ANOVA with a post hoc LSD test. The
alpha level used was 0.05.
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Table 1 Differentiation between lacunar infarction, perivascular space, and while matter hyperintensity on MRI according (o the draft ¢linical
guidelines by the Japanese Society for Detection of Asymptomatic Brain Discase

Lacunar infarction Perivascular space White matier hyperiniensity

TIWI Low Iso—low Iso—faintly low"

T2WI High High Moderately high

PDWI High wiwo low at the center Iso—low Moderately high

FLAIR Iso—high w/wo low at the center Iso—low High

Size >3 mm <3 mm" Varied

Location Cerebral white matter, basal ganglia Cercbral white matter, basal ganglia Cerebral white matter,
(mainly in the upper two third), (mainly in the lower one third), pontine-base

thalamus, pons subinsular region, hippocampus, midhram

FLAIR Muid-anenuated inversion recovery, POW/! proton-density-weighted image, T/WI Tl-weighted image, T2W/ T2-weighted image, w/iwo
with ar without

"The same as or higher than that for gray matter

"Can be greater than 10 mm in the lower one third of the basal ganglia

Results

The Az values of the six observers for detecting infarction in
the combinations a, b, ¢. and d were 0.74-0.98 {(mean, 0.87),
0.80-0.93 {mean, 0.85), 0.74-0.99 (mean, 0.86), and 0,89~
1.00 (mean, 0.95), respectively; the averaged Az value in

Fig. 1 Cerchral magnetic resonance images of the small white matter
infarction and mild deep white maiter hypermtensity (DWMH). a-—¢
Fifty-nine-year-old man; d-f 63-year-old woman, a, d T2-weighted
images (T2WI); b, e fluid-attenuated inversion recovery (FLAIR)
images; and ¢, f T1.weighted images (TIWI1). Infarctions show marked

combination d was significantly larger than that obtained in
the other image combinations (F<0.05, repeated measures
ANOVA; Fig. 2). On the other hand, the Az values for the
detection of DWMH in the combinations a, b, ¢, and d were
0.78-0.97 (mean, 0.89), 0.82-0,96 (mean, 0.91), 0.68-0.88
{mean, 0.79), and 0.72-097 (mean, 0.90), respectively;

hypenntensity on T2WI, hyperintensity with or without central
hypointensity on FLAIR images, and hypointensity on TIWI {arrows),
whereas DWMHs show moderate hyperintensity on T2WI, hyper-
intensity on FLAIR images, and isomtensity on TIWI (armowheads)

@ Springer
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Fig. 2 Receiver operating charactenistic (ROC) analysis of the visual
assessment of the infarction and deep white matter hypenntensity
(DWMH) in the elderly. a ROC curves for detecting infarction; b
ROC curves for detecting DWMH. The Az value for detecting
infarction in cc m “d” of Tl-weighted images (TIWI), T2-

furthermore, the averaged Az value in combination ¢ was
significantly lower than those obtained in the other

combinations (P<0.01, repeated measures ANOVA; Fig, 2),

With regard to interrater agreement, the ICCs for the
infarcts for combinations a, b. ¢, and d between two of the six
raters were 0.49£0.21, 0.58+0.12, 0.58£0.12, and 0.54+
0.19 in the combinations of a. b, ¢, and d, respectively; there
was no statistically significant difference between these
values. The ICC values for DWMH were 0.52+0.16, 0.52+
0.19, 0.24+0.16, and 0.58+0.22 for the combinations a, b, c,
and d, respectively; and the ICC of combination ¢ was
significantly lower than those of other combinations (P<0.01,
repeated measures ANOVA).

Discussion

Detection of asymptomatic infarction and marked white
matter hyperintensity is one of the aims of performing
cerebral MRI in elderly individuals because these lesions
are considered to be risk factors for future stroke events.
However, differentiation between lacunar infarction in the
white matter and mild DWMH, which are substantially
similar in their location, shape, and size, is sometimes
difficult and may lead to misinterpretation and even
unnecessary preventive medication. In this study, we
successfully carmied out observer-performance examinations
for detecting and discriminating between small white matter
infarction indicating lacunar infarction and mild DWMH by
using MR images of subjects who underwent a physical
checkup of the brain. We demonstrated that combination d.
re, TIWL T2WIL and FLAIR images, significantly
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weighted images (T2WI), and fluid-attenuated inversion recovery
(FLAIR) images is significantly larger than that obtained in the other
image combinabions, while that for the DWMH in combination “¢” of
TIWI and T2WI was significantly lower than those in other
combinations. *£<0.05, **P<0.01

improved the accuracy of identifying infarction as com-
pared with other image combinations, We also demonstrated
that image combinations that involved FLAIR images
resulted in substantial improvement in the detection of
DWMH and in the interrater agreement. These results
suggested that signal characteristics in all the three types of
images are crucial to accurate detection and discrimination
between these two lesions. To the best of our knowledge,
this is the first report that elucidates the imponance of using
an appropriate MRI suite for evaluating and differentiating
between silent infarction and white matter hyperintensity.

Silent lacunar infarction is found in one fourth of healthy
clderly individuals and has an incidence of approximately
20% every 5 years [8-10]; it increases the risk of stroke by
two- to fourfold and is a well-known risk factor for future
symptomatic stroke [1, 2]. On the other hand, DWMH is
commonly observed in over 90% of the elderly population
with an incidence of approximately 30% every 5 years [11,
12]. Severe DWMH has been reported 1o increase the risk
of stroke by 3.5-fold as compared with mild DWMH that is
considered to be merely an age-related change [2]. Hence, it
is necessary to differentiate between silent lacunar infarc-
tion and mild DWMH when interpreting the cerebral MRI
of the elderly; both lesions show similar findings but are
different in clinical importance. Based on the results of this
study, appropriate interpretation using three types of images
can improve the accuracy of the differentiation and may
help in predicting future symptomatic infarction.

To assist the differentiation between infarction and
DWMH, we used the draft criteria developed by the
Japanese Society for Detection of Asymptomatic Brain
Diseases. As described in the criteria and previous studies
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[5, 13-17], lacunar infarction usually shows marked hyper-
intensity on T2WI, varied signal—from isointensity to
hyperintensity with or without central hypointensity—on
FLAIR images, and hypointensity on TIWI due to T1 and
I'2 prolongations,. DWMH shows moderate hyperintensity
on T2WI, marked hyperintensity on FLAIR images, and
isointensity or faint hypointensity on TIWI due to
preferential moderate T2 prolongation. These findings that
are charactenstic of DWMH can be explained by the
principal pathological change, i.e., myelin pallor (rarefac-
tion of the myelin sheath without substantially increased
intercellular space), although dilated PVS, vascular ectasia,
arteriosclerosis, and occasionally, microscopic infarction
and ghosis can coexist with the myelin pallor in DWMH
[13-15]. The abovementioned differences in the signal
characteristics of the three types of images between
infarction and DWMH would be helpful for differentiating
between these lesions in the elderly, which has been
successfully validated in this study. However, relatively
low intermater agreement in this study suggests that the
differentiation using the criteria is unreliable in some cases,
presumably because MR findings of these lesions can
sometimes overlap, Further investigation is needed 1o
overcome this issue.

One of limitations of this study is that, because 1t was
retrospective, the imaging protocols were not standardized.
The signal intensity of infarction and DWMH depends on
scanning parameters, such as repetition time, echo time, and
inversion time, particularly for the FLAIR images. Param-
eters such as in-plane spatial resolution, section thickness,
and scanning plane can also affect the detectability of the
lesions. A prospective study using standardized imaging
protocols is required to diminish the biases related to the
scanning parameters. Another limitation is that we did nol
evaluate proton-density-weighted 1mages (PDWI), which
had been adopted in previous cohort studies conceming
lacunar infarction and white matter hyperintensity in the
elderly [1. 2]. FLAIR images are usually used as an
alternative to PDWI because lesions usually appear hyper-
intense, while the cerebrospinal fluid (CSF) appears
hypointense in both images. However, it has been reported
that these two types of images are different with regard to
contrast and lesion conspicuity [18]. It remains unclear
whether the diagnostic performance of the combination of
TIWI, T2ZWI, and PDW1 15 better than that of TIWI, T2WI,
and FLAIR images. Other limitations include the existence
of patient selection bias due to the retrospective recruitment
of volunteers from those who underwent physical checkup.

In conclusion, we determined that three types of images-
TIWI, T2WI, and FLAIR—are required for accurately
detecting both small white matter infarction and mild
DWMH; these lesions have different clinical implications
and are oceasionally confused.
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Abstract The cerebrovascular complications of Taka-
yasu arteritis are primarily related to the presence of
occlusive lesions. Cerebral aneurysms rarely occur as
complications; only 18 cases have been reported thus far,
The use of coil embolization to treat cerebral aneurysms
occurning as a complication of Takayasu arteritis has
not been previously reported. We report a case of
Takayasu arteritis with a basilar tip aneurysm and a Pl
segment aneurysm of the left posterior cerebral artery
that were successfully treated with coil embolization.
Because coil embolization for cerebral ancurysms associ-
ated with Takayasu arteritis requires the use of limited
access routes that have extremely curved and tortuous
courses, catheter navigation was difficult. The guide
catheter, microcatheter, and guidewire must be selected
and navigated with greater care than is usually required
for common aneurysm embolization

Key words Takayasu arteritis * Takayasu's disease -
Aortitis syndrome - Cerebral aneurysm - Endovascular
treatment
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Introduction

Takayasu arteritis is a systemic vasculitis of unknown
etiology that mainly affects the aorta, its major branches,
and the pulmonary artery. Stenosis or occlusion of the
major branches of the aorta causes various clinical mani-
festations, mostly involving symptoms of cerebrovascu-
lar insufficiency.’ Intracranial cerebral ancurysms are
rarely associated with Takayasu arteritis, with only 18
cases having been previously reported.' ' Endovascular
treatment for intracranmal cerebral ancurysms associated
with Takayasu arteritis has never been previously
reported. We report the successful endovascular treat-
ment of a patient with multiple intracranial cerebral
aneurysms associated with Takayasu arteritis.

Case report

A T0-year-old woman presented with headache. Ten
years earlier, she was diagnosed as having Takayasu
arteritis, hypertension, atrial fibrillation, and aortic valve
insufficiency. Screening magnetic resonance (MR) angi-
ography for headache revealed an occlusion of the right
internal carotid artery and aneurysms located on the tip
of the basilar artery and the left posterior cerebral artery
(Fig. 1). The patient was admitted for further evaluation.
On admission, the neurological examination was normal.
Laboratory data did not reveal any defimitive abnormal-
ity, including C-reactive protein, indicating that there
was no active inflammation.

Cerebral angiography on admission showed the fol-
lowing: The aortogram demonstrated occlusion of the
origin of the right common carotid artery, severe steno-
sis of the left common carotid artery, and occlusion
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Fig. 1. Cranial magnetic resonance angiography (MRA), frontal
view, shows that the right internal carotid artery is not visualized
Note a saccular, small, narrow-necked aneurysm on the Pl segment
of the left posterior cerebral artery (arrowhead) and a wide-necked
aneurysm on the basilar up (arrow)

immediately before the carotid bifurcation (Fig. 2A). On
left subclavian angiography, occlusion of the distal
portion of the left vertebral artery was observed, and the
occipital artery was visualized through the collateral cir-
culation from the vertebral artery and the deep cervical
artery. The external carotid artery is visualized by retro-
grade flow from the occipital artery. The left internal
carotid artery was opacified anterogradely from the
external carotid artery (Fig. 2D). On right vertebral
angiography, part of the left middle cerebral artery, the
right middle cerebral artery, and the bilateral anterior
cerebral arteries were visualized via the basilar and pos-
terior communicating arteries; saccular aneurysms with
diameters of 3 and 4mm, respectively, were observed in
the Pl segment of the left posterior cerebral artery and
the basil
bral artery supplies blood flow to almost the entire brain

ar tip, respectively (Fig. 2B, C). The right verte-

The overall schema 1s shown in Fig. 3.

We explained to the merit and the demerit of each
endovascular and surgical approach considering the
aneurysmal location, shape, and tortuosity of the access
route to the patient with a neurosurgeon, and the patient
chose to have endovascular treatment

T'hree days prior to the procedure, aspirin (100 mg/
day) and cilostazole (200 mg/day) were prescribed. Under
general anesthesia, both aneurysms were treated with
coll embolization. Heparin was given intravenously

as 3000- and 1000-1U boluses every hour to achieve a

periprocedural activated clotting time of >250s. A 4F
catheter (Cathex; Cathex, Sagamihara, Japan) was
advanced into a 6F catheter (Envoy, Cordis; Neurovas-
cular, Miami Lakes, FL, USA) coaxially with a 0.035-
inch Lubflow guide wire (Toray Medical, Tokyo, Japan)
in the right vertebral artery via the right femoral
approach. However, a 6F catheter could not be selec-
tively introduced into the right vertebral artery because
the right subclavian artery and the origin of the right
vertebral artery were extremely tortuous (Fig. 4A). Thus,
a 0.035-inch Amplatz guidewire (Cook, Bloomington,
IN, USA) was used. A 6F catheter could not be intro-
duced to the distal portion of the right vertebral artery
(Fig. 4A). First, an Excelsior SL-10 microcatheter
(Boston Scientific, Fremont, CA, USA) was introduced
through a 6F right vertebral artery catheter; then, using
a 0.014-inch guidewire (Transcend; Boston Scientific), a
microcatheter was inserted into the distal aneurysm
located in the left posterior cerebral artery. However,
due to the highly curved vertebral artery and the effects
of duplication of the right vertebral artery, catheter navi-
gation was extremely difficult (Fig. 4B). Three Guglielmi
detachable coils (GDCs) (Boston Scientific; GDC-10
soft 2D SR 3mm * 6em: GDC-10 ultra-soft 2mm x
3em; GDC-10 ultra-soft 2mm % 2cm) were deployed
and detached. The aneurysm was occluded with a mild
neck remnant (Fig. 4C). Although the same microcath-
eter and microguidewire were maneuvered near the
:urysm located at the basilar tip, a microcatheter
could not be placed in the aneurysm. Because the micro-
catheter memonized the shape of the tortuous vessel,
trackability was decreasing. Thus, a 6F catheter was

moved to the right subclavian artery. We changed to a
new 6F catheter (Guider; Boston Scientific) and a new
microcatheter (Excelsior 10/18; Boston Scientific). A
microcatheter was placed in the aneurysm. Three GDCs
(GDC-10 3D SR 4mm * 6cm; GDC-10 ultra-soft 3mm
% 8em; GDC-10 ultra-soft 2mm * 4cm) were deployed
and detached. A minor body filing of the aneurysm was
obtamed (Fig. 4C). The patient’s postoperative course
was uneventful, and she was discharged with no neuro-
logical deficit | week later

Discussion

Cerebrovascular lesions associated with Takayasu arte-
ritis include stenosis and occlusive lesions, Cerebral
aneurysms are rarely associated with Takayasu arteritis,
with only 19 cases (31 aneurysms) including the pre-
(Table 1). In total, 16 aneurysms (51.6%)
rred in the vertebrobasilar arterial system and 15

sent case.
ot
(45 4

0

) in the anterior circulation. Altogether, 9 of 19
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Cc
Fig. 2. Cerebral angiography. A Aortogram, frontal view. The
right common carotid artery is occluded at the origin. The left
common carotid artery is extremely narrow and is occluded imme-
diately pnor to the caroud bifurcation (arraw). B Right vertebral
angiogram, frontal view. The bilateral antenor cerebral arteries,
right middle cerebral artery. and part of the left middle cerebral
artery are visualized via the bilateral posterior communicating
arteries. C Right vertebral angiogram in the right anterior oblique
view demonstrates a saccular narrow-necked ancurysm with a

patients (47.4%) had multiple aneurysms. Cerebral ancu-
rysms naturally arise in the vertebrobasilar arterial
system and the anterior circulation at rates of 9.6% and
90.4%. respectively; and 24.2% of patients develop
multiple aneurysms.”"" Thus, patients with cerebral
ancurysms associated with Takayasu arteritis have a
high rate of multiplicity, and these aneurysms commonly
occur in the vertebrobasilar artenal system.

The incidence of cerebral aneurysm associated with
Takayasu arteritis is unclear; however, autopsy findings
indicate that 1 of 26 (3.8%) patients' and 0 of 77 patients™
with Takayasu arteritis had cerebral aneurysms. Accord-

diameter of 3mm at the P1 segment of the leflt posterior cerebral
artery (arrowhead) and a wide-necked aneurysm with a 4-mm
diameter at the basilar tip (arrow). D Left subclavian angiogram,
lateral view. The distal portion of the left vertebral artery is
occluded (thick arrow). The external carotid artery is visualized by
retrograde flow from the occipital artery (thin arrow) through col-
lateral circulation from the vertebral artery and the deep cervical
artery (arrowhead). The left internal caroud artery 15 opacified and
shows anterograde flow via the left external carotid artery

ing to statistics provided by Japan's Ministry of Health,
Labor, and Welfare in 1992, it was estimated that, in
Japan, approximately 5000 patients have Takayasu arte-
ritis, and 100-200 new cases occur each year; there i1s a
9.4-fold greater incidence among women compared to
men.”' Based on our review of the literature, there were
19 cases of cerebral aneurysms reported in the last
35 years; the incidence of ancurysm among Takayasu
arteritis patients ranged between 0.27% and 0.54%
This range appears to be comparable to the spontancous
incidence of cerebral aneurysm (0.6%-1.5%) generally
reported.” However, given that many aneurysms
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associated with Takayasu arteritis present with sub-
arachnoid hemorrhage.' ™ " the incidence of unruptured
aneurysms, such as those found in the present case, is
thought to be higher.

At autopsy, the absence of inflammatory changes in
the cerebral aneurysms and the surrounding vessels sug-
gests that cerebral aneurysms associated with Takayasu

L. Subclavian artery

Brachiocephalic anery

Fig. 3. Schema of cervical arteries and cerebral arteries. The left
and right common carotid arteries are occluded. Aneurysms are
seen in the basilar tip and the Pl segment of the left posterior
cerebral artery (grrows). P-com, posterior communicating artery;
ICA, internal carotid artery; MCA, middle cerebral artery: ACA,
anterior cerebral artery; BA, basilar artery; VA, vertebral artery;
PICA, posterior inferior cerebellar artery; PCA, posterior cerebral
artery, R., right; L., left; CCA, common carolid artery

Fig. 4. A Right subclavian angiogram, left anterior obligue view.
The guide catheter could be inserted only at the C7 level (arrow)
owing to the steep curvature of the right subclavian artery and the
origin of the vertebral artery. B Right vertebral angiogram, lateral
view, Duplication of the right vertebral artery is shown. The
thicker artery enters the spinal canal at the C1-2 level, creating a

arteritis are not likely to result from vasculitis.” In
Takayasu arteritis, the increased incidence of vertebro-
basilar aneurysms is attributed to the presence of hemo-
dynamic stress, which i1s produced by stenosis and
occlusion of arteries, such as the common carotid and
subclavian arteries. which act on the vertebral artery;
and the vertebral artery is thought to be the least likely
to be affected by Takayasu arteritis.' Our patient had
bilateral carotid artery occlusion; hemodynamic stress
caused by intracranial blood flow that was maintained
via the right vertebral artery was thought to have led to
the formation of ancurysms at the tip of the basilar
artery and the left posterior cerebral artery.

Posterior circulation aneurysms, as in this case, par-
ticularly those located at the tip of the basilar artery, are
associated with less favorable outcomes following surgi-
cal clipping than those located at other sites because
those aneurysms are located deep in the brain, and per-
forating vessels are located in the vicinity.

Batjer et al.” assessed 126 patients with ruptured
ancurysms of the distal basilar artery and reported 11%
morbidity and 8% mortality. In another study of 99 cases
with unruptured basilar tip aneurysms (small, n = 71;
large, n = 28) treated by surgical clipping performed by
highly skilled neurosurgeons, 15.2% of cases had post-
operative onset of neurological symptoms. with 6.1%
morbidity and 0%mortality™ Tateshima et al.* used coil
embolization to treat basilar tip aneurysms; they reported
successful embolization in 94.7% of 75 aneurysms (com-
plete or nearly complete occlusion in 85.3% of ancu-
rysms), with 4.1% morbidity and 1.4% mortality. Henkes
et al.” reported successful embolization in 98% of 316

v
’ _:-’ ?

c n

steep curve; the catheter 15 introduced here (garrow). € Right ver-
tebral angiogram immediately after coil embolization in a right
anterior oblique view demonstrates minor body filling of the
basilar tip aneurysm (arrow) and 2 minor neck remnant ol the
Pl segment aneurysm of the left posterior cerebral artery
{arrowhead)
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Table 1. Summary of reported cases of Takayasu arteritis associated with cercbral ancurysm

Angiographuc findings

CCA VA
Treatment for e o
Report Year Agefsex Syvmptom  Location of aneurysm aneurysm Qutcome Rt. Lt Ru Lt
I. Nutsu" 1972 26/F SAH Lt ICA-PComA None Death Oc. S St ¢
2 lzawa’ 1980  55/F SAH VA unmion None No recurrence Pa. Oc. Oc. Pa
3. Kumagar™ 1981 41/F SAH BA up, R PCA-PComA  Clipping Cure Pa. Oc. Pa Qe
4. Kumagn' 1981 S5/F SAH BA-RL SCA, Lt SCA None Death Oc. Oc. Pa. O
5. Aria" 1981 48/F Incidental AComA, AComA Clipping Cure Pa. Pa. Oc St
6. Ilmaizumi’ 1982  48/F SAH AComA Clipping Cure Oc. Pa. St Pa,
7. Matsuzawa’ 1982 26/F SAH Li. IC-PComA, Lt. ICA  None Death St. Pa. St Oc
8. Matsuzawa’ 1982 S4/F SAH BA tip None Death Oc. Oc. Pa Pa
9. Satoh’ 1983 38/F SAH ACA (A1) Clipping Cure Pa. St Pa. St
10, Matsuzawa' 1984 55/M SAH Ri. VA-PICA None Death Pa. Oc Pa. St
Il Wakabayashi® 1985 S6/F SAH BA tip None Déath Oc. Oc. Pa. Pa
12. Mizuno" 1985 S5/F SAH BA-R1L.PCA None No recurrence Pa. Oc. Pa. St
13, Matsuzawa' 1986 64/F SAH Lt. IC-Oph A, Lt Clipping Cure Oc. Pa. Pa. 5t
ICA-PComA, BA up.
BA-Lt. AICA
14. Kurimoto' 1987 48/F SAH AComA Clipping Cure Pa. Pa. Pa 5t
15. Sunami' 1987 55/F SAH VA umon, RL PCA None no recurrence . Oc. Pa. Oc. Pa
16. Nishimura® 1994 48/F SAH AComA, Ri. MCA, Lt Clipping Cure Pa. Pa. Pa. Pa
IC top
17. Asnoka’ 1998  S4/F Incidental AComA, Lt ICA Clipping Cure St Pa. Pa. Oc
18 Kanda" 2004 48/F SAH Ri. VA-PICA Clipping Cure St St Pa, Oc
19. Present study 2007 70/F Incidental  BA-tip. L1. PCA(P1) Coiling Cure Oc. Oc. Pa, Pa

AComA, anterior communicating artery; PComA, posterior communicating artery; ICA, internal carotid artery; MCA, middle cercbral
artery; ACA, anterior cerebral artery; BA, basilar artery: VA, vertebral artery: PICA, posterior infenor cerebellur artery; AICA. antenior
inferior cerebellar artery; PCA, posterior cerebral artery; SCA, superior cerebellar artery, Oph, ophthalmic artery; SAH, subarachnoid
hemorrhage; Oc,, occlusion; Pa. patent; St., stenosis: Rt,, right; Lt left; CCA, common carotid artery

aneurysms (complete or nearly complete occlusion in
86.0% of aneurysms), with 5.4% morbidity and 2.2%
mortality. Given these favorable outcomes of the initial
treatment of basilar tip artery aneurysms, coil emboliza-
tion is seen as a new treatment method that may replace
surgical clipping. Although long-term stability following
coil embolization has not yet been determined, follow-up
(mean 18.6 months) angiograms after coil embolization
for basilar tip ancurysms showed complete or nearly
complete occlusion in 71.4% of aneurysms. In particular,
the complete occlusion rate was 92% in small aneurysms
(<1 em), which indicates favorable long-term stability.™

In the present case, because of occlusion of the left
vertebral artery, coil embolization had to be performed
using the right vertebral artery as the access route;
however, the right veriebral artery was extremely curved
and tortuous at both the origin and the distal portion.
Given that the guide catheter could only be placed proxi-
mal to the vertebral artery, as well as the much-curved
course of the vertebral artery, at first we treated the
distal aneurysm to avoid interference with microcatheter
manipulation by the primary embolized aneurysm. We
tried to approach the second ancurysm with the same
microcatheter. but it was difficult to insert it into the

ancurysm. Because the catheter and wire had memonzed
the shape of the tortuous vessel, they could not be used
for insertion into the second aneurysm. We then intro-
duced the microcatheter into the second aneurysm using
new equipment.

Because coil embolization for cerebral aneurysms
associated with Takayasu arteritis requires the use of
limited access routes that have highly curved and tortu-
ous courses. the guide catheter, microcatheter, and
guidewire must be selected and navigated with greater
care than is usually required for common aneurysm
embolization.
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Background Dual antiplatelet therapy with acetylsalicylic acid (ASA) and a P2Y12 ADP-receptor blocker is
standard for prevention of coronary stent thrombosis. Clopidogrel, a 20¢-generation P2Y 12 blocker, has recently
become available in Japan and this study aimed to evaluate its antiplateler effects in Japanese patients.

Methods and Results  Thirty Japanese patients scheduled for elective coronary stent implantation were enrolled.
Under low-dose ASA therapy, 300 mg clopidogrel was loaded on the 1* day and a daily 75-mg dose was adminis-
tered on the following days. Assessed by optical aggregometer, rapid inhibition occurred at 4h, when the inhibition
of platelet aggregation rate (IPA) was 16.4+12.8% using 5pmol/L. ADP as the sumulus. The antiplatelet efficacy
of clopidogrel was reasonably constant in each patient throughout the study period, although there was a broad
inter-individual variation. At 48 h after clopidogrel loading, the ratios of responders (IPA 230%), hypo-responders

(10%<1PA<30%), and non-responders (IPA <10%) were 36%, 50%, and 14%, respectively.
Conclusions  The antiplatelet effectiveness of clopidogrel appeared individual-specific with wide inter-individual
variation. The rate of clopidogrel non-responders was 14% among the examined Japanese patients.  (Cire J 2009;

73: 336-342)

Key Words: Adenosine diphosphate; Antiplatelet drug; Clopidogrel; Coronary stent; Thienopiridine

nary stent implantation is performed worldwide for
ischemic heart disease. In Japan, 153,501 patients
underwent this therapy in 2006, as described in the surveil-
lance report from the Japan Circulation Society. One of the
most serious problems is acute and late thrombosis at the
site of stenting and much effort had been made to avoid this
critical complication. The current standard dual antiplatelet
therapy with acetylsalicylic acid (ASA) and thienopyridine
ADP-receptor blocker has proven 1o be a powerful preven-
tive solution!=>
Two thienopyridine antiplatelet agents are currently availa-
ble: ticlopidine and clopidogrel. Although ticlopidine, a
I*-generation thienopyridine, has contributed much to the
prevention of stent thrombosis, it frequently causes adverse
side-effects such as agranulocytosis, thrombotic thrombo-
cytopenic purpura and liver injury. Clopidogrel, a 27-gen-
eration P2Y 1z blocker, has a better safety profile with a lower
ncidence of hematologic and liver complications, and has

Pcrculancnus coronary intervention (PCI) with coro-
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now largely replaced ticlopidine in clinical pracuce.

One important problem with clopidogrel 1s the wide
inter-individual variation in its antiplatelet effect-¢-% It has
been demonstrated that clopidogrel does not exert an anti-
platelet effect in a certain proportion of patients in Western
populations! known as clopidogrel resistance. Importantly,
several studies have revealed that cardiovascular risk is ele-
vated in patients with clopidogrel resistance!?

On the other hand, there are well-established differences in
the atherothrombotic and hemorrhagic risks in the Japanese
compared with Western populations!! so results from clinical
trials in the West using novel antithrombotic agents cannot
be applied directly to Japanese patients. Furthermore, the
standard dose of tclopidine for the Japanese (200 mg/day)
is much lower than that for Western people (500 mg/day),
but the same daily maintenance dose (75 mg) of clopidogrel
is used in both populations. Therefore, some Japanese phy-
sicians are concerned about the strength of the effect of
clopidogrel in Japanese patients and because of those con-
cerns, we designed the present study to evaluate the anti-
platelet effects of clopidogrel under low-dose ASA therapy
in 30 Japanese patients scheduled for PCL

Methods

Study Protocol

This study was approved by the Ethics Committee of
Kyoto University Hospital, and written informed consent was
given by all enrolled patents, who were undergoing elective
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coronary stent implantation. The initial diagnosis of ischemic
heart disease was based on symptoms. a non-invasive ex-
amination such as stress electrocardiogram, and/or coronary
computed tomography angiography. Further entry criteria
were (1) ASA (81-100mg/daily) for at least 7 days prior to
the initial cardiac catheterization and (2) platelet count of
100-350x10%/L and hemoglobin 210 g/dl. Exclusion crite-
na were: (1) recent bleeding diathesis; (2) hematologic or
malignant disorder; (3) oral anticoagulation with coumarin
derivatives: (4) glycoprotein IIb/Mlla inhibitor or fibnnolytics
administered during either the PCI or the preceding 14 days;
and (35) antiplatelet therapy with thienopyridines, cilostazol
or dypridimole within the preceding 28 days.

A loading dose of 300mg clopidogrel was administered
on the 1* day, approximately 24 h before PCIL. A daily main-
tenance dose (75mg) was administered the morning before
the procedure and continued thereafter. ASA was admin-
istered at a daily dose of BI-100mg. Blood samples were
collected at enrolment, and at 4(3-5)h, 24(22-26)h and 48
(46-50) h atter the loading dose (Table1). The 24-h sampling
was performed before the daily 75mg clopidogrel intake,
whereas the 48-h sampling was afterward. All 30 enrolled
patients were to be evaluated until 48h after the loading
dose; 9 patients did not undergo PCI because of unexpected-
ly mild stenosis and re-evaluation of the PCI indication on
the following day and therefore, those patients discontinued
clopidogrel intake. PCI was carried out in the remaining 21
patents and their blood samples were analyzed on days 14
(12-16) and 28 (26-30).

Analysis of Platelet Aggregation

Blood samples were collected using a4 21G needle, with
tourniquet, into a glass tube containing a final solution of
0.313% sodium citrate. Platelet-rich plasma (PRP) was
prepared by centrifugation at 150g at 25°C for 15min and
platelet-poor plasma was prepared by centrifugation at
1,740 g at 25°C for 10min. The PRPs were stimulated by
5 and 20pmol/L. ADP (adenosine diphosphate; Chronolog),
and 2g/ml collagen (Horm, Germany) at 37°C and the ag-
gregations were analyzed, under stirring, using a 12-channel

KXy}

Table | Study Protocol

Platelet function analysis

- 1) Bazeline
¢l L[
Day 0 Clopidogret 300 mg 214 h afier loading
; g ) 24 h after louding
Day | Clopidogrel 75 mg 4) 48 h after loading
l 5) 4 days after loading
Day 28 61 28 days after loading

light transmission aggregometer (MCM HEMA TRACER
313; MC Medical, Japan), whereby the degree of light trans-
mission of the PRP was defined as 0% of the aggregation
rale and the cogmutive platelet-poor plasma as 100%!212 The
degree of light transmission was monitored for [0 min after
agonist stimulation and platelet aggregation was evaluated.
All the procedures were completed within 2h of blood sam-
pling. The maximal aggregation rate (MAR) and the inhibi-
tion of platelet aggregation (IPA), which was calculated as
the percent inhibition of baseline aggregation according to
the following equation, were evaluated:

TPA (%)= [(MARbascline— MARume after treatment )/ MARbaseline)
x 100,

Analysis of Vasodilator-Stimulated Phospho
Phosphorylarion

The VASP is an abundant substrate of cAMP-dependem
protein Kinase in platelets. Its phosphorylation levels were
measured using the Platelet VASP-FCM kit (Biocytex Inc,
Marseille, France) in which the VASP-phosphorylation levels
are quantified by flow cytometry after stimulation of whole
blood with prostaglandin Ei (PGE1; mean fluorescence in-
tensity (MFI)) and also PGE1 plus ADP (MFI PGE: + ADP).
The P2Y 12 reactivity index (PRI), calculated as percent in-
hibition of baseline aggregation was evaluated according to
the following equation:

PRI={(MFlpge: = MFIvGE: « ape) MFIpae:} < 100,

otein q‘VASPJ

Table 2 Baseline Characteristics
Total (n=10) PClin=21) Now-PCI {n=9) PAPCHvs non-PCH)
Age [years) T0£7 719 6844 0
Males 22(73%) 17 (81%) J56%) 16
Platelets (x10#/il) 2} 1%5.5 20.4£5.2 222458 043
Risk factors
Current smoker 10(33%) 11{52%) 0(0%) 0013
Hyperlipidemia' 22(73%) 18186%) 5 156%) 0083
Diubetes? 7(23%) 6 (29%) 1ili%) 028
Hypertension! 18 (60%) 15(71%) 4 i44%) 016
Prior myocardial infarciien 1i3%) Ii5%) 010%) 3y
Frior PCY d113%) $ild%) 1) .81
Prior cerebrovascular even 1{3%) 5% 00%) (34
Peripheral vascular disease 2(7%) 2110%) 0(0%) w22
Treatment
F-hlocker 4(13%) F 4% Hil%) 08t
Nitrates 723%) SIM4%) 2¢22%) 092
ACEI/ARE 13435 §(38%) 5(56%) 38
Starin 26(87%) 19 190%) 7(78%) .35
Ce-vhannel blocker 15 (50%) 12(57%) 3 (305 023
Proton pump inkibator FI28%) I24%) 2(22%) (92

Depined as Tundder medical treatment or total cholesteral level 5220 meidl or low-denviry cholesterol level = 140 mgidl, 2HbA

>6.5%, "systolic blond pressure > 140mmHg or diastalic hood pressure >9%0mmHg
PCI, percutaneaus coronary tervennion; ACEL angiotensin-converting enzvime inhibitor; ARB, angiotensin . receptor blocker
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Table 3 Maximal Aggregation Rates (%)
o Buseline
ADP (5 umol/L) stimulation
Total (n=30) 645567 (30)
PCl-treated (n=21) 65 5559124

PCluntreated (n=9) 62.0L8.2(9)

ADP | 20 umol/L) stimulaiton

SI8=10. 0129
54721031200
S20:10.0(9)

52.9289(30)
536286121
32.0410.0¢9)

F9.0£10.2 (28)
492408 120
4861118 (8)

46.85125(20) 4882100121}

6274100 SRR 128)
62719, 60 1£l14120) 3581020200 S§7.0x103i21)
62 584110918
36,7142 612159428
R332 IZTEI2(20)  3312122020) 348:11.9(20)
1288164 §24217.5(8)

&h 144 2Xd

Time amer clopidogrel intake

Figl. Tiune-dependent change in platelet ag-
gregution after clopidogrel intake. (A) Maximal
aggregation rates (MARs) induced with 5mol/L
ADP. (B) Inhibition of platelet aggregations
(IPAs) with 5;molfl. ADP stimulation. (C) IPAs
with 20pmaol/L. ADP sumulation; (D) IPAs with

Total in=140) 72.026.2 6411106
PCl-treated (n=21) 728245 63.8210.7
PCl-untreated (n=9) 700254 615185
Collagen {2 jumol/L) stimulation
Tatal (n=30) 938161 1682169
PCl-treated (in=21) S0.3LI58 4012168
PCluntreated (5=9) 47.0£17 5 2044157
Abbreviation see in Table 2
The number of examined subjects is shown in parentheses
(A) (B)
= = - 0
< oa &
& = &0
? 60 3
z 5 = 30
iy £
al o = i)
AT £
a0 10
L3 U]
baseline  4h 24 Hh 144 Rd bascline 4h Mh
Time after cloptdogrel intake
(€ (D)
-~ 50
3 g
z §
e g
= [
= =
= =
: 2 20
£ o
haseline  4h Mh 48h 44 I3d nmiu&e ah Hh

Time after clopidegrel intake

Definition of Clopidogrel Responsiveness

Classification of clopidogrel effectiveness was based on
the defimtion from a previous report:'# [IPA <10% (clopido-
grel non-responders); 10%<IPA <30% (hypo-responders);
IPA=30% (responders)

Staristic Analysis

Continuous variables are expressed as mean=SD. Cate-
gorical variables are expressed as frequencies and per-
centages. Comparisons between categorical variables were
performed using 2-tailed Fisher's exact test or the Pearson’s
chi-square test. Student's (-test was used to compare continu-
ous variables. Changes in parameters were analyzed using
1-sample t-test. A P-value <0.05 was defined as statstical
significance. Staustical analyses were performed using
StatView 5.0 software (SAS Institute. Cary, NC, USA).

Results
Churacteristics of the Study Population
The baseline characteristics of the 30 enrolled pauents
are shown in Table2. Mean age was 7047 years and 22 pa-

Time aner cloprdoygrel inlake

5h 2ug/ml collagen stimulation, By l-sample t-test

compared with the data at baseline, +P<0.0001

Hd =d

ticnts (73%) were male. Only | patient (3% ) had a history of
prior myocardial infarction and 4 (13%) had undergone a
prior PCI. Among the 30 patients, 9 did not undergo PCI be-
cause of unexpectedly mild stenosis on coronary angiography,
which was not apparent on the imtial non-invasive assess-
ment. In the others (n=21), PCI with Cypher-stent™ implan-
tation was successfully performed. Blood examination was
performed until 48h after intake of 300 mg clopidogrel for
all 30 patients, and additionally, on days 14 and 28 post-
procedure for the 21 patients undergoing PCI. Because some
patients did not cooperate, and other administrative reasons,
a few data points were not available. The number of patients
evaluated for platelet function was as follows: at 4 h (n=29),
24 h (n=30), and 48 h (n=28) after clopidogrel intake (n=30),
and at 14 days (n=20) and 28 days (n=21) among patients
undergoing PCI (n=21) (Table 3). In all 30 enrolled patients,
we did not observe any haematologic disorders or liver
dysfunction during the study period.

Basehne charactenstics were not significantly different
between the PCI (n=21) and non-PCI (n=9) groups, apan
from smoking habit (Table2). As shown in Table3, there

was no significant difference between the 2 groups in the
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