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Abstract

Background and Objective: Aspirin, clopidogrel, cilostazol, and statins are thought to
reduce the risk of cerebral infarction in patients with intracranial arterial stenosis. We present
a case of multiple intracranial arterial stenoses in which increased cerebral blood flow (CBF)
was demonstrated after long-term medical therapy.

Case Presentation: A 68-year-old man with a history of cerebral infarction showed
complete occlusion of the left internal carotid artery with severe stenoses in the A1 segment
of the left anterior cerebral artery (ACA) and the left posterior communicating artery
resulting in poor visualization of the left middle cerebral artery (MCA) on magnetic resonance
angiography (MRA). Administration of aspirin and clopidogrel prevented ischemia from
recurring for 1 year; however, the stenoses never improved. Technetium-99m-L, L-
ethylcysteinate dimer single-photon emission computed tomography (SPECT) demonstrated a
significant decrease in CBF in the territory of the left MCA. Anastomosis between the
superficial temporal artery and the MCA was recommended to the patient because no
supplementary blood supply was expected through either the left A1 or posterior
communicating artery. However, the patient refused surgery because of the associated risks.
To enhance vasodilation, clopidogrel was replaced by cilostazol. One year later, the stenoses
had partially improved. Further treatment with aspirin, cilostazol, simvastatin, and nateglinide
contributed to the significant increase in CBF with normal hemodynamics, as shown with
acetazolamide-loading SPECT.

Conclusion: The goal of treatment for intracranial arterial stenosis is to supply sufficient
blood flow to the brain rather than to completely dilate the stenotic artery. Long-term
treatment with aspirin, cilostazol, simvastatin, and nateglinide might help increase CBF in
some patients with intracranial arterial stenosis.
(J Nippon Med Sch 2012; 79: 85―89)
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Fig.　1　MRI and MRA in 2007
A: MRI: Old cerebral infarction is identified in the left corona radiata as a low-intensity area on both fluid-
attenuated inversion recovery (upper) and diffusion (lower) imaging.
B: MRA: Complete occlusion of the left internal carotid artery (ICA) is recognized, and severe stenoses are 
present in the left A1 portion of the anterior cerebral artery (ACA) (arrowheads) and in the left posterior 
communicating (P-com) artery (arrow with dotted line) resulting in poor visualization of the left middle 
cerebral artery (MCA) (arrows).
R: right, L: left

Introduction

In addition to having an antiplatelet effect,
cilostazol has vasodilating effects, protective effects
on arterial endothelial cells, and inhibitory effects on
smooth-muscle cell proliferation1―4. Improvement of
some severe intracranial arterial stenoses after
treatment with cilostazol has been reported4,5;
however, some of these stenoses might have been
caused by arterial dissection or a cardiac embolus,
especially in cases showing rapid improvement. In
such cases the improvement of the stenosis might
have been unrelated to treatment: Akins et al. have
reported that about 20% of intracranial arterial
stenoses improve spontaneously6. Many reports
describe only dilation of arterial stenosis on
magnetic resonance angiography (MRA) after
treatment with cilostazol but do not describe
cerebral blood flow (CBF)5,7. We present a case of
intracranial arterial stenoses in which CBF markedly
increased after long-term treatment with cilostazol.

Case Report

In March 2006 a 68-year-old man with
hyperlipidemia and diabetes mellitus had a history of
cerebral infarction but recovered without
neurological deficits. Since then, he had been taking
aspirin (100 mg once a day), simvastatin (10 mg once
a day), and nateglinide (90 mg 3 times a day). The
patient was referred to our clinic for follow-up MRA
and magnetic resonance imaging (MRI ) in
September 2007. The fasting blood glucose level was
112 mg�dL, hemoglobin A1c (HbA1c) was 6.4%, total
cholesterol was 207 mg�dL, and low-density
lipoprotein (LDL) cholesterol was 111 mg�dL. In
October 2007 MRI showed an old cerebral infarction
in the left corona radiata (Fig. 1A), and MRA
revealed complete occlusion of the left internal
carotid artery (ICA), severe narrowing of the A1
segment of the left anterior cerebral artery (ACA)
and the left posterior communicating (P-com) artery
causing poor visualization of the left middle cerebral
artery (MCA) (Fig. 1B). Clopidogrel (75 mg once a
day) was additionally prescribed, but hemorrhage
occurred in the right ocular fundus in September
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Fig.　2　Follow-up MRA and SPECT
A: MRA in 2008: The left MCA is still poorly visualized because of severe stenoses in the left A1 portion of the ACA 
and P-com artery.
B: SPECT in 2008: Cerebral blood flow (CBF) at rest in the territory of the MCA is definitely lower on the left than 
on the right. In particular, the left temporal lobe, angular gyrus, and basal ganglia show poor blood flow. The 
acetazolamide loading study demonstrates an increase in the right-left difference in CBF.
C: MRA in 2009: Definite enlargement of the left MCA because of partial dilation of both the left A1 segment of the 
ACA and P-com artery is identified.
D: SPECT in 2009: No increase in CBF was identified in either the resting state or the acetazolamide loading state.
E: MRA in 2010: No further dilation of the left MCA is seen compared with MRA in 2009.
F: SPECT in 2010: CBF in the resting condition is slightly increased compared with that seen on SPECT in 2008 or 
2009, and, furthermore, the CBF after acetazolamide injection increases significantly to the standard level in both 
hemispheres with little right-left difference.

2008. Treatment with aspirin was restarted after
treatment with aspirin and clopidogrel had been
discontinued for 1 month. Follow-up MRA and
technetium-99m-L, L-ethylcysteinate dimer single-
photon emission computed tomography (SPECT)
were performed in October 2008. No improvement
of the arterial stenoses was identified (Fig. 2A).
Under resting conditions the CBF in the territory of
the MCA was slightly lower on the left than on the
right, and the right-left difference in CBF increased
after acetazolamide injection because of the poor

response of the left MCA (Fig. 2B).
We offered anastomosis of the superficial temporal

artery to the MCA, because no supplementary blood
supply was expected through either the left A1 or
left P-com artery. However, the patient refused
surgery because of the associated risks. Therefore,
cilostazol (50 mg twice a day) was added to aspirin,
simvastatin, and nateglinide. One year later, MRA
demonstrated dilation of the left A1 and the left
MCA (Fig. 2C). In contrast, SPECT showed no
improvement in CBF and a poor response to
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acetazolamide (Fig. 2D). The medications were
continued with an expectation of further dilation of
the stenotic arteries. After 2 years of treatment with
aspirin, cilostazol, simvastatin, and nateglinide,
follow-up MRA in 2010 showed little dilation of the
arteries (Fig. 2E). However, SPECT demonstrated
considerable improvement in the CBF; the CBF in
both hemispheres had increased with little right-left
difference under resting conditions and increased
markedly after acetazolamide injection (Fig. 2F).
The patient has been visiting our clinic regularly
without any ischemic attacks, and all medications
have been continued.

Discussion

The successful treatment of intracranial arterial
stenosis in patients with a history of ischemic
attacks may require administering multiple
antiplatelet agents8,9, but enhancing only antiplatelet
activity is not always advantageous because of the
increased risk of hemorrhage10. Unfortunately, in our
patient antiplatelet medications had to be
temporarily discontinued because of hemorrhage in
the right optic fundus caused by the combination of
aspirin and clopidogrel, but the treatment never
improved either the intracranial arterial stenosis or
the hypoperfusion in the territory of the left MCA
(Fig. 2A and 2B).

Hemorrhage did not occur after clopidogrel was
replaced by cilostazol. We concluded that the
combination of aspirin and clopidogrel was more
likely to cause bleeding than was the combination of
aspirin and cilostazol11,12. It is not certain whether the
combination of aspirin, simvastatin, nateglinide, and
cilostazol is more effective for treating intracranial
arterial stenosis than is cilostazol alone, because
statins also improve cerebral vasomotor reactivity13,
but cilostazol was definitely associated with the
improvement of arterial stenoses in the present case.
Additional actions of cilostazol, including
vasodilation, protection of arterial endothelial cells,
and inhibition of vascular smooth-muscle
proliferation 1 ― 4, certainly contributed to the
regression of arterial stenosis and might be
associated with the improvement in hemodynamic

activity in the ischemic lesion. These actions of
cilostazol could have affected the right cerebral
hemisphere, where no arterial stenosis was
identified, resulting in the increase in CBF and the
better response to acetazolamide.

The Trial of Cilostazol in Symptomatic
Intracranial Arterial Stenosis found that progression
of intracranial arterial stenosis was significantly less
frequent in patients treated with cilostazol for 6
months than in patients who received placebo and
that intracranial arterial stenosis regressed in 24.4%
of patients receiving cilostazol and 15.4% of patients
receiving placebo5. The arterial stenoses in our case
did not dilate completely and were still recognized
on MRA in 2010 (Fig. 2E), but we believe that our
treatment for the patient was successful, as shown
by SPECT (Fig. 2F). At least 1 study has found that
superficial temporal artery-MCA anastomosis
provided no benefit over antiplatelet treatment in
reducing the risk of ischemic stroke in patients with
MCA stenosis14, but other studies have emphasized
the effectiveness of the surgical treatment for
patients with intracranial arterial stenosis 15,16.
Neurosurgeons should not be aggressive in
surgically treating patients with poorly dilated
intracranial arterial stenosis. And long-term follow-
up with MRA and SPECT after treatment with
multiple antiplatelet agents is important for making
appropriate decisions about surgical treatment. The
goal of treatment for intracranial arterial stenosis is
to supply sufficient blood flow to hypoperfused areas
to prevent new ischemic ictus rather than to
completely dilate the stenotic artery.

References

1．Tanaka T, Ishikawa T, Hagiwara M, Onoda K, Itoh
H, Hidaka H: Effects of cilostazol, a selective cAMP
phosphodiesterase inhibitor on the contraction of
vascular smooth muscle. Pharmacology 1988; 36:
313―320.

2．Takahashi S, Oida K, Fujiwara R, et al.: Effect of
cilostazol, a cyclic AMP phosphodiesterase inhibitor,
on the proliferation of rat aortic smooth muscle cells
in culture. J Cardiovasc Pharmacol 1992; 20: 900―906.

3．Shin HK, Kim YK, Kim KY, Lee JH, Hong KW:
Remnant lipoprotein particles induce apoptosis in
endothelial cells by NAD(P)H oxidase-mediated
production of superoxide and cytokines via lectin-like
oxidized low-density lipoprotein receptor-1



Improvement of CBF after Long-term Medication

J Nippon Med Sch 2012; 79 (1) 89

activation: prevention by cilostazol. Circulation 2004;
109: 1022―1028.

4．Hankey G: Cilostazol shows promise as an
alternative to aspirin for patients with ischaemic
stroke. Lancet neurology 2008; 7: 469―470.

5．Kwon SU, Cho YJ, Koo JS, et al.: Cilostazol prevents
the progression of the symptomatic intracranial
arterial stenosis : the multicenter double-blind
placebo-controlled trial of cilostazol in symptomatic
intracranial arterial stenosis. Stroke 2005; 36: 782―
786.

6．Akins PT, Pilgram TK, Cross DT 3rd, Moran CJ:
Natural history of stenosis from intracranial
atherosclerosis by serial angiography. Stroke 1998;
29: 433―438.

7．Arai K, Izawa M, Katayama S, et al.: Case Reports of
Cilostazol. Progress in Medicine suppl 2008; 28: 2543―
2607. [in Japanese].

8．Esagunde RU, Wong KS, Lee MP, et al.: Efficacy of
dual antiplatelet therapy in cerebrovascular disease
as demonstrated by a decline in microembolic
signals. A report of eight cases. Cerebrovasc Dis
2006; 21: 242―246.

9．Wong KS, Chen C, Fu J, et al.: Clopidogrel plus
aspirin versus aspirin alone for reducing
embolisation in patients with acute symptomatic
cerebral or carotid artery stenosis (CLAIR study): a
randomised, open-label, blinded-endpoint trial. Lancet
Neurol 2010; 9: 489―497.

10．Serebruany VL, Malinin AI, Ferguson JJ, Vahabi J,
Atar D, Hennekens CH: Bleeding risks of
combination vs. single antiplatelet therapy: a meta-

analysis of 18 randomized trials comprising 129,314
patients. Fundam Clin Pharmacol 2008; 22: 315―321.

11．Wilhite DB, Comerota AJ, Schmieder FA, Throm
RC, Gaughan JP, Rao AK: Managing PAD with
multiple platelet inhibitors: the effect of combination
therapy on bleeding time. J Vasc Surg 2003; 38: 710―
713.

12．Comerota AJ: Effect on platelet function of cilostazol,
clopidogrel, and aspirin, each alone or in combination.
Atheroscler Suppl 2005; 6: 13―19. Review.

13．Carod-Artal FJ: Statins and cerebral vasomotor
reactivity: implications for a new therapy? Stroke
2006; 37: 2446―2448.

14．No authors listed: Failure of extracranial-intracranial
arterial bypass to reduce the risk of ischemic stroke.
Results of an international randomized trial. The
EC�IC Bypass Study Group. N Engl J Med 1985; 313:
1191―1200.

15．Yamashita T, Nakano S, Ishihara H, et al.: Surgical
modulation of the natural course of collateral
circulation in chronic ischemic patients. Acta Neurol
Scand Suppl 1996; 166: 74―78.

16．Yasui N, Suzuki A, Sayama I, Kawamura S, Shishido
F, Uemura K: Comparison of the clinical results of
STA-MCA anastomosis and the medical treatment
in the cerebral low perfusion patients with viable
brain tissue. Neurol Res 1991; 13: 84―88.

(Received,
(Accepted,

May
August

12, 2011)
25, 2011)


