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ORIGINAL ARTICLE

Azelnidipine, a long-acting calcium channel blocker,
could control hypertension without decreasing cerebral
blood flow in post-ischemic stroke patients. A 123|-IMP
SPECT follow-up study

Masaki Watanabe!, Teruyuki Hirano!, Sadahisa Okamoto!, Shinya Shiraishi?, Seiji Tomiguchi®
and Makoto Uchino!

Azelnidipine, a long-acting calcium channel blocker, is highly lipid soluble and selective for the vascular wall, and is expected to
have an increasing effect on cerebral blood flow (CBF). The aim of this study is to investigate its safety and efficacy in stroke
patients in the chronic stage as far as CBF is concerned using N-isopropyl-p-123l-iodo amphetamine (1231-IMP) single-photon
emission computed tomography (SPECT). The patients were orally administered 8 or 16 mg of azelnidipine. Regional CBF was
evaluated by 123]-IMP SPECT using three-dimensional stereotactic region-of-interest (ROI) template (3D-SRT), a technique using
anatomical standardization and ROI template consisting of 636 ROIs for the whole brain. Mean hemispheric CBF was defined as
the mean value of the corpus callosum, and the precentral, central, parietal, angular and temporal gyri. Mean hemispheric and
regional CBF after 1, 3 and 6 months were analyzed using a one-way repeated-measures analysis of variance. Ten post-ischemic
stroke patients with hypertension were enrolled between October 2005 and October 2007, and all of them were well controlled

with normal blood pressure (before: 172.3 + 16.6/88.4 + 14.0 mm Hg; 6 months: 128.7 + 15.9/70.9 + 10.1 mm Hg). No
vascular events were observed during the study period. The mean hemispheric CBF was maintained during the study period
(before: 46.0 + 9.7 ml per 100 g per min; 6 months: 49.3 + 11.1 ml per 100 g per min). The regional CBF was also maintained.
In the chronic stage of ischemic stroke, azelnidipine could safely decrease systemic blood pressure without decreasing CBF.
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INTRODUCTION
Calcium channel blockers (CCBs) are widely used for the treatment of
hypertension and ischemic heart disease. In addition to their anti-
hypertensive and cardioprotective effects, many trials showed that
CCBs decreased the incidence of stroke.!”> However, in cases of
cerebral blood flow (CBF) hemodynamic compromise, a reduction
in blood pressure (BP) would decrease the CBF if the pressure
decreases below the lower limit of CBF autoregulation. Antihyperten-
sive therapy itself may induce the risk of ischemic brain complications
by a decrease in CBE. Many studies have shown that different CCBs
have different effects on CBE. Nilvadipine, a medium-acting CCB,
increases the regional CBF and cerebral hemodynamics.* However,
other long-acting CCBs such as amlodipine showed no improvement
in CBE>¢

Azelnidipine is a new dihydropyridine calcium channel antagonist
that is selective for L-type calcium channels and was recently approved
in Japan for the treatment of patients with hypertension.” It has

antihypertensive effects comparable with amlodipine.® It is also more
lipid soluble and has higher selectivity for the vascular wall than older
generation CCBs, and the blood flow to the brain was significantly
increased in animal models that were treated with azelnidipine.’
However, the effect of azelnidipine on the CBF of patients with stroke
has not been addressed. The aim of this study is to test its safety and
efficacy in hypertensive stroke patients in the chronic stage as far
as CBF is concerned using N-isopropyl-p-'?’I-iodo amphetamine
('ZI-IMP) single-photon emission computed tomography (SPECT).

METHODS

Subjects, inclusion and exclusion criteria

The study was set with a prospective open-label, single-arm design. The study
protocol was reviewed and approved by the institutional review board of our
hospital, and informed written consent was obtained from all participants. The
inclusion criteria were (1) males or females aged over 20 years; (2) more than 4
weeks must have passed since the last ischemic stroke and the neurological
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status must be stable; and (3) systolic BP of >140 mm Hg and/or a diastolic BP
of >90mmHg.

Exclusion criteria were patients taking other CCBs at the time of enrollment;
secondary hypertension; severe systemic complications involving the heart,
lungs, liver, or kidneys; within 6 months after acute myocardial infarction;
poorly controlled diabetes mellitus; intolerance to CCBs; pregnancy; adminis-
tration of azole antifungal drugs or human immunodeficiency virus protease
inhibitors.

Blood pressure was measured, with patients in the sitting position after at
least 10 min at rest, using a sphygmomanometer, by the same examiner on the
same arm. Heart rate was also recorded. After enrollment, the patients under-
went pretreatment examinations including a chest radiograph, electrocardio-
graphy, routine hematological and blood biochemical analysis, and '?*I-IMP
SPECT. The analyzed parameters included red and white blood cell and platelet
counts, hemoglobin, hematocrit, glutamic oxaloacetic transaminase, glutamic-
pyruvic transaminase, y-glutamyl transpeptidase, alkaline phosphatase, total
bilirubin, C reactive protein, blood urea nitrogen, serum creatinine, electrolytes
(sodium, potassium and chloride), total cholesterol, low-density lipoprotein,
high-density lipoprotein, triglycerides and fasting blood sugar.

On the completion of pretreatment examinations, azelnidipine at a dose of 8
or 16 mg daily was prescribed. Other antihypertensive drugs than CCBs could
be given if the BP could not be controlled at an optimal range only with
azelnidipine.

Blood pressure, routine blood tests and CBF were similarly evaluated after 1,
3 and 6 months. Patients were asked to visit every 2—4 weeks so that their
neurological status could be examined and BP measured at each visit. Drug
compliance was also checked at each visit by the investigator. Vascular events
during the study period were classified as ischemic heart disease, for example,
angina pectoris and myocardial infarction; and ischemic stroke, including
transient ischemic attacks.

Table 1 Demographic characteristics of patients

Age Vascular risk
Case  (years) Sex  Diagnosis Lesion of infarction  factors
1 62 M Lacunar Left basal ganglia HT and DM
2 78 M Cardiogenic Left caudate HT
3 70 M Atherothrombotic ~ Right CR HT and DL
4 72 F Lacunar Right CR HT and DL
5 79 F Atherothrombotic  Left caudate HT and DL
6 70 M Lacunar Left CR HT
7 68 M Atherothrombotic ~ Right parietal HT and DL
8 73 F Atherothrombotic ~ Right DWM HT
9 70 F Cardiogenic Left SBZ HT
10 72 M Atherothrombotic ~ Left SCA territory HT and DM

Abbreviations: CR, corona radiata; DL, dyslipidemia; DM, diabetes mellitus; DWM, deep white
matter, F, female; HT, hypertension; M, male; SBZ, superficial border zone, SCA, superior
cerebellar artery.

Stroke was classified according to the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) criteria'® by comparing clinical symptoms, responsible
lesions on magnetic resonance imaging and steno-occlusive lesions on ultra-
sound analysis, magnetic resonance angiography and cerebral angiography.

Between October 2005 and October 2007, a total of 11 patients who fulfilled
the inclusion criteria were included in the study after obtaining their informed
consent. Ten patients completed the study but one patient discontinued
because of heart failure resulted from a valve disease. Finally, we analyzed 10
patients and 20 hemispheres. The clinical features of these 10 patients are
summarized in Table 1. They were seven males and three females, and their ages
ranged from 62 to 79 years (mean*s.d.: 71.3+1.7). The types of ischemic
stroke, according to the TOAST classification, were small vessel disease in three,
large artery atherosclerosis in five and cardiogenic stroke in two. The time
between the last ischemic stroke and the enrollment was an average of 425.8
days (range: 37-2026).

SPECT imaging and analysis

General procedure. We used a two-head gamma camera (Millennium VG,
General Electric Medical Systems, Milwaukee, WI, USA) equipped with a low-
energy general-purpose collimator. We loaded '’I-IMP (167 MBq in 1.5 ml) into
an extension tube connected to a 20-ml syringe and injected it as a bolus into a
vein in the right or left arm over 10s with 20 ml of saline. Planar images of the
brain (cerebral radioactivity at 5 min after injection: Cb5) were obtained for 1 min
(128 x 128 matrix) at 5min after bolus injection of '>*I-IMP. Planar images of the
brain were also obtained before (Cby.) and after (Cbyos) SPECT imaging. SPECT
imaging of the brain was carried out for 20 min (continuous mode, 60 steps, 20s
per step, magnification x 1.5, 128 128 matrix) at 15 min after bolus injection of
125LIMP. Axial SPECT images were reconstructed by the filtered back projection
method using a Ramp filter. A Butterworth filter with an order of 10 and a cutoff
of 0.45 was used as the pre-reconstruction filter. The reconstructed slice thickness
was 2.95 mm. Correction for attenuation or scatter was not performed.

Continuous arterial blood sampling. Continuous arterial blood sampling was
carried out with a suction pump through an extension tube connected to a 27-
gauge Teflon catheter in the right radial artery. The total dead space for
sampling was about 1ml Continuous sampling at a constant rate of
Imlmin~! was started immediately after bolus injection of '2*I-IMP and
stopped 5min later. The total radioactivity of the blood sample (1 ml: whole
blood count) was measured by a scintillation well counter immediately after the
completion of continuous arterial blood sampling. A mixture of 0.5 ml of blood
and 2ml of octanol was vortexed and then centrifuged at 3000r.p.m. for
20 min. Then the radioactivity in 1.0 ml of the octanol fraction (octanol count)
was measured by a scintillation well counter. Next, the arterial input function
for 5min (AIF(5)) was obtained by the following equation:

AIF(5) = 4x (octanol count/whole blood count)
xwhole blood count (count,/ml)

Octanol count is obtained by measurement of 1 ml octanol fraction extracted
from the mixture of 0.5 ml of whole blood and 2 ml of octanol. Therefore, the

a Blood Pressure b Pulse Rate
200 90
180 _
160 80 "'T*
140 7 | 3 i
120 70 ’ ] Lo
@ 100 1 g \g
80 60 n J
60 4 i
40 50
207
2 pre m 3m 6m " pre im 3m 6m

Figure 1 (a) Upper box, serial change of systolic blood pressure. They were all well controlled to optimal systolic blood pressure with statistical significance
(paired t-test). Lower box, serial change of diastolic blood pressure. They were well controlled to optimal blood pressure with statistical significance (paired

t-test) (*P<0.05 or **P<0.001). (b) Pulse rate did not change significantly.
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multiplying factor of 4 is necessary for the calculation of octanol fraction of
1 ml whole blood.

Measurement of CBF
According to the microsphere model,'! rCBF (ml per 100g per min) was
calculated as follows:

YCBE = rCh(5)/ / Ca(t)dt = rCh(5)/AIE() (1)

where rCb(5) is the regional radioactivity (uCig™!) of the brain tissue at 5 min
after injection of '2’I-IMP, Ca(t) is the radioactivity (uCiml~!) vs time profile
of PI-IMP in arterial blood, and [ Ca(t)df(min #pCi/ml) is the integral of
ATF(5) (minxpCiml~!). rCb(5) was also calculated as follows: rCb(5)=brain
SPECT count x[Cb(5) count/average of the Cbyre and Cbyos counts]. Then,
regional CBF could be determined by equation (1).

Data analysis

Three-dimensional stereotactic region-of-interest (ROI) template (3D-SRT), a
technique using anatomical standardization and a ROI template consisting of
636 ROISs of the entire brain, was introduced to quantitate local CBE.!'?> Mean
hemispheric CBF was defined as the mean value of the corpus callosum, and
the precentral, central, parietal, angular and temporal gyri, which are all located
in the anterior circulation. We analyzed the following factors on SPECT: (1)
serial change in the mean hemispheric CBF; (2) differences in serial mean
hemispheric CBF changes between infarcted and non-infarcted hemispheres;
(3) serial change of the regional CBF in the corpus callosum, the precentral,
central, parietal, angular and temporal gyri, lenticular nucleus, thalamus and
hippocampus.

Statistical analysis

Values are expressed as the mean +s.d. in the text, table and figures. BP and
heart rate after 1, 3 and 6 months were compared with the baseline data using
the paired t-tests. The CBF was analyzed using a one-way repeated-measures
analysis of variance. A P-value <0.05 was considered statistically significant.
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Figure 2 Serial change in mean hemispheric cerebral blood flow (CBF). No
significant change was observed (one way repeated-measured analysis of
variance (ANOVA), P=0.74).
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Statistical analysis was carried out using statistical analysis software (JMP,
version 6.0.3, SAS Institute, Cary, NC, USA).

RESULTS

Eight of nine patients received azelnidipine 16 mg, and the remaining
one patient received 8 mg. They were all well controlled at an optimal
systolic BP with statistical significance (before: 172.3 £ 16.6 mm
Hg; 1 month: 147.9 + 24.0mm Hg; 3 months: 132.8 £ 16.8 mm Hg;
6 months: 128.7 + 15.9mmHg. Paired t-test: P<0.05 in 1 month,
P<0.001 in 3 and 6 months) (Figure 1). Diastolic BP were also
well controlled at an optimal level with statistical significance (before:
88.4114.0mmHg; 1 month: 75.8+ 15.1 mmHg; 3 months: 75.8 +
7.5mmHg; 6 months: 70.9+10.1 mm Hg. Paired #-test: P<0.05)
(Figure 1). Heart rate did not change significantly (before: 70.4 £8.7
beats per min; 1 month: 64.6+7.7beats per min; 3 months:
66.6 = 9.6 beats per min; 6 months: 62.4 + 5.2 beats per min. Paired
t-test: P=0.02) (Figure 1).

Neither abnormal data on blood tests nor vascular events were
observed during the study period.

When all hemispheres were summarized and evaluated, the mean
hemispheric CBF had not changed significantly (before: 46.0 £ 9.7 ml
per 100g per min; 1 month: 46.0£9.7ml per 100g per min; 3
months: 46.6 + 12.0ml per 100g per min; 6 months: 49.3 £ 11.1 ml
per 100g per min) (one way repeated-measures analysis of variance,
P=0.74) (Figure 2). Furthermore, by a separate analysis of both the
infarcted and non-infarcted hemispheres, significant changes in the
mean hemispheric CBF were not observed (infracted hemisphere:
n=10, before: 45.5+123ml per 100g per min; 6 months:
48.6 £ 11.3 ml per 100 g per min, P= 0.92; non-infarcted hemisphere:
n=10, before: 46.6 = 11.1ml per 100g per min; 6 months: 50.1 +
11.4 ml per 100 g per min, P=0.87) (Figure 3). The regional CBF did
not show any significant change in all regions (Table 2). Case 1 was
shown in Figure 4.

DISCUSSION
To the best of our knowledge, this is the first study that shows that
azelnidipine can safely decrease the systemic BP without decreasing
CBF in the chronic stage of ischemic stroke. There are three points in
this study. First, mean hemispheric CBF was maintained for 6 months
under administration of the drug, although the systemic BP was
significantly lowered. Second, hemispheric CBF was maintained
regardless of the presence of infracted and/or peri-infarcted tissues.
Finally, regional CBF was also maintained for 6 months.

The antihypertensive effect of azelnidipine is consistent with some
previous mega studies using amlodipine,' ™ indicating that the anti-
hypertensive effect continues for several months to years of drug
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Figure 3 (a) Infarct hemisphere (n=10). Separate analysis for affected hemispheres showed no significant change in cerebral blood flow (CBF; P=0.92).
(b) Non-infarct hemisphere (n=10). Separate analysis for non-infarct hemisphere showed no significant change in CBF (P=0.87).
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Table 2 Serial change of the regional CBF

Regional CBF (mean* s.d., ml per 100g per min)

Region Pre 1 month 3 months 6 months P-value
Corpus callosum 43.6+13.0 443+11.7 44.8+13.6 47.5+12.9 0.7751
Precentral 457+12.4 45.7+10.0 46.6+12.8 49.6+11.8 0.6824
Central 459+11.3 46.5+10.8 46.2+11.9 49.1+10.7 0.7843
Parietal 43.3+10.7 43.9+11.0 441+11.8 46.9+10.6 0.7457
Angular 49.9+13.9 49.2+11.8 50.2+£14.2 52.7+13.4 0.8581
Temporal 43.8+10.6 43.1+7.3 43.9+10.7 47.9+12.9 0.7401
Lenticular nucleus 46.6t11.5 459+8.3 48.5+14.1 50.4+12.8 0.6415
Thalamus 43.6+11.4 43.6+8.7 43.4+10.1 447+11.3 0.9779
Hippocampus 42.3+11.1 41.9+8.3 429+11.7 443+11.1 0.9049

Abbreviation: CBF, cerebral blood flow.

Figure 4 Case 1 (62-year-old male) suffered from lacunar infarction in left basal ganglia. (a) Magnetic resonance imaging (MRI) T2-weighted images (T2WI)
and (b) N-isopropyl-p-123l-iodo amphetamine (123|-IMP) single-photon emission computed tomography (IMP SPECT) on the level of the basal ganglia at
pretreatment. (c) Three months after treatment with 16 mg of azelnidipine and (d) 6 months after. Significant CBF increase was seen in bilateral
hemispheres.
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administration. BP depression in the subacute stage of ischemic
stroke, that is, the natural course, did not seem to be suitable in
this study because all the patients were enrolled in the chronic stage at
1 month after an ischemic attack (median: 426 days). Furthermore,
the systolic BP gradually decreased to the target BP range described in
the VALUE study? from 3 to 6 months, although the pretreatment BP
was higher than in other studies because of the post-ischemic stroke
status. We considered that BP was lowered by the effect of azelnidi-
pine, and not by the natural course post-ischemic event.

Activation of the sympathetic nervous system and the increase in
heart rate by short-acting CCBs were important issue. However, the
increase in heart rate was not observed in this study. Azelnidipine has
the characteristic of not increasing the heart rate in stroke-prone
spontaneously hypertensive rats.!> The inhibition of sympathetic tone,
in addition to the direct effect on the sinus node is presumed to be the
main mechanism. Our present clinical data thus support previous
experimental findings.

Many studies have shown that CCBs have some effects on CBE
Nilvadipine, a medium-acting CCB, increases the regional CBF and
improves the cerebral hemodynamics.# On the other hand, CBF
autoregulation is impaired by some classical CCBs, such as nimodi-
pine and nitrendipine.!4'® Some reports showed that other long-
acting CCBs such as amlodipine showed no improvement on CBF in
humans,>® and others showed that amlodipine'” and benidipine!®
improve the lower limit of CBF autoregulation in animal models.
Although there have not been any reports on the effect of azelnidipine
on the CBF in stroke patients, our results postulated that azelnidipine
does not have a negative effect on CBE

Several mechanisms of action for CBF after treatment with azelni-
dipine are speculated. First, a primary vasodilatation effect by L-type
voltage-dependent calcium channels blockade was considered. Similar
to other long-lasting dihydropyridine CCBs such as amlodipine!” and
benidipine,'® it may also shift the lower limits of CBF autoregulation
in the direction of a lower BP by changing the cerebral resistance of
vessels. However, we did not evaluate the hemodynamics by using
acetazolamide, so it is uncertain if azelnidipine can actually shift the
lower limits of CBE Second, Kimura Y et al.l® reported that anti-
hypertensive treatment with azelnidipine enhanced the endothelial
nitric oxide synthase expression levels in the brain. Endothelial-
derived nitric oxide has crucial roles in the vascular physiological
action.?’ Nitric oxide is a vasodilator and exerts anti-inflammatory,
anti-thrombotic, anti-apoptotic and anti-proliferative actions. There-
fore, azelnidipine may protect the cerebral circulation by increasing
endothelial NO production. The antioxidative property that azelnidi-
pine was reported to have?! may be involved in the normalization of
the dysautoregulation of cerebral circulation. Third, sympathetic
nervous activity, which increases during hypertension, not only
contributes to the adjustment to circulatory stress but also to a
sustained increase in vascular resistance and arterial pressure.??24
Some CCBs induce an increase in plasma catecholamine, which is
involved in the sympathetic nervous system.?> In stroke-prone spon-
taneously hypertensive rats, oral administration of azelnidipine
(20 mgkg~! per day) did not affect urinary norepinephrine excretion,
whereas other antihypertensive drugs significantly elevated it despite
equal levels of antihypertensive doses,'® suggesting that antihyperten-
sive treatment with azelnidipine attenuates reflex-induced sympathetic
activation and reduces vascular resistance. Finally, azelnidipine has
more lipid solubility and selectivity for the vascular wall than older
generation CCBs.>?° It is retained in the vascular wall after clearance
from the blood, and therefore has a relatively longer effect on the
cerebral vessels. The above possible beneficial properties are not
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necessarily shared by all CCBs; hence, it is not a class effect, but
may be drug-specific effects of azelnidipine.

This is the first report of evaluating CBF by 3D-SRT in patients with
stroke who are treated with CCBs. In previous reports, the CBF study
was evaluated by other methods than 3D-SRT. So long as the ROIs
were manually selected, the obtained results fluctuated considerably
with subtle changes in their positioning, and it was possible to
overlook important information in an area where ROI was not set.
3D-SRT is a fully automated regional CBF quantification program and
compensates for the weakness of manual quantitative methods and
allows us to use universal ROIs, thus excluding subjectivity.!> With its
improved objectivity and excellent reproducibility, this 3D-SRT
method may detect solid results in this study.

There are several limitations to this study. First, this is an open-
label, single-arm, uncontrolled study. Owing to the ethical perspectives
concerning non-antihypertensive therapy in post-ischemic stroke
patients with hypertension, we were unable to create a control
group. Second, the number of enrolled patients is too small because
SPECT is too expensive to recruit a large number of patients. Third,
regarding the measurement of BP, ambulatory BP measurement was
not introduced in this study. It prevents the influence of white coat
hypertension during normal activities and can assess BP in the
nighttime and early-morning phases. Finally, PaCO, levels that
could influence on CBF were not measured during arterial blood
samplings. Because our patients did not have respiratory diseases and
have normal respiration during the test, we estimated that PaCO,
levels were in normal range and did not measure them. Despite such
limitations of this study, our results suggest that azelnidipine may have
a beneficial effect on serial CBF in hypertensive patients with ischemic
stroke.

In conclusion, in the chronic stage of ischemic stroke, azelnidipine
can safely decrease systemic BP without decreasing mean hemispheric
and regional CBE. These results suggest that azelnidipine may be
therapeutically useful for the treatment of hypertensive patients with
post-ischemic stroke.
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