LOW-DOSE 1-PA FOR BASILAR ARTERY OCCLUSION

Figure 1. Example of a patient with basilar ar-
tery occlusion with diffusion-weighted imaging
revealing early ischemic changes in the pons
(arvow; 2 points; A), left cerebellum (arrow; 1
point; A and B), midbrain (arrow; 2 points), right
posterior lobe (arrow; 1 point; C), and bilateral
thalamus (2 arrows; 1 + 1 = 2 points; C) infarc-
tion. The posterior circulation Acute Stroke Prog-
nosis Early Computed Tomography Score on
diffusion-weighted imaging was 2.

Org 10172 in Acute Stroke Treatment (TOAST) classifi-
cation.?

Outcomes included the following: (1) early neurologic
improvement (ENI; a reduction of =8 points from thebase-
line NIHSS score or a score of 0)*"%; (2) early neurologic
deterioration (END; an increase of =4 points from the
baseline NIHSS score) within the initial 24 hours®>*’; (3)
intracranial hemorrhage (ICH; a computed tomography—
proven hematoma); (4) symptomatic ICH (sICH; ICH
with an increase of =4 points from the baseline NIHSS
score) within 36 hours; (5) independence (modified
Rankin scale [mRS] score =2); and (6) death at 3 months.

One control group consisted of patients in the SAMU-
RAI rt-PA Registry who were diagnosed as having occlu-
sion of the trunk of the middle cerebral artery (MCA) or
its branches on the MRA conducted at admission (before
rt-PA infusion). Another control group consisted of stroke
patients with BAO who were treated with higher-dose IV
rt-PA (0.9 mg/kg alteplase) in the Basilar Artery Interna-
tional Cooperation Study (BASICS) and the Helsinki
Stroke Thrombolysis Registry (HSTR).>!*2

Statistical analysis was performed using JMP software
(version 9.0; SAS, Inc, Cary, NC). Baseline characteristics,
stroke features, and clinical outcomes were compared be-
tween patients with BAO and those with MCA occlusion
(MCO), between BAO patients with initial pc-ASPECTS
being more than the median value and those with pc-
ASPECTS being the median value or less, and between
BAO patients with and without recanalization of the
BA. These comparisons were performed using the Fisher,
unpaired £, and Wilcoxon tests as appropriate. Outcomes
were also compared after multivariate adjustment for sex,
age, and the initial NIHSS score (quartile). All statistical
tests were 2-sided, and P < .05 was considered statisti-
cally significant.

Results

Among the 600 consecutive patients in the SAMURAI
rt-PA Registry, 44 (7.3%) had occlusion at the vertebroba-
silar or posterior cerebral artery; of these, 25 patients
(4.2%; 8 women ranging from 32-92 years of age) had
BAO. BAO was identified on MRA in 18 patients, on
CTA in 3 patients, and on ultrasonography in 4 patients.

A group of 267 patients with MCO was used as conirols.
Table 1 shows baseline characteristics and stroke features
of BAO patients and MCO patients. Baseline NIHSS
scores were higher in BAO patients than in MCO patients
(P =.033). The most common stroke subtype was cardi-
oembolic in both patient groups.

Table 2 shows individual data regarding imaging find-
ings and outcomes in BAO patients. Of 20 patients under-
going pretreatment DWI (patients 1-20), acute ischemic
change was present in the pons or medulla in 11 (55%),
in the midbrain in 10 (50%), in the cerebellum in 10
(50%), in the thalamus in 8 (40%), and in the posterior
lobe in 2 (10%) patients. The median pc-ASPECTS score
was 7 (interquartile range [IQR] 5-8). Eighteen of 23 pa-
tients who underwent follow-up MRA (22 patients) or
DSA (1 patient) during acute hospitalization had partial
or complete recanalization. Of these, 9 patients were

Table 1. Baseline characteristics and stroke features

Basilar artery Middle cerebral
occlusion artery occlusion

No. of patients 25 267
Women, n (%) 8 (32) 107 (40)
Age, y, median (IQR) 74 (62.5-81) 74 (67-79)
Risk factors and
comorbidities, n (%)
Hypertension 16 (64) 160 (60)
Diabetes mellitus 5(20) 38 (14)
Dyslipidemia 5(20) 52 (19)
Previous ischemic 2(8) 42 (16)
stroke
Baseline NIHSS score, 16 (9-30.5) 14 (9-19)*
median (IQR)

Onset to treatment time, 150 (133-159) 139 (120-161)
min, median (IQR)
Stroke subtype, n (%)

Cardicembolic stroke 15 (60) 204 (76)

Large artery 4 (16) 26 (10)
atherosclerosis

Small artery occlusion 0 3D

Other 6 (24) 34 (13)

Abbreviations: IQR, interquartile range; NIHSS, National Insti-
tutes of Health Stroke Scale.
*P < 05 versus basilar artery occlusion.



Table 2. Imaging findings and outcomes in patients with basilar artery occlusion

Early ischemic changes Outcomes

Case Baseline  Poms or Posterior Recanalization of
no. Sex Age,y NIHSS medulla Midbrain Cerebellum Thalamus lobe pc-ASPECTS* basilar arteryt ENI END ICH 3M-mRS

1 M 64 9 10 +, <36 hrs + + 4
2 F 87 39 10 +, <36 hrs 5
3 M 81 9 + 9 +, atday 8 2
4 M 67 15 + 8 +, <36 hrs + 0
5 F 76 30 + + 8 +, atday 7 + 1
6 M 63 5 + 8 +, <36 hrs + +1 2
7 F 69 23 —+ 3 —, <36 hrs + 3
8 M 78 16 + 8 —, <36 hrs + 5
9 M 62 20 -+ + 7 +,atday 3 + 1
10 M 32 8 + + 7 +, <36 hrs 2
11 F 92 12 + + 7 +, <36 hrs + 4
12 F 81 39 + ++ 6 +, at day 12 + 2
13 M 87 19 + -+ 6 +, at day 2 + 4
14 F 62 27 + + +-+ 5 +, <36 hrs + 1
15 M 76 27 + + + 5 +, at day 6 + 2
16 F 38 35 + ++ + 5 +, at day 13 + 4
17 M 87 31 + + ++ 4 +, at day 6 + + 4
18 M 69 8 + + ++ + 4 —, <36 hrs + +1 5
19 M 71 4 + + ++ 4 —, at day 30 + 5
20 M 77 34 + + ++ ++ ++ 0 +, <36 hrs + 5
21 M 60 13 Pons andlor midbrain, bilateral cerebellum — +, <36 hrs 4
22 M 75 9 Pons andlor midbrain - Untested + + 4
23 M 42 14 Pons, bilateral cerebellum - +, at day 18 + 0
24 M 74 37 Pons, bilateral cerebellum, bilateral thalamus - Untested 6
25 F 33 15 Unidentified - ~, <36 hrs + 1

Abbreviations: + -+, positive early ischemic changes in bilateral regions; 3M-mRS, modified Rankin Scale score at 3 months; END, early neurologic deterioration; ENI, early neurologic improve-
ment; F, female; ICH, intracranial hemorrhage; M, male; NIHSS, National Institutes of Health Stroke Scale; pc-ASPECTS, posterior circulation Acute Stroke Prognosis Early Computed Tomography
Score.

For 5 patients who did not undergo pretreatment magentic resonance imaging scans (cases 21-25), distribution of outcome infarcts are listed in italics.

*Diffusion-weighted magnetic resonance imaging was used to assess pc-ASPECTS in this study.

t+and - indicate the presence or absence of recanalization at the described timing of angiography.

{Symptomatic ICH.
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diagnosed with recanalization within 36 hours of rt-PA
therapy. '

The changes in NIHSS scores in 25 BAO patients are
shown in Figure 2. Fourteen patients (64%) had ENI and
4 (16%) had END within the initial 24 hours. Outcomes
are summarized in Table 3. Within the initial 36 hours, 5
(20%) of 25 BAO patients developed ICH, including 2
(8%) with sICH. At 3 months, 11 (44%) showed indepen-
dence and 1 (4%) had died. When 2 patients with premor-
bid mRS scores =3 were excluded, independence was
achieved in 11 of 23 patients (48%). After multivariate ad-
justment, ENI was more common (odds ratio [OR] 2.50;
95% confidence interval [CI] 1.06-5.97), and END tended
to be more common (OR 3.13; 95% CI 0.81-10.25) in
BAO patients than in MCO patients.

Table 4 shows the relationship between imaging find-
ings and outcomes in BAO patients. Low pc-ASPECTS
tended to be associated with ENI (P =.092). The identifi-
cation of BAO recanalization was inversely associated
with END (P =.029).

AtZdh Ak discharge
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Finally, outcomes of the present BAO patients were
compared with those in the BASICS* and HSTR®
(Fig 3). Baseline characteristics of patients in those studies
are listed in Table 5. Independence was relatively more
frequent (44%, 34%, and 26%, respectively), mortality
was relatively less frequent (4%, 34%, and 41%, respec-
tively), and sICH was similarly frequent (8%, 6%, and
16%, respectively) in the present study when compared
with the other 2 studies. Recanalization of the BA was
identified in 67% of patients in the BASICS and in 60%
of patients in the HSTR at a median of 1 day after throm-
bolysis when compared with 78% in our study.

Discussion

This study investigated the effect of low-dose alteplase
for acute ischemic stroke associated with BAO. We found
that 56% of the patients had neurologic improvement,
16% had neurologic deterioration, 8% developed sICH
early after the therapy, and 44% achieved independence

Table 3. Clinical outcomes

BAO (n = 25) MCO (n = 267) OR (95% CI) P value
Early neurologic improvement, n (%) 14 (56) 78 (31) 2.50 (1.06-5.97) .036
Early neurologic deterioration, n (%) 4 (16) 18 (7) i 3.13 (0.81-10.25) .093
ICH, n (%) ’ 5(20) 62 (23) 0.71 (0.23-1.86) .501
Symptomatic ICH, n (%) 2(8) 12 (5) 2.27 (0.32-10.01) .360
Independence at 3 months, n (%)* 11 (48) 130 (52) 0.95 (0.35-2.56) 913
Death at 3 months, n (%) 14 15 (6) 0.57 (0.03-3.16) 571

Abbreviations: BAQ, basilar artery occlusion; CI, confidence interval; ICH, intracranial hemorrhage; MCO, middle cerebral artery occlusion;

OR, odds ratio.

Multivariate-adjusted by sex, age, and the baseline National Institutes of Health Stroke Scale score (quartile).
*Assessed for 23 BAO patients and 248 MCO patients with premorbid modified Rankin Scale score <2.
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Table 4. Relationship between imaging findings and outcomes in patients with basilar artery occlusion

pc-ASPECTS (n = 20)

Recanalization (n = 23)

>7 (median value) =7 Present Absent
Patient no. 8 12 18 5
Women, n (%) 3 (38) 4(33) 6 (33) 2 (40)
Age, y, median (range) 72.5 (64.8-80.3) 76.5 (63.8-87) 76 (32-92) 69 (33-78)
Initial NTHSS score, median (range) 15.5 (9-28.3) 23.5(9-33.3) 19.5 (5-39) 15 4-23)
ENI, n (%) 3 (38) 9 (715)* 12 (67) 1(20)
END, n (%) 3 (38) 2017 211 3 (60)t
ICH, n (%) 2(25) 207N 317 1 (20)
Symptomatic ICH, n (%) 1(13) 1(8) 1(6) 1 20)
Independency at 3 months, n (%)} 4 (50) 5 (42) 10 (59) 1(25)
Death at 3 months, n (%) 0(0) 0 (0) 0 ()

0O

Abbreviations: END, early neurologic deterioration; ENI, early neurologic improvement; ICH, intracranial hemorrhage; NIHSS, National In-
stitutes of Health Stroke Scale; pc-ASPECTS, posterior circulation Acute Stroke Prognosis Farly Computed Tomography Score.
Multivariate analysis cannot be assessed because of the small number of patients.

*05 < P < .1 versus “>7."
1P < .05 versus “present.”’

tAssessed for 23 basilar artery occlusion patients with a premorbid modified Rankin Scale score <2.

at 3 months. Because the present registry did not have un-
treated controls, results were compared with those from
patients with MCO from this registry who underwent
thrombolysis and with those from patients with BAO in
previous European studies (the BASICS®' and HSTR*?
studies).

When compared with patients in the BASICS® and
HSTR® studies, patients from the present study had rela-
tively lower initial NIHSS scores, relatively shorter onset
to treatment times, and a relatively higher frequency of
cardioembolism (Table 5). Such differences in baseline
conditions among studies may account for the higher per-
centages of BA recanalization and 3-month independence
in the present study relative to those in the other studies.
Studies of endovascular therapy indicate that early initia-
tion of thrombolysis is associated with a higher percent-
age of BA recanalization.”® Embolic BAO often occurs
at the distal segment of the BA, typically at the top of
the BA**3* and distal BAO is more easily recanalized
than proximal BAO.>#*1'32 In contrast, residual BA

CmRSY ZmRS1 ZmREZ CmRBS3 AmRS4 2mRSS AmRSS
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stenoses are often identified after thrombolysis in
atherothrombotic patients, which is associated with an
increased risk of recurrence of BAO.? IV rt-PA plus
continuous sonothrombolysis with microbubbles is
a promising strategy for early recanalization of BAOY; be-
cause it uses a transforaminal window, this strategy can
be implemented in Asian patients who tend to have
poor temporal bone windows.

Of note, mortality was much lower in our cohort than in
previous cohorts. Low-dose alteplase was associated with
a relatively lower incidence of sICH (8%), which may ac-
count for the improved mortality. In general, mortality af-
ter rt-PA was low, but patients with severe functional
damage were relatively frequent in the Japanese popula-
tion, 3% presumably because of the philosophy of
maintaining intensive therapy even for terminal patients
in Japan. Low-dose 11-PA for Japanese patients was asso-
ciated with similar or somewhat better chronic outcomes
when compared with regular-dose rt-PA for Western pa-
tients.

EICH -+ sICH -

Figure 3. Distribution of modified Rankin
Scale (mRS) score at 3 months (left) and symp-
tomatic intracranial hemorrhage (sICH) at 36
hours after intravenous recombinant tissue plas-
minogen activator (right). Abbreviations: BA-
SICS, Basilar Artery International Cooperation
Study; HSTR, Helsinki Stroke Thrombolysis
Registry; SAMURAI Stroke Acute Management
with Urgent Risk factor Assessment and Im-
provement recombinant tissue plasminogen acti-
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Table 5. Comparison of patient characteristics among 3 studies

SAMURAI (N = 25)

Design

Region

Period

Pretreatment vascular
examination

Definition of symptomatic
intracranial hemorthage

Baseline NIHSS score,
median (IQR)
Thrombolysis

Onset to treatment
Recanalization
Subtype or mechanism

Multicenter

Japan

2005-2008

MRA, DSA, and US

=4-point increase from the
baseline NITHSS score
within 36 hours

16 (9-30.5)

IVT 0.6 mg/kg alteplase
<3 hrs for all

78%
CES 60%, ATBI 16%

BASICS (N = 121) HSTR (N = 116)
Multicenter Single-center
Intemational Finland
2002-2007 1995-2008

MRA, CTA, and DSA

MRA, CTA, and DSA

Each investigators judgment ECASS I definition

21 (12-28) 23 (18)

IVT (0.9 mg/kg alteplase), including  IVT (0.9 mg/kg alteplase)
subsequent IAT (n = 41) 94%, 1AT 6%

<3 hrs for 55%; >9 hrs for 12% Median 8.7 hours

67% 65%

Embolic 40%, atherosclerotic 31%

CES 26%, ATBI 33%

Abbreviations: ATBI, atherothrombotic brain infarction; BASICS, Basilar Artery International Cooperation Study; CES, cardioembolic

stroke; CTA, computed tomography angiography; DSA, digital subtraction angiography; ECASS-II, European Co-operative Acute Stroke
Study-II; HSTR, Helsinki Stroke Thrombolysis Registry; IAT, intra-arterial therapy; IVT, intravenous thrombolysis; SAMURALI, Stroke Acute
Management with Urgent Risk factor Assessment and Improvement recombinant tissue plasminogen activator registry; US, carotid duplex ul-

trasonography.

In a study that compared early oiticomes after IV rt-PA
in BAO and MCO patients, median NIHSS score at 7 days
or at discharge was higher in BAO patients than in MCO
patients (14 v 6), although the baseline NIHSS score was
also higher in BAO patients (23 v 17).*® The present study
was the first comparison of long-term outcomes in BAO
and MCO patients. In our registry, approximately half
of patients achieved independence at 3 months in both
the BAO and the MCO groups. In addition, ENI was iden-
tified in more than half of BAO patients and was more
common than in MCO patients, although END was also
marginally more common in BAO patients than in MCO
patients. Consciousness and language ability comprise
a significant portion of the NIHSS score, and prompt re-
covery and fluctuation of consciousness after 1t-PA result
in ENI/END. Alteration of consciousness was actually
more common as an initial symptom in BAO patients
~‘than in MCO patients (75% v 39%; P < .001, data not
shown). These data indicate that low-dose rt-PA is simi-
larly effective in BAO and MCO patients in a Japanese
population.

Practical quantitative scoring of early ischemic change
in the posterior circulation is required to determine the
association between ischemic changes and clinical out-
comes. Originally, pc-ASPECTS for BAO patients was as-
sessed using CTangiography source images (CTA-SI).2**
DWI is considered the diagnostic standard in patients
with posterior circulation stroke.>* When compared to
CTA-SI, DWI does not need contrast medium and could
detect small ischemic lesions, which was proposed to
identify patients with BAO who potentially benefit from
thrombolysis.***! DWI was therefore used to assess

pc-ASPECTS in this study. In contrast to previous studies,
this study failed to show a positive relationship between
pc-ASPECTS on DWI and outcomes,*** possibly because
of the small number of patients and the differences
between CTA-SI and DWI. Although CTA-SI demarcates
irreversible infarct, DWI was sensitive to susceptibility
gradient and could cause susceptibility artifact especially
in the base of brain. In addition, because pc-ASPECTS is
semiquantitative, a subtle or patchy ischemic change
and extended change in the whole region of interest are
equally evaluated. Recently, another DWI-based score
was proposed for the BAO patients.*>*

This study has several limitations. First, this was a mul-
ticenter retrospective study including a relatively small
patient cohort, which could cause statistical bias. Second,
data were not available from BAO patients who did not
receive thrombolysis in the present registry. Third, the
timing of follow-up angiography to assess for the pres-
ence of recanalization was not uniform. Fourth, using
the same cutoff score of the difference between NIHSS
for ENI and END between BAO patients and MCO pa-
tients might not be appropriate, because we previously
reported that the NIHSS score appears to have limitations
with respect to its use when comparing the neurologic se-
verity of posterior circulation stroke and anterior circula-
tion stroke.**

In conclusion, the use of low-dose alteplase therapy re-
sulted in similar outcomes when comparing acute BAO
and MCO patients and was associated with relatively bet-
ter outcomes in BAO patients in the present study when
compared with previous studies of BAO patients. Al-
though BAO can be devastating disease, the early
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initiation of intravenous rt-PA can improve outcomes in
patients with acute BAO.
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Intravenous thrombolysis for patients with reverse MRA-DWI mismatch: SAMURAI and
NCVC rt-PA registries

Yuki Sakamoto, M.D. Masatoshi Koga, M.D. Kazumi Kimura, M.D. Kazuyuki Nagatsuka, M.D. Satoshi
Okuda, M.D. Kazuomi Kario, M.D. Yasuhiro Hasegawa, M.D. Yasushi Okada, M.D. Hiroshi Yamagami,
M.D. Eisuke Furui, M.D. Jyoji Nakagawara, M.D. Yoshiaki Shiokawa, M.D. Takuya Okata, M.D. Junpei
Kobayashi, M.D. Eijirou Tanaka, M.D. Kazuo Minematsu, M.D. Kazunori Toyoda, M.D.

Abstract

Background and purpose: Characteristics of reverse MRA-DWI mismatch, defined as large DWI
lesion despite absence of the major artery occlusion (MAO), remain unknown, especially in patients
treated with IV rt-PA. This study aimed to clarify the frequency, associated factors, and outcomes of
patients showing reverse MRA-DWI mismatch prior to IV rt-PA therapy.

Methods: From the multicenter (SAMURALI) and additional single-center (NCVC) rt-PA registries,
patients with the MCA territorial stroke were included. Early ischemic changes (EIC) were assessed
with the Alberta Stroke Program Early CT score (ASPECTS) on pretreatment DWI. MAO was defined
as ICA or M1 occlusion on MRA. Patients were divided into 4 groups: the large-EIC match (LM)
group (MAO, ASPECTS <7); the reverse mismatch (RMM) group (no MAO, ASPECTS <7); the
conventional mismatch (CMM) group (MAO, ASPECTS >7); and the small-EIC match (SM) group
(no MAO, ASPECTS 27). Outcomes included sICH per ECASS II criteria, and mRS 0-2 and death at
90 days. Multivariate backward stepwise logistic regression analysis was performed to identify
independent clinical characteristics (demographic factors, risk factors, stroke subtypes by TOAST
classification, and blood tests) associated with the reverse MRA-DWI mismatch and to compare the
outcomes among the 4 groups.

Results: Of the 486 patients (167 women, median age 74 years) enrolled, reverse MRA-DWI
mismatch was observed in 24 (5%, RMM group); 108 belonged to LM, 161 to CMM, and 193 to SM
groups. Among clinical characteristics, cardioembolism (RMM 92%, LM 76%, CM 69%, SM 49%)
was only independently associated with the RMM group (OR 5.49, 95%CI 1.25-24.1). Median initial
NIHSS score was 18 in RMM, 18 in LM, 13 in CMM, and 8 in SM (p<0.001). MRS 0-2 (RMM 54%,
LM 19%, CMM 46%, SM 69%) was more common in the RMM than the LM group (OR 4.02, 95%
CI 1.28-12.7). SICH (RMM 13%, LM 6%, CMM 2%, SM 2%) and death (RMM 8%, LM 12%, CMM
9%, SM 2%) were not different between the RMM and LM groups after multivariate analysis.
Conclusion: Reverse MRA-DWI mismatch was observed in 5% of patients eligible for rt-PA.
Cardioembolism was independently associated with reverse mismatch. Patients with reverse mismatch

may benefit from thrombolysis, compared to those with extensive EIC with MAO.
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Stroke is the most prevalent cardiovascular disease in Japan. This review introduces two epi-
demiologic studies and four registry studies of stroke in Japan. The Hisayama Study was be-
gun as a population-based prospective cohort study of cerebrovascular and cardiovascular
diseases in 1961 in the town of Hisayama. Most of the deceased subjects of the study un-
derwent autopsy examinations from the beginning of the study. Changes in stroke trends in
the last 50 years were clarified by comparison of data from different study cohorts regis-
tered every 13 to 14 years. The Suita Study was based on a random sampling of Japanese
urban residents. Several reports from this study showed the significance of pre-hyperten-
sion, as well as hypertension, as a risk factor for stroke by itself and in combination with
other underlying characteristics. In addition, the Japan Multicenter Stroke Investigators'
Collaboration (J-MUSIC), the Japan Standard Stroke Registry Study, the Fukuoka Stroke
Registry, and the Stroke Acute Management with Urgent Risk-factor Assessment and Im-
provement (SAMURAI) rt-PA Registry are explained as registry studies involving Japanese
stroke patients.
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Stroke is the most prevalent cardiovascular disease and the
most prevalent neurological disease in Asia.' Many countries in
East Asia and Southeast Asia have higher mortality rates from
stroke than from ischemic heart disease, the opposite of West-
ern countries.’ The prevalence of intracerebral hemorrhage
(ICH) and intracranial arterial sclerosis is another unique fea-
ture of Asian patients.* Among Asian countries, Japan was the
first to become an aging society; the others, in particular Korea,
have been rapidly approaching one. Thus, the epidemiclogic
characteristics of stroke in Japan seem to be good examples for
other countries,

In this review, epidemiological studies and patients’ registry
studies of stroke in Japan are briefly introduced.

The Hisayama Study was begun as a population-based pro-
spective cohort study of cerebrovascular and cardiovascular dis-
eases in 1961 in the town of Hisayama, a suburban community
adjacent to the Fukuoka metropolitan area, Kyushu, in western
Japan. Four study cohorts were established from Hisayama resi-
dents 240 years of age in 1961, 1974, 1988, and 2002 after
screening examinations. One of the strengths of this study is
that most of the deceased subjectsof the study underwent au-
topsy examinations from the beginning of the study (80% be-
tween 1962 and 1994),* and thus, the morphological features
of the brains examined by autopsy or brain imaging are available
for most of the stroke cases in each cohort. The study was initi-
ated to respond to the doubts of Western researchers in the pre-

Copyright. © 2013 Korean Stroke Society :

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-ne/3.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is propetly cited.

PR S S HIE SR S

—112—



CT era that the very high mortality from ICH in Japan might be
due to overdiagnosis of ICH. The autopsy results in the consec-
utive residents proved that the prevalence of ICH was not so
high as was believed by Japanese physicians but also showed that
ICH was still more common than ischemic stroke as a cause of
death in Japan*

Of'the many studies on stroke and other neurological diseas-
es including dementia, those on stroke incidence and mortality
are briefly introduced here, After 12-year follow-up for each of
the first three study cohorts, the age-adjusted incidences of total
stroke were 1,210 per 100,000 person-years for men and 598
for women in the first cohort (1961); they declined steeply in
both sexes from the first to the second cohort (1974) and then
declined relatively moderately in both sexes from the second to
the third cobort (1988, Figure 1).° Changes in the incidence
among cohorts differed greatly between ischemic stroke and
ICH. The incidence ofischemic stroke declined by 37% for men
from the first to the second cohort, while the incidence of ICH
declined by 61% for men. In contrast, the age-adjusted incidenc-
es of coronary heart disease were 340 per 100,000 person-years
for men and 113 per 100,000 person-years for women in the
first cohort, and they increased for both sexes in the newer co-
horts, although they were much smaller than the stroke inci-
dences in all of the cohorts. The ditferent tendencies in the chan-
ges inincidence between stroke and coronary heart disease seem
to be partly due to changes in prevalence of cardiovascular risk
factors among the three cohorts: severe hypertension and cur-
rent smoking became significantly less frequent, while glucose
intolerance, dyslipidemia, and obesity became more frequent.
Stroke mortality declined continuously as a result of changes in
stroke incidence and significant improvements in acute stroke
management; the age-adjusted stroke mortalities among the
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2 1. Age-specific incidences of stroke and coronary heart disease among
ﬂwe 3 coharts of the Hisayama Study, with 12-year follow-up in each cohort®

three cohorts were 634 (the first cohort: 1961), 232 (the second
cohort: 1974), and 138 (the third cohort: 1988) per 100,000
person-years, respectively, for men and 286, 162, and 102 per
100,000 person-years, respectively, for women,

Among the ischemic stroke subtypes, the age-adjusted inci-
dence of lacunar infarction declined significantly from the first
to the third cohort for both sexes (5.68 per 100,000 person-
years in the first cohort and 1.59 per 100,000 person-years in
the third cohort for men during the 13-year follow-up), whereas
the incidences of atherothrombotic and cardioembolic infarc-
tions did not change during this period.” As a result, the propor-
tion. of ischemic stroke subtypes differed greatly among the 3
cohorts; two-thirds of the male patients had lacunar infarction
in the first cohort, compared to two-fifths in the third cohort,
The high incidence in the first cohort and recent decline oflacu-
nar infarction were similar to those for ICH, suggesting that in-
tracranial small artery disease has been prevalent in the Japanese
population and that the effect of recent developments in pre-
ventive therapy, especially antihypertensive therapy, are protec-
tive from development of the small artery disease.

Of the 410 patients in the first cohort who developed first
ever stroke during 32-year follow-up, 108 (26%) experienced
recurrent stroke within 10 years after the index stroke.’ The cu-
mulative recurrence rates at 1, 5, and 10 years were: 10.0%, 34.1%,
and 49.7% after ischemic stroke; 25.6%, 34.9%, and 55.6% after
ICH; and 32.5%, 55.0%, and 70.0% after subarachnoid hemor-
thage (SAH), respectively.

Of'the 333 patients in the first cohort who developed first-ev-
er stroke during 26-year follow-up, 268 (80.5%) died within 10
years after the index stroke, of whom 239 (89.2%) underwent
autopsy examinations.” The risk of death was greatest in the first
year (men 40.3%; women 43.7%). The 30-day case fatality rate
was substantially greater in patients with ICH (63.3%) or SAH
(58.6%) than in patients with ischemic stroke (9.0%). The risk
of dying after the index stroke was twelve times higher during
the first year and two times higher during the overall 26-year
period as compared to the risk for stroke-free controls, The most
common cause of death was the index stroke in the first year,
and the impact of recurrent stroke increased gradually thereatter.

The Hisayama Study is one ofthe first sophisticated epidemni-
ological study and one of the most successful epidemiological
study of cerebrovascular and cardiovascular diseases in the world.
Several unique characteristics of Asian stroke patients were as-
certained by this study. The Hisayama Study is still developing
by expanding the target diseases into common nonvascular dis-
eases and by adding genomic information for the analysis.

—113—



Via. din Pade b
Yoo 1B/ Ne b

Following the Hisayama Study, several epidemiological proj-
ects on cerebrovascular and cardiovascular diseases were started
in Japan. Most of the study cohorts involved rural or suburban
residents, since they are likely to continue to live in the area. The
Suita Study was unique in that urban residents were registered,

Suita city, which contains the National Cerebral and Cardio-
vascular Center where the author works, is located adjacent to
Osaka city, which is the second largest metropolitan area in Ja-
pan. The Suita Study was based on a random sampling of 12,200
Japanese urban residents. At baseline, participants between the
ages of 30 and 79 years were randomly selected from the mu-
nicipality’s population registry and stratified into groups by sex
and age in 10-year increments in 1989, Of these, 6,485 people
underwent regular health checkups between 1989 and 1994
During an average 11.7-year (64,391 person-years) follow-up
period, 213 strokes, consisting of 141 ischemic stroke, 32 ICH,
22 SAH, and 18unclassified strokes, and 133 myocardial infarc-
tions were documented.'®"* Thus, the incidence of stroke did
not differ much as compared to that of myocardial infarction in
contrast to the high stroke incidence in the Hisayama Study
(especially in its first cohort; the age-adjusted incidence of total

stroke for menbeing 1,210 per 100,000 person-years and that of

coronary heart disease being 340 per 100,000 person-years), al-
though adjustments for age and other conditions are needed for
accurate comparison between the studies. These findings sug-
gest that the data from the Suita Study were influenced by the
Western lifestyle, particularly diet.

Among the many publications from the Suita Study, those on
the association between blood pressure (BP) levels and stroke
incidence are briefly introduced here. The association between
high-normal BP and cerebrovascular and cardiovascular disease
had not been well studied in the Asian population. The percent
ages of the participants with optimal, normal, and high-normal
BP and hypertension Stage 1 and Stage =2, according to the
ESH-ESC 2007 criteria, were 31%, 20%, 18%, 20%, and 11%
for men and 429%, 17%, 16%, 16%, and 9% for women, respec-
tively” Compared with the optimal BP group, the multivariate
hazard ratios (HRs) (95% confidence intervals [Cls]) of stroke
for normal and high-normal BP and hypertension Stage 1 and
Stage >2 were 2.12 (1.04 to 4.30), 2.43 (1.21 to 4.86), 2.62
(1.35t05.09),and 4.38 (2.24 to 8.56) inmen and 1.05 (0.49 to
2.24),1.29 (0.63t02.67), 1.21 (0.61 to 2.45), and 2.20 (1.07 to
4.50) in women, respectively; the risk of myocardial infarction
for each BP category was similar to that of stroke. Population-
attributable fractions of high-normal BP and hypertension for
combined stroke and myocardial infarction were 12.2% and

35.3% in men and 7.1% and 23.4% in women, respectively (Fig-
ure 2). These findings indicate the significance of pre-hyperten-
sion as a vascular risk factor and the necessity for pre-hyperten-
sive patients to attempt to control BP through lifestyle modifi-
cations.

The combined impacts of BP categories and other risk factors
were also thoroughly investigated in the Suita Study. A study on
glucose abnormalities and that on chronic kidney disease (CKD)
are summarized.'"'? The percentages of subjects with normo-
glycemia, impaired fasting glucose, and diabetes mellitus, de-
fined according to the 2003 American Diabetes Association
recommendations, were 59%, 35%, and 6% for men and 75%,
21%, and 4% for women, respectively’* Compared with nor-
moglycemic subjects, the multivariate HRs (95% Cls) for stroke
were 1.11 (0.81-1.52) in individuals with impaired fasting glu-
cose and 2,08 (1.29-3.35) in individuals with diabetes mellitus,
Compared with normoglycemic and optimal BP subjects, in-
creased risks of combined stroke and coronary heart disease
were observed in the normoglycemic subjects with high-normal
BP or hypertension, in impaired fasting glucose subjects with
normal or higher BP, and in diabetic subjects regardless of BP
category (P-value for interaction=0.046). The percentages of
CKD subjects, defined as an estimated glomerular filtration rate
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@ % The HRs and positive fractions attributable to exposure to each blood
pressure category at baseline for cardiovascular disease (including stroke): the
Suita Study. The gray area displays the excessive incidence of CYD due to nor-

mal and high-normal blood pressures and hypertension stages 1 and 22 {From
reference 10 with permission).
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