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Abstract
Background/Aims: The aim of this study is to clarify the re-
lationship between lesion detectability by diffusion-weight-
ed magnetic resonance imaging (DWI) and the etiology of
transient ischemic attacks (TIAs). Methods: A retrospective
study was performed on 72 patients with carotid TIAs who
underwent DWI studies within 2 weeks after the last epi-
sode. Results: Lesions were detected in 24 of 72 patients
(33%). The detectability of lesions was 12% (3/25) in the
large-artery atherosclerosis (LA) group, 57% (8/14) in the car-
dicembolism (CE) group, 8% (1/13) in the small-artery occlu-
sion (SA) group, and 60% (12/20) in the other etiology or un-
determined etiology (UD) group. Detectabilities in the CE
group and the UD group were higher than those in the LA
and SA groups. Of 24 patients with DWI-positive lesions, 17
(719%) had embolic sources in the heart; 9 were classified in
the UD group because they had embolic sources both in the
heart and large artery. Conclusion: Ischemic DWI lesions in
TIAs are most likely caused by a cardioembolic mechanism.
In TIA patients showing lesions on DWI, heart disease should
be surveyed as the possible embolic source.
Copyright © 2007 5. Karger AG, Basel

Introduction

According to the Ad Hoc Committee on classification
of cerebrovascular disease of 1975, transient ischemic at-
tacks (TIAs) are defined as ischemic cerebrovascular dis-
ease in which focal cerebral dysfunction resolves within
24 h [1). It has been known for years that CT or T;- and
T,-weighted magnetic resonance imaging (MRI) may oc-
casionally depict small ischemic lesions in TIA patients
[2-7]. More recently, diffusion-weighted imaging (DWI)
has made it possible to demonstrate ischemic lesions in
TIA patients with relatively high frequency [8]. Several
studies have shown that the detectability of DW1 lesions
in TIA patients increases in correlation with the duration
of TIA symptoms. However, clarification as to whether
the detectability of DWI lesions is related to the etiology
of TIA is still lacking. In the majority of previous studies
reporting DW1 detectability of TIA lesions, both types of
TIAs - in the carotid artery territory and the vertebral
artery territory - were included indiscriminately. This
makes accurate evaluation of TIA duration difficult,
since onset and end of symptoms are often obscure in a
vertebral artery territory TIA. Therefore, we included
only patients with carotid TIA in the present study, ex-
amining the relationship between the etiology of TIA and
the detectability of DW1 lesions.
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Subjects and Methods

A retrospective analysis was performed on 72 patients with
carotid TIA who were admitted to our department during the in-
terval from May 1998 to July 2005, and who underwent DW1 stud-
ies within 14 days of symptom onset after the last TIA. Fifty-two
patients were male. The mean (* SD) age of patients was 69 £ 10
years. Patients with isolated amaurosis fugax were excluded. MRI1
was performed using a Siemens Magnetom Vision 1.5-tesla MR
unit. DWI scanning was performed with a single-shot, multislice
spin echo and echo planar imaging sequence. DWI parameters
comprised: TE = 123 ms; FOV =23 X 23 cm; matrix= 128 x 200,
and slice thickness = 4 mm. Diffusion gradients were apglied in
the through-plane direction with a b value of 1,100 s/mm?. Since
1999, imaging parameters have been changed to TE = 100 ms and
matrix = 98 X 128, Diffusion gradients were applied in each x, y,
and z direction with b values of 1,000 s/mm’, and trace imaging
was calculated. Conventional MRI studies included T,-weighted
(TR/TE: 630/14) and T;-weighted (TR/TE: 5,400/99) images, and
fluidattenuation inversion recovery (TR/TE/TE: 9,000/105/2,400)
images were obtained when required.

We assessed whether each patient had ischemic lesions and/or
arterial disease compatible with symptoms by reviewing DW1
films and the results of conventional cerebral angiography, MR
angiography, and carotid ultrasonography. We assessed the pres-
ence or absence of cardiac embolic sources based on 12-lead ECG
findings, transthoracic and/or transesophageal echocardiogra-
phy and, when required, 24-hour ECG monitoring. Referring to
the TOAST classification [9], all patients were classified into four
groups: large-artery atherosclerosis (LA) group, cardioembolism
(CE) group, small-artery occlusion (SA) group, and other etiology
or undetermined etiology (UD) group. The LA group included
patients with more than 50% stenosis of intracranial or extracra-
nial large arteries or with a complicated lesion of more than 3.5
mm in the aortic arch based on findings of conventional cerebral
angiography, MR angiography, carotid ultrasonography and
transesophageal echocardiography. Patients in this group should
not have had significant heart disease. The CE group included
patients with significant heart disease that can become an em-
bolic source, such as mechanical prosthetic valves, mitral stenosis
with atrial fibrillation, atrial fibrillation, left atrial/atrial append-
age thrombus, sick sinus syndrome, recent myocardial infarction
within 4 weeks prior to the study, left ventricular thrombus, di-
lated cardiomyopathy, akinetic left ventricular segment, atrial
myxoma, infective endocarditis or patent foramen ovale with pe-
ripheral thrombus but without LA. The SA group included pa-
tients who had neither significant heart disease nor LA, nor other
evidence of disease. The TIA symptoms in this group should have
corresponded to any of the traditional clinical lacunar syndromes
and should not have been associated with cortical symptoms. The
UD group included patients who could not have been classified
into other groups because of the following reasons: (1) they had
other causes of cerebral ischemia, such as dissection of cervical/
cranial arteries, vasculitis or hypercoagulopathy, (2) they had cor-
tical symptoms in spite of an absence of association with signifi-
cant heart disease, large-artery lesions or evidence of other dis-
eases, and (3) they had both significant heart disease and more
than 50% stenosis in a large artery or aortic complicated lesions
greater than 3.5 mm, This classification was made by mutual
agreement by three neurologists. We also examined the duration
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of TIA symptoms and the time from onset of TIA to DW1 in each
patient. Furthermore, we reviewed the correlation between these
factors and the detectability of lesions. We also studied whether
patients had risk factors for atherosclerosis such as hypertension,
diabetes mellitus, hyperlipidemia and smoking, and whether they
had a history of cerebral infarction.

Statistical Analysis

Statistical analysis was performed using a commercially avail-
able software package (Statview, version 5, SAS Institute Inc,,
Cary, N.C,, USA). Data were expressed as means * SD. The level
of p<0.05 was determined to indicate statistical significance. We
statistically compared the four groups as classified above using
one-way factorial ANOVA or the Kruskal-Wallis test.

The table of baseline patient characteristics was analyzed us-
ing the Yates corrected x* or Fisher test, as appropriate.

Results

Twenty-four of 72 patients (33%) had small ischemic
lesions on DWI. There was no significant difference in
baseline characteristics between patients with positive
DWT lesions and those with negative DW1 lesions (ta-
ble 1). As shown in table 2, the duration of symptoms was
significantly longer in patients with positive DW1 lesions
(4.0 % 5.1 h) than in those with negative DW1 lesions (1.4
* 2.5 h) (p <0.01). The time from TIA onset to DWI
study was also significantly longer in patients with posi-
tive lesions (4.5 * 4.1 days) than in those with negative
lesions (2.0 * 3.2 days) (p <0.01). The detectability of le-
sions increased in correlation with the duration of TIA
symptoms, as shown in figure 1. The detectability of le-
sions was also influenced by time from TIA onset to DW1,
as follows: detectability was 14% (4/29) in the group un-
dergoing DWT at 0-12 h after TIA, 33% (5/15) in the
group undergoing DWT at 12-24 h after TIA, 43% (3/7)
in the group undergoing DW1 at 1-3 days after TIA, 60%
(6/10) in the group undergoing DWI at 3-7 days after
TIA, 57% (4/7) in the group undergoing DW1at 7-10 days
after TIA, and 50% (2/4) in the group undergoing DWI
at 10-14 days after TIA. Thus, the detectability of lesions
was somewhat lower in patients undergoing DWI within
24 h after TIA than in those undergoing DW1 more than
24 h after TIA.

Cerebral angiography was carried out on 25 patients,
MR angiography on 58 patients, carotid ultrasonography
on 71 patients, transthoracic echocardiography on 58 pa-
tients and transesophageal echocardiography on 60 pa-
tients, The type of etiology was classified as LA group, 25
patients; CE group, 14 patients; SA group, 13 patients, and
UD group, 20 patients. The breakdown of the 20 patients
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Fig. 2. Details of 24 TIA patients with
DWI-positive lesions. a 83% of DW1-posi-
tive patients belong to the CE or UD
groups. b 71% of DWI-positive patients
have heart disease, either independently or
in association with other etiologies.
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in the UD group was as follows: (1) 1 patient with both
antiphospholipid antibody syndrome and a significant
lesion in a large artery, and 1 other patient with cervico-
cranial dissection and significant atherosclerotic lesions
in a large artery, (2) 2 patients with cortical symptoms in
association with no abnormality in the heart, large artery
and other tests, and (3) 16 patients with both significant
heart disease and significant stenotic lesions in large ce-
rebral arteries and/or aorta. As shown in table 3, the de-
tectabilities of lesions in the CE group (57%) and the UD
group (60%) were significantly higher as compared with
those in the LA group (12%) and the SA group (8%).
The duration of symptoms in the CE group was some-
what longer than in the other three groups, although the
difference was not significant (table 3). Time from TIA
onset to DWI was somewhat longer in the CE and UD

Eur Neurol 2008;59:38-43

groups as compared with the other two groups. How-
ever, results of one-way factorial ANOVA indicated that
there was no significant difference in time from TIA to
DWI studies between the groups (table 3). DWI studies
were performed within 24 h after TIA in 39 patients and
more than 24 h after TIA in 33 patients. Percentages of
patients undergoing DWI studies within 24 h after TIA
were 64% (16/25) in the LA group, 50% (7/14) in the CE
group, 62% (8/13) in the SA group, and 40% (8/20) in the
UD group. There were no significant differences in the
frequency of early DW1 studies between the four groups
(Kruskal-Wallis test). The CE and UD groups had high-
er lesion detectability irrespective of time from TIA to
DWI studies.

A total of 14 patients had multiple lesions on DW1. The
frequency of multiple lesions in each group was as fol-
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Table 1. Baseline patient characteristics

Table 3. Comparison of four TIA groups

DWI positive DWI negative LA CE SA uD
(n=24) (n=48) (n=25) (n=14) (n=13) (n=20)
Age, years 68 %10 69%10 Positive DWI1 lesions 3 (12) 8(57)' 1(8) 12 (60)"
Male gender 18 (75) 34(71) Duration of
Hypertension 15 (63) 34(71) symptoms, h 15230 38%52 17128 25139
Diabetes mellitus 4(17) 10(21) Time from T1A
Hypercholesterolemia 9(38) 21 (44) to DWI, days 1826 36%41 26%45 3.6%41
Smoking 13 (54) 31(65)
History of stroke 1(4) 8(17) Figures in parentheses indicate percentages.

Figures in parentheses indicate percentages.

Table 2. Duration of symptoms and time to MRI studies in DWI-
positive and DWI-negative patients

! The frequency of DWI-positive lesions is significantly high-
er in the CE and the UD groups as compared with the LA and SA
groups (p < 0.05),

Table 4. The type of heart diseases and lesion detectability in the
CE group

DWI positive  DWI negative

1.4x25
20%32

40£5.1*
45%41"

Duration of symptoms, h
Time from TIA to MRI, days

* p < 0.01: significantly longer as compared with the diffusion-
negative patients.

lows: in the LA group, 2 of 3 patients with positive lesions
(67%) had multiple lesions; the number of lesions was 3
and 5, respectively. In the CE group, 3 of 8 patients (38%)
had multiple lesions; the number of lesions was 3 in 2
cases and 4 in the other. In the SA group, 1 positive pa-
tient had only a single lesion (0%). In the UD group, 9 of
12 patients (75%) had multiple lesions; the number of le-
sions was 2in 5 cases, 3 in 3 cases and 6 in the remainder.
Thus, no remarkable relationship was observed between
the number of lesions and the etiology.

Of all 24 patients with ischemic lesions on DWI, 8 pa-
tients (33%) belonged to the CE group, 12 patients (50%)
to the UD group, 3 patients (13%) to the LA group, and 1
patient (4%) to the SA group (fig. 2). Of the 12 patients
with positive DW1 lesions who belonged to the UD group,
9 had significant heart disease in association with signif-
icant large-artery lesions. Thus, of all 24 patients with
ischemic lesions on DWT, 17 patients (71%) had significant
heart disease either independently or concomitantly with
large-artery lesions (fig. 2). In the CE group, 5 of 7 patients
with atrial fibrillation had positive DW1 lesions (table 4).

Diffusion MRI and TIA

Type of heart diseases DWI DWI
positive negative
Atrial fibrillation 5 2
Mechanical prosthetic valve 1 1
Akinetic left ventricular segment 2 0
Sick sinus syndrome 0 1
Patent foramen ovale with
peripheral thrombus 0 2
Discussion

In recent years, quite a few studies have reported the
presence of ischemic lesions on DWI following TIA. In
these previous studies, the detectability of TIA lesions on
DWT ranged from 20 to 70% (8, 10-16]. Detectability in
the present study was 33%, showing a somewhat lower
value as compared with previous studies. This may be
partly related to the difference in the timing of DWT ex-
aminations between the present study and the previous
studies. In the present study, approximately 54% of pa-
tients underwent DWT within 24 h after TIA onset; the
detectability in these patients was low, at 21%. On the
other hand, in most previous studies the majority of TIA
patients underwent DWI examinations more than 24 h
after TIA onset. When we calculated only the detectabil-
ity of lesions in our patients undergoing DWI more than
24 h after TIA onset, the detectability increased to 48%,
showing similar values to those reported in previous
studies. The above-mentioned reasoning can also be in-
ferred from the study of Rovira et al. [10]. In their study,
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only 9% of patients underwent DWI within 48 h after
TIA, and the detectability of lesions in the entire group
showed a high value, reaching 67%. In a transient isch-
emia experiment using rats, the value of the average ap-
parent diffusion coefficient decreased significantly dur-
ing the ischemic period and then normalized at 60-90
min after ischemia, followed again subsequently by a sig-
nificant reduction more than 12 h after ischemia [17]. As
confirmed in the above experiment, the detectability of
lesions on DW1 may decrease for a while after a short pe-
riod of transient cerebral ischemia, and may increase
thereafter, although the mechanisms remain unclear.
Kidwell et al. [8] first pointed out that the detectability of
lesions on DW 1 in patients with TIA increases in correla-
tion with the duration of symptoms. Since then, similar
results have been reported by several authors. In the study
by Rovira et al. [10], the detectability of lesions in TIA
patients with symptoms lasting less than 6 h was 59%,
whereas the value was 100% in patients with symptoms
lasting more than 6 h. Crisostomo et al. [11] reported that
the detectability of lesions in patients with symptoms
lasting more than 1 h was significantly higher as com-
pared with patients with symptoms lasting less than 1 h.
Inatomi et al. [12] also reported that the detectability of
lesions was significantly higher in TIA patients with
symptoms lasting more than 30 min than in those with
symptoms lasting less than 30 min. In our study, the de-
tectability of lesions also tended to increase according to
the increase in TIA duration.

Previously, few workers performed detailed investiga-
tions on the relationship between the detectability of
DWI lesions and the etiology of TIA. Rovira et al. [10]
reported that the detectability of DWT lesions was higher
in TIA patients with large-artery lesions than in those
with cardiac lesions. However, the report lacks credibili-
ty, since the number of patients in their study was small;
only 4 patients had cardiac lesions, whereas 19 patients
had large-artery lesions. Nakamura et al. [16] reported
higher detectability of DWT lesions in TIA patients with
atrial fibrillation as compared with those without atrial
fibrillation. However, they focused only on atrial fibrilla-
tionand did not clarify DWI detectability in TIA patients
without atrial fibrillation who had other types of heart
diseases. In the present study, the presence or absence of
large-artery lesions and/or cardiac disease was surveyed
in a retrospective manner reviewing the results of con-
ventional cerebral angiography, MR angiography, carotid
ultrasonography, 12-lead ECG, transthoracic or trans-
esophageal echocardiography, and 24-hour ECG moni-
toring. The patients were then classified into four groups

42 Eur Neurol 2008;59:38-43

according to the etiology of TIA, such as LA, CE, SA and
UD groups. The results indicated that the detectability of
lesions in the CE group and the UD group was higher
than that in the other groups. Time from TIA to DWI
studies was almost the same in the four groups. Lesion
detectability was higher in the CE and UD groups than
in the other groups, even when the comparison among
the subgroups undergoing DWI studies had been made
within 24 h after TIA onset. Therefore, the higher detect-
ability in the CE and UD groups is unrelated to time from
TIA to DWI studies. The mean duration of TIA symp-
toms in the CE group was more than 3 h, which was the
longest of all the groups. In general, cardioembolic stroke
produces severer symptoms than artery-to-artery embol-
ic stroke. This may be attributable to the fact that emboli
originating in the heart tend to occlude larger blood ves-
sels for longer durations as compared with artery-to-ar-
tery emboli. This is probably also true in cases of TIA.
Microemboli originating in the heart likely occlude larg-
er blood vessels for longer durations as compared with
artery-to-artery microemboli. Accordingly, ischemic du-
ration may be longer in TIA patients with heart disease
than in those with other types of etiology, and ischemic
lesions may be larger in TIA patients with heart disease
than in those with other types of etiology. Probably for
such reasons, ischemic lesions in cardioembolic TIA may
be more readily found on DWI than those in other types
of TIA. In the present study, 16 of 20 patients in the UD
group had heart disease, and 9 had ischemic lesions on
DWTL. In these 9 patients, TIA was most likely caused by
a cardioembolic mechanism rather than another type of
etiology. Johnston et al. [18] conducted a follow-up study
in 1,707 patients with TIA for 90 days. In their study,
10.5% of patients developed cardioembolic stroke during
the follow-up period, and approximately half of them had
stroke within 48 h after TIA. Thus, cardioembolic stroke
may occur soon after TIA ata considerably high frequen-
cy. A DWI study is considered useful to evaluate etiolog-
ical mechanisms of TIA. If ischemic lesions are detected
on DWI, the presence of heart disease should be suspect-
ed, and appropriate medication should be considered to
prevent cardioembolic stroke.

Acknowledgement

This work was supported by a Research Grant for Cardiovas-
cular Diseases (18C-2) funded by the Japanese Ministry of Health
and Labor.

Uno/Taguchi/Oe/Nagano/Yamada/
Moriwaki/Naritomi

277



[

wn

>

~3

References

Ad Hoc Committee on Cerebrovascular Dis-
ease: A classification and outline of cerebro-
vascular disease. Part 2. Stroke 1975;6:564-
616,

Ladurner G, Sager WD, Iliff LD, Lechner H:
A correlation of clinical findings and CT in
ischemic cerebrovascular disease. Fur Neu-
rol 1979;18:281-288,

Dévalos A, Matias-Guiu ], Torrent O, Vilas-
eca |, Codina A: Computed tomaography in
reversible ischaemic attacks: clinical and
prognostic correlations in a prospective
study. | Neuro] 1988;235:155-158.

Calandre L, Gomara 5, Bermejo F, Millan
IM, del Pozo G: Clinical-CT correlations in
TIA, RIND, and strokes with minimum re-
siduum, Stroke 1984;15:663-666.
Bogousslavsky ], Regli F: Cerebral infarctin
apparent transient attack. Neurology 1985;
35:1501-1503.

Perrone P, Candelise L, Scotti G, De Grandi
C, Scialfa G: CT evaluation in patients with
transient ischemic attack. Correlation be-
tween clinical and angiographic finding

L=

Kidwell CS, Alger JR, Di Salle F, Starkman §:
Diffusion MRI in patients with transient
ischemic attacks. Stroke 1999;30:1174-1180.
Adams HP |r, Bendixen BH, Kappele L], Bill-
er |, Love BB, Gordon DL, Marsh EE; the
TOAST Investigators: Classification of sub-
type of acute ischemic stroke: definition for
use in a multicenter clinical trial. Stroke
1993;24:35-41.

Rovira A, Rovira-Gols A, Pedraza §, Grivé E,
Molina C, Alvarez-Sabin |:  Diffusion.
welghted MR imaging in the acute phase of
transient ischemic attacks. AINR Am | Neu-
roradiol 2002;23:77-83.

Crisostomo RA, Garcia MM, Tong DC: De-
tection of diffusion-weighted MRI abnor-
malities in patients with transient ischemic
attack. Correlation with elinical characteris-
tics. Stroke 2003;34:932-937,

Inatomi Y, Kimura K, Yonehara T, Fujioka §,
Uchino M: DW1 |Imonmlum and climal
characteristics in TIA p ts. Neurology

14

Engelter ST, Provenzale JM, Petrella JR, Al-
berts MJ: Diffusion MRI imaging and tran-
sient ischemic attacks. Stroke 1999;30:2762-
2763

Bisschops RHC, Kappelle L], Mali WPTM,
van der Grond |: Hemodynamic and meta-
bolic changes in transient ischemic attack
patients. A magnetic resonance angiography
and 'H-magnetic resonance spectroscopy
study performed within 3 days of onset of a
transient ischemic attack. Stroke 2002;33:
110-115.

Nakamura T, Uchiyama 5, Shibagaki Y, Iwa-
ta M: Ahnorm;litin on dlﬂuuicm mighled

with mm.ienl ischemi: attack. ('Jin Neurol
2003;43:122-125.

Li F, Silva MD, Sotak CH, Fisher M: Tempo-
ral evolution of ischemic injury evaluated
with diffusion-, perfusion-, and T,-weighted
MRI. Neurology 2000:54:689-696,

Johnston SC, Gress DR, Browner WS, Sidney

2004:62:376-380.
Takay H, Mihara B, Kobayashi M, Ho-

Eur Neurol 1979;18:217-221.

Fazekas F, Fazekas G, Schmidt R, Kapeller P,
Offenbacher H: Magnetic resonance imag-
ing correlates of transient cerebral ischemic
attacks. Stroke 1996;27-:607-611.

Diffusion MR1 and TIA

zumi A, Sadanaga H, Gomi 5: Usefulness of
diffusion-weighted MR1 in the diagnosis of
transient ischemic attacks (in Japanese). No
To Shinkei 2000;52:919-923.

$: Short-term prognosis after emergency de-
partment diagnosis of TIA. JAMA 2000;284:
2901-2906.

Eur Neurol 2008;59:38-43

278

43



S. Saro, MD

K. Toyoda, MD

T. Uchara, MD

N. Toratani, MD
C. Yokota, MD

H. Moriwaki, MD
H. Nantomi, MD
K. Minematsu, MD

Address correspondence and
reprnt requests o Dr. Kazunon
Toyoda, Cerchrovascular
Division, Department of
Medicne, Nanonal
Cardiovascular Center, 5-7-1
Fujishirodai, Swita, Osaka 565-
B565, Japan

toyodatdhsp. neve.gouip

Baseline NIH Stroke Scale Score

predicting outcome in anterior and

posterior circulation strokes
ey

ABSTRACT

Objective: The NIH Stroke Scale (NIHSS) may not appropriately assess the spectrum of posterior
circulation (PC)-related neurologic deficits. We determined the cutoff baseline NIHSS score that
predicts independent daily life activity during the chronic stage in anterior circulation (AC) vs PC
ischemic strokes

Methods: A total of 310 consecutive patients hospitalized within 3 days after the onset of an
ischemic stroke were prospectively enrolled in the study. Patients on thrombolytic therapy were
excluded. In all patients, infarcts and vascular lesions were identified primarily using magnetic
resonance techniques. A favorable outcome was defined as a modified Rankin Scale score of =2
at 3 months poststroke

Results: In 101 patients with PC stroke, the total baseline NIHSS score was lower (p < 0.001),
and the subscores of ataxia (p < 0.001) and visual fields ([p = 0.043) were higher than in 209
patients with AC stroke. Multivariate-adjusted OR for the favorable outcome in patients with PC
vs AC stroke was 2.339 (95% Cl 1.331-4.109, p = 0.003). A low baseline NIHSS score was
independently predictive of a favorable outcome in both patients with PC (OR 1.547, 95% ClI
1.232-1.941) and AC (1.279, 1.188-1.376) stroke. The optimal cutoff scores of the baseline
NIHSS for the favorable outcome were =5 for patients with PC stroke (sensitivity, B4%; specific-
ity, B19%) and =8 for patients with AC stroke (sensitivity, B0%; specificity, 82%).

Conclusions: The cutoff score of the baseline NIH Stroke Scale NIHSS) for a favorable chronic
outcome was relatively low in patients with PC stroke compared to patients with AC stroke. The
NIHSS appears to have limitations with respect to its use when comparing the neurologic severity
of PC and AC stroke. Neurology 2008;70:1-1

GLOSSARY

AC = anterior circulation; AUC = area under the ROC curve; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale:
OCSP = Oxfordshire Community Stroke Project; PC = posterior circulation; ROC = recelver operating characteristic; rt-PA =
recombinant tissue plasminogen activator; TOAST = Trial of ORG 10172 in Acute Stroke Treatment

The NIH Stroke Scale (NIHSS) is a neurologic severity scale that is valid, reliable, and
reproducible'; it is commonly used in many clinical trials dealing with medical therapy
for acute stroke. ™ Baseline NIHSS scores on admission are associated with chronic func-
tional outcome,** hospital disposition after stroke,”'” infarct volume, and angiographic
findings.'""

In the Trial of ORG 10172 in Acute Stroke Treatment (TOAST), the baseline NIHSS
score was lower in patients with posterior circulation (PC) stroke than in patients with
anterior circulation (AC) stroke.' In a single-center study of Chinese patients with
stroke, a severe baseline NIHSS score (=9) was less frequent in patients with PC stroke
than in patients with other stroke subtypes determined according to the Oxfordshire
Community Stroke Project (OCSP) classification.” These results foretell that the long-
term chronic outcome was also better in patients with PC stroke than in patients with AC
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stroke. In fact, in the TOAST study, a fa-
vorable outcome at 3 months was more
common in patients with PC stroke than in
patients with AC stroke, although the out-
come was no longer different after adjust-
ing for confounders, including the baseline
NIHSS score." It has been reported that a
favorable outcome was more common in
patients with PC stroke (71%) than in pa-
tients with a partial (38%) or a rotal (3%)
AC stroke.'® These studies using quant-
tative scales have shown rthar, unlike
whart has previously been thought,"” pa-
tients with PC stroke do not have a
poorer prognosis than patients with AC
stroke. However, these results highlight
the important issue of whether the
NIHSS is valid for comparing the neuro-
logic severity of AC and PC stroke.

To resolve this issue, we assessed the
NIHSS score on admission and the chronic
outcome at 3 months, as well as the under-
lying clinical characteristics, of consecutive
patients with stroke in a single stroke cen-
ter. The aim of the present study was to
compare how the baseline NIHSS score
predicts chronic outcome in AC and PC
ischemic stroke.

METHODS The study had a prospective abservational co-
hore design. Patients who were admitted to our stroke center
from 1D ber 2004 tf igh D ber 2005 were lled
A total of 387 consecutive patients with acute ischemic
stroke who were hospitalized within 3 days after symptom
onset were registered. OF them, the following 77 patients
were ineligible and were excluded from the study: 1) those
receiving intra-arterial (3 patients) or IV (7 patients) throm-
bolytic therapy (all for the AC stroke); 2) those who were
Jcpl.'l‘ldrm with FESPECt 1o their activities of dallr ]i\f|n|: prior
to the stroke (corresponding to a modified Rankin Scale
[mRS| score of = 3: 29 patients); 3) those with fresh ischemic
lesions in both AC and PC territories (29 patients); 4) those
with no relevant ischemic lesion on brain imaging (9 pa-
tients). The Regional Ethics and Hospital Management
Committees approved the study, Written informed consent
to participate in the study was obtained from the patient
whenever possible; assent from a relative was obtained if

paticnts could not consent themselves,

Baseline data were collected for all eligible patients, in-
cluding gender, age, comorbidities, and neurologic deficits
using the NIHSS on admission, The NIHSS subitems were
also analyzed. The functional outcome was assessed ar 3
d by clinical ¢
(or by a mail-in survey for patients with too severe neuro-
logic deficits to visit the clinic). A favorable outcome was

months using the mRS d

defined as a mRS score of 0 to 2 (patients can look after their
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own affairs without assistance). The outcome corresponding
to mRS score of D to | (patients can carry out all usual duties
and activitics) was also assessed. Death was coded as mRS 6.
All patients had 12-lead electrocardiography, 72-hour elec-
teocardiography monitoring, and transthoracic or trans-
esophageal echocardiography. The location of infarcrs was
principally verified by diffusion-weighted MRL. In 11 pa-
tients for wham MRI was contraindicated, the fresh infarcy
was identificd using repeated CT, In all patients, vascular
lesions were verified by MRA (unless contraindicated) and
carotid duplex sonography; conventional angiography was
performed if needed, Stroke subtype was classified according
to the TOAST categories.”

Startistical analysis was performed using the SPSS 11.0]
statistical software package (SPSS Inc.). Between patients
with AC and PC stroke, baseline clinical characreristics were
compared using x° tests and unpaired ¢ rests, and NIHSS
subscores were analyzed using the Mann-Whitney U rest.
OR for the favorable functional outcome in overall parients,
corresponding to the mRS score of 0 to 2, according to the
location of infarcts was determined using univariate or mul-
tivariate logistic regression analyses after adjustment for ape,
gender, and stroke subtypes (established clinical determi-
nants of the stroke outcome). The baseline NIHSS score, an-
other known determinant of the stroke outcome, was not
used for the adjustment because we premised that the scale
treats PC and AC strokes differently, To identify indepen-
dent predictors for favorable outcome in patients with AC
stroke and PC stroke separately, multivariate logistic regres-
sion analyses were performed using age, gender, stroke sub-
type, bascline NIHSS score, and the risk factors and
comorbidities thar showed the association with p < 0,15 in
the univariate logistic regression analyses for patients with
cither AC or PC stroke, To obtain the bascline NIHSS score
as the cutoff point for discrimmnating between patients with a
favorable outcome and those without, we constructed re-
ceiver operating characteristic (ROC) curves and calculared
the area under the ROC curve (AUC) with 95% Cls. p <
.05 was considered significant.

RESULTS A total of 310 parients (202 men, 108
women; aged 71 * 11 years) were enrolled in
this study. A total of 209 patients had infarcts
in the AC territory; 101 had infarcts in the PC
territory.

Clinical characteristics of patients are pre-
sented in table 1 and figure 1. Patients with PC
stroke were younger than patients with AC stroke
{(p = 0.008). There were no significant differences
between the two groups in gender, comorbiditics,
or stroke subtypes, The baseline NIHSS score (p
< 0.001) and the mRS ar 3 months (p = 0.001)
were lower in patients with PC stroke than in pa-
tients with AC stroke. Compared with patients
with AC stroke, the unadjusted OR for the mRS
score of 0 to 2 in patients with PC stroke was
2.313 (95% CI 1.371-3.901, p = 0.002), and the
multivariate-adjusted OR was 2.339 (95% CI
1.331-4.109, p = 0.003).
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Table 1

Patient demographics, comorbidities, baseline NIH Stroke Scale

{NIHSS), and chronic outcoma

Other/undetermined

Basaling NIHSS score, median
(intarquartile range)

mRS score at 3 months, median
linterquartile range)

mRS = modified Rankin Scale.

Anterior  Posterior

circulation circulation

[n = 208) n=101) p Value
7210 68212 0.008
135 (65) 67 166) 0.800
59 (28) 31(33) 0.403
152(73) T1(70) 0.687
65(31) 39(39) 0201
B3(40) 36(361 0.534
3919 16(16) 0.635
15(7 a(9) 0.652
73N 33(33) 0.527
1507 515 0623
0.160

B0 15(15)

G2 (44) 34 (34)

33pe) 25(25)

49 (23} 2727}
8(4-15) 4(2-7) «0.001
2(1-4) 1(1-3 0.001

Table 2 shows the distribution of individual
baseline NIHSS subscores. Items of the NIHSS
score for ataxia and visual fields were higher in
patients with PC stroke than in patients with
AC stroke. Most of the other NIHSS item
scores, such as level of consciousness, gaze, fa-

Figure 1 Distribution of the baseline NIH Stroke
Scale [NIHSS) score and modified
Rankin Scale [mRS) score at 3
months
= W Anterior circulation

[ Postenor circulation

o 2% 0% 6O%  BO% 100%
miSscore (Jo0 W1 D2 W3 Me Ws He
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cial palsy, motor arm, motor leg, language, and
extincrion/inartention, were higher in patients
with AC stroke than in patients with PC stroke.

Univariate and multivariate analyses done to
determine predicrors of a favorable chronic out-
come are shown in table 3. A lower baseline
NIHSS score was independently predictive of a
favorable outcome for patients with AC (OR
1.279, 95% CI 1.188-1.376) and PC (OR 1.547,
95% CI 1.232-1.941) stroke. In addition, ischemic
heart disease was independently predictive of an
unfavorable outcome (mRS 3—6) in patients with
PC stroke.

The AUC of the ROC curve for predicting a
favorable outcome, corresponding to mRS of 0
to 2, in patients with PC stroke (0.867, 95% C1
0.783-0.951) was similar to that in partients
with AC stroke (0.868, 95% CI 0.818-0.917,
figure 2). For patients with PC stroke, the opui-
mal curoff score of the baseline NIHSS was =3
with a sensitivity of 84% (95% CI 74-92%),
specificity of 81% (61-93%), positive predic-
tive value of 93% (84-98%), and negative pre-
dictive value of 64% (45-80%). For patients
with AC stroke, the optimal cutoff score was
=8 with a sensitivity of 80% (95% CI
72-87%), specificity of 82% (72-89%), posi-
tive predictive value of 85% (76-91%), and
negative predictive value of 77% (67-85%).
For patients with AC stroke, the sensitivity of a
baseline NIHSS score =35 to predict a favorable
outcome was 65% (95% CI 55-73%), and the
specificity was 89% (81-95%). For patients
with PC stroke, the specificity of a baseline
NIHSS =8 to predict a favorable ourcome was
46% (95% CI 27-67%), and the sensitivity was
93% (85-98%).

The analysis was also performed for predicring
the outcome, corresponding to mRS of 0 to 1. The
AUC of the ROC curve in patients with PC stroke
was 0.896 (95% CI 0.834-0.958) and that in pa-
tients with AC stroke was 0.801 (95% CI 0.741-
0.861). For partients with PC stroke, the optimal
cutoff score of the baseline NIHSS was =5 with a
sensitivity of 93% (95% CI 84—98%) and specific-
ity of 69% (53-82%). For patients with AC
stroke, the optimal cutoff score was =8 with a
sensitivity of 85% (95% CI75-92%) and specific-
ity of 66% (95% CI 58-74%).

DISCUSSION In this study, we assessed the rela-
tionship between baseline neurologic severities
evaluated using the NIHSS and the chronic out-
come of patients with ischemic strokes involving
different arterial territories, determined primarily
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Table 2 Baseline NIH Stroke Scale subscores

Anterior circulation [n = 198] Postarior circulation (n = 86)

Items 0 5 2 3 4 0 i 2 3 4 p Value
#1ALevelof consciousness 115 68 15 78 16 1 1 <0.001
#1B Questions 126 20 52 88 5 5 <0.001
#1C Commands 155 18 27 a3 1 2 <0.001
#2 Gaze 141 46 11 BS 9 2 0.001
#3 Visual fislds 177 17 4 78 11 5 2 0043
#4 Facial palsy 61 87 50 56 34 5 1 <0001
#5 Motor arm

a.Left 13 | i¥g A (S4F L el e 10 o 3 1 0010
b. Right 10 40 18 18, 18 &7 17 7 3 z 0.008
#8 Motor leg

a.Left 120 30 18 16 14 71 12 10 i 0.011
b. Right LT T R e T T 11 11 1 0.002
#7 Ataxia 186 8 a 67 19 10 <0,001°
#8 Sensory e8 78 20 1 55 37 4 0111
#9 Language 137 18 19 24 88 5 1 2 <0001
#10 Dysarthria 70 93 29 41 45 10 0168
#11 Extinctionfinottention 140 31 27 a2 4 <0.001

Number indicates patient number. Eleven patients with anterior circulation stroke and five patients with pasterior circulation

stroke were excluded because of missing data.

“The posterior circulation group's scores are higher than those of the anterior circulation group.

using diffusion-weighred MRIL. The major find-
ings of this study were thar oprimal curoff NIHSS
scores to predict a favorable chronic outcome dif-
fered in patients with AC and PC stroke, and pa-
tients with PC stroke had a high probability of an
unfavorable outcome ar 3 months with relatively
low NIHSS scores.

Although the NIHSS is the most widely used
scoring system in patients with stroke and is
highly predictive of chronic ourcome, it has a
potential weakness wirh respect to uneven scor-
ing of lesion-specific neurologic deficits. For
example, a right hemispheric stroke receives a
low NIHSS score compared with the same-sized
left hemispheric stroke, partly because the
NIHSS awards seven points for tests directly re-
lated ro language function and only two points
for neglect."" There appear to be similar con-
cerns when the NITHSS is used to compare pa-
tents with AC and PC stroke. The scale is
highly weighted toward AC deficits, including
cortical signs and motor function, while PC
deficirs, including cranial nerve signs and
araxia, receive fewer points*'; artaxia is fre-
quently excluded from scoring due to the coex-
istence of motor deficits. Thus, NIHSS may not
appropriately evaluate the spectrum of PC-
related signs. This weakness seems to be an im-
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portant cause of the difference between AC and
PC stroke in the NIHSS curtoff scores for pre-
dicring chronic outcome. Even the mRS has a
weakness in that it is highly focused on the abil-
ity to walk and perform the usual activities of
daily living,*4"

At present, thrombolysis using IV recombi-
nant tissue plasminogen activator (rt-PA) is the
most effective therapy for acute ischemic
stroke. In several key thrombolysis studies, the
NIHSS has always been used to assess baseline
patient severity and somerimes to assess final
outcome. ™" In a series of infarcts presenting
within 3 hours, the presence of mild symproms
was the leading reason why patients did nort re-
ceive thrombolysis.** Some trials excluded pa-
tients with baseline NIHSS scores of =4, as
they were considered to have had a mild
stroke**#; clinically, such patients may be con-
sidered ineligible for IV rt-PA. However, the
INTHSS cutoff score predicting a favorable out-
come for patients with PC stroke (=35) is close
to 4; thus, one should not simply refrain from
thrombolysis in patients with PC stroke with a
relatively low NIHSS score, but one should
consider thrombolysis if the PC-specific deficits
thar were underestimared by NIHSS warrant ri-
PA. A recent study warned thar a substanrial
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Table 3 Univariate and multivariate logistic regr

{modified Rankin Scale 0-2) at 3 months

lysis of the probability of a favorable outcome

Univariate analysis Multivariate analysis
Vorisbles Favorat Unfi pVelue  OR 95%Cl p Value
Anterior circulation (n = 209)
Age 71 =10 73+10 0876 0888 0959-1.038 0.910
Gender, male 82 (71%) 53 (57%) 0543 1276 0584-2788 0.542
Previous stroke 37 (32%} 22 (245} 0180
Hypertension B6[74%) 66 (71%) 0608
Diabetes mellitus 3328%) 32 (34%) 0355
Hyperlipidemia 43(37%) 40 (43%) 0383
Ischemic heart disssse 19 (16%) 20(22%) 0346 0744 0301-1839 0522
Valvular heart disease 7 (8%) B(9%) 0477
Atrial fibrillation 35(30%) 42 (45%) 0026 1282 0487-3308 0,807
Peripheral artery disease 9 (8%) 6 (7% 0716
Stroke subtype
Small-vessel 30 (26%) 5(5%) <0001 2034 0541-7848 D293
Cardioembolism 34 (29%) 58 (62%) <0001 0862 0257-2898 0811
Large-artery 17 (15%) 16 [17%) 0616
Other/undetermined 35 (30%) 14 (15%) 0012 2547 0.788-8229 0118
Baseline NIHSS score, median 413-7) 15(10-19) <0001 1279 1188-1376 <0.001
(interquartile rangel
Posterior circulation (n=101)
Age 67 =12 72=11 0124 1023 0963-1.087 0.456
Gender, male 53 (71%) 14 (54%) 0121 2745 0886-10980 0153
Pravious stroke 22(32%) 9 (36%) 0.708
Hypertension 53(71%) 18 (69%) 0.8080
Diabetes mellitus 2635%} 13(50%) 0168
Hyperlipidemia 28(37%| 8(31%) 0548
Ischemic heart disease 9(12%) 7 [27%}) 0080 0103 0020-0544 0.007
Valvular heart disease 6(8%) afa%) 0587
Atrial fibrillation 23(31%) 10 (3956 0466 0738 0130-4189 0733
Peripheral artery disease 4(5%) 1 (4%} 0764
Stroke subtype
Small-vessel 13(17%) 2(8%) 0247 0546 0058-5052 0594
Cardioembolism 22 (29%) 12 (46%) 0121 0384 0057-2318 0285
Large-artery 17 (23%] 8(31%) D411
Otherfundstermined 23(31%) 4 (15%) 0138 1518 0201-11489 0.686
Baseline NIHSS score, median 31-5 86-14) <0001 1547 1232-1641 <0.001
(interguartile rangs)
NIHSS = NIH Stroke Scale.

minoriry of parients who were deemed ro have
symptoms that were too mild to warrant IV
rt-PA were unable to be discharged home.*
Since MRI and MRA including diffusion-
weighted imaging were performed in this study
for all consecutive patients with stroke unless
contraindicated, the classification of stroke
into AC and PC groups was highly reliable.
This study had a few limitations. Since our se-
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ries is from a single, highly specialized medical
center thar deals with cardiovascular discases
and emergent cases, the percentage of cardio-
embolism was high compared to a typical Japa-
nese epidemiologic study.** Furthermore, the
small study population might have introduced
statistical error. Because this is a development
model and has not been validated, our findings
should only be considered hypothesis creating,
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Copyright @ by AAN Enterprises, Inc. Unauthorized reproduction of this article is prol'ub:ted



Receiver operating characteristic (ROC) curves to show optimal cutoff

point of the baseline NIH Stroke Scale [NIHSS] scores of the patients
with anterior circulation (AC) and posterior circulation (PC) stroke to
predict a faverable outcome (modified Rankin Scale of 0-2)

Anterior circulation

Posterior circulation

Area under the curve = 0 868 (85% C10818-0817] Area under the curve = 0867 (85% C1 0 783-0 851,

e
08
08}
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02
0 L . L s i 0 i N i s "
0 02 04 06 08 1 0 02 04 06 0B 1
1- Specificity 1 - Specificity

Arrows indicate optimal cutoff points.

and applicability and generalizability of our
models have not yet been evaluated.
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Circulating CD34-positive cells provide a marker of
vascular risk associated with cognitive impairment
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Maintenance of uninterrupted cerebral circulation is critical for neural homeostasis. The level of
circulating CD34-positive (CD34*) cells has been suggested as an index of cerebrovascular health,
although its relationship with cognitive function has not yet been defined. In a group of individuals
with cognitive impairment, the level of circulating CD34* cells was quantified and correlated with
clinical diagnoses. Compared with normal subjects, a significant decrease in circulating CD34* cells
was observed in patients with vascular-type cognitive impairment, although no significant change
was observed in patients with Alzheimer’s-type cognitive impairment who had no evidence of
cerebral ischemia. The level of cognitive impairment was inversely correlated with numbers of
circulating CD34* cells in patients with vascular-type cognitive impairment, but not Alzheimer's
type. We propose that the level of circulating CD34* cells provides a marker of vascular risk
assocliated with cognitive impairment, and that differences in the pathobiology of Alzheimer's- and
vascular-type cognitive impairment may be mirrored in levels of circulating CD34* cells in these
patient populations.
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Introduction

Maintaining integrity of the cerebral circulation has
a critical role in neural homeostasis. Although
analysis of risk factors for cerebrovascular disease
has certainly provided insights into mechanisms of
vascular disease, it is still difficult to predict
accurately the contribution of vascular dysfunction
in the long-term outcome of acute vascular insuffi-
ciency or in chronic neurodegenerative disorders.
For example, in Alzheimer’s disease (Casserly and
Topol, 2004; Vagnucci and Li, 2003), assessment of a
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possible vascular component in the pathogenesis of
neuronal degeneration is often ambiguous during a
patient’s lifetime.

Repair of the cerebral microcirculation has tradi-
tionally been assigned to ongoing replacement of
damaged cerebral endothelium from outgrowth of
preexisting vasculature. However, recent studies
have identified circulating bone marrow-derived
immature cells, including CD34-positive (CD34 ")
cells, as contributors in maintenance of the vascu-
lature; they have the potential to serve as a pool of
endothelial progenitor cells (Asahara et al, 1997)
and as a source of growth/angiogenesis factors
(Majka et al, 2001). In a previous study, we have
shown that circulating CD34 * cells provide an index
of cerebrovascular function (Taguchi et al, 2004a).
We have also found that in a model of experimental
cerebral ischemia, intravenous administration of
CD34* cells improved neurologic function, at least
in part, by restoring cerebral microcirculation in the
ischemic area (Taguchi et al, 2004b).
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These results lead us to propose that circulating
immature vascular progenitor cells contribute to
neural homeostasis, at least in part, through their
role in maintaining cerebral microvascular function.
Using a recently developed method that allows
precise measurement of the CD34" cell population
in peripheral blood (Kikuchi-Taura et al, 2006), we
have evaluated the level of circulating CD34* cells
in patients with impaired neurologic function of
diverse etiologies. Our goal has been to determine if
there is relationship between levels of CD34 " cells,
impaired neural function, and vascular integrity.

Materials and methods

This study was approved by Institutional Review Boards
of the respective institutions (National Cardiovascular
Center, Hyogo College of Medicine, Hoshigaoka Kosei-
nenkin Hospital, and Osaka Minami National Medical
Center). All subjects provided informed consent. Indivi-
duals with Mini Mental State Examination Score (MMSE)
<24 and Clinical Dementia Rating (CDR) =0.5 were
enrolled in this study and defined as having impaired
cognitive function. In the view of history, evaluation of
symptoms, and results of brain imaging studies (magnetic
resonance imaging and single photon-computed tomogra-
phy). patients with cognitive impairment were divided
into two groups by neurologists blinded to the experi-
mental protocol: vascular-type cognitive impairment or
Alzheimer's-type cognitive impairment, according to the
criteria of Diagnostic and Statistical Manual of Mental
Disorders (4th ed, DSM-4) (American Psychiatric Associa-
tion, 1994). To exclude the contribution of vascular
element in patients with Alzheimer's-type cogniti\ra
impairment, patients’ coexistent Alzheimer's-type cogni-
tive impairment and cerebral infarction, observed by
magnetic resonance imaging, were excluded from this
study. In addition, patients with cognitive impairment
diagnosed as neither of the Alzheimer’s type nor vascular
type were excluded. A total of 95 individuals, including
32 age-matched control subjects with no history of
vascular disease, no neuronal deficiency, and no cognitive
impairment, were enrolled. In addition, individuals
excluded from the study included: premenopausal women,
patients who experienced a vascular event within 30
days of measurements, history of cerebral hemorrhage,
and evidence of infection or malignant disease. Using a
modification of the International Society of Hemato-
therapy and Graft Engineering (ISHAGE) Guidelines
(Sutherland et al, 1996), the number of circulating CD34
* cells was quantified as described (Kikuchi-Taura et al,
2006). In brief, blood samples were incubated with
phycoerythrin-labeled anti-CD34 antibody, fluorescein
isothiocyanate-labeled anti-CD45 antibody, 7-aminoacti-
nomycin-D, and internal control (all of these reagents are
from the Stem-Kit, Beckman Coulter, Marseille, France). 7-
Aminoactinomycin-D-positive dead cells and CD45-nega-
tive cells were excluded, and the number of cells forming
a cluster with characteristic CD34° cells (i.e., low side
scatter and low-to-intermediate CD45 staining) was
counted. The absolute number of CD34° cells was
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calculated using the internal control. In this study, we used
a single measurement at the time of entry into the study, on
the basis of our previous observation that the level of
circulating CD34* cells is relatively stable (Taguchi et al,
2004a). For statistical analysis, ]MP version 5.1] (SAS
Institute Inc, Co, NC, USA) was used. Individual compar-
isons were performed using a two-tailed, unpaired Stu-
dents’ t-test. Statistical comparisons among groups were
determined using analysis of variance. Mean + s.e. is shown.

Results

Baseline characteristics of the groups are shown in
Table 1. In univariate analysis of control subjects,
each cerebrovascular risk factor and other treatment
showed no significant difference with the number of
circulating CD34* cells (data not shown).

To investigate a possible relationship between
circulating CD34* cells and cognition, the level of
circulating CD34 * cells was compared among these
groups. Representative fluorescence-activated cell
sorting images are shown in Figure 1A (vascular-
type) and 1B (Alzheimer’s-type). Analysis of variance
revealed a significant decrease of CD34* cells in
patients with vascular-type cognitive impairment
compared with Alzheimer’s-type cognitive impair-
ment (P<0.001) and normal subjects (P<0.001,
Figure 1C).

To investigate further a possible association of
circulating CD34* cells with cognitive impairment,
patients with vascular-type impaired cognition were
divided into two groups according to their CDR (mild:
CDR=0.5, n=22, mean age=75.2+ 1.6 years; moder-
ate-severe: CDR>1, n=18, mean age=75.3+1.5
years) or MMSE (mild: MMSE=20, n=25, mean
age=74.2+1.4 years; moderate-severe: MMSE < 20,
n=15, mean age=77.1+1.5 years). The results
showed a significant decrease in the level of
circulating CD34* cells in moderate-severe group,
based on stratification by either CDR (Figure 1D,
P=0.01) or MMSE (Figure 1E, P=0.03) in patients
with vascular-type cognitive impairment. Similar
analysis was applied to patients with Alzheimer's-
type impaired cognition. They were divided into two
groups according to CDR (mild: n=8, mean age=73.0
+4.7 years; moderate-severe: n=15, mean age=77.5
+1.9 years) or MMSE (mild: n=12, mean age=74.1+
3.0 years; moderate-severe: n=11, mean age=77.8+
2.9 years). However, in contrast to patients with
vascular-type impaired cognition, there was no
significant difference observed in patients with
Alzheimer's-type cognitive impaired, based on CDR
(Figure 1F, P=0.86) or MMSE (Figure 1G, P=0.60).

Discussion

Our results are consistent with a contribution of
circulating CD34* cells in support of cognitive
function, presumably through their positive homeo-
static influence on the cerebral circulation in
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Table 1 Baseline characteristics

Cognitive impairment

Total Vascular-type Alzheimer's-type Control P-value for trend
n 95 40 23 32
Age, years 749+06 75.3+1.1 75.9+2.1 74.240.7 0.53
Male gender, n (%) 57 (60) 27 (68) 12 (52) 18 (56) 0.46
Risk factor, n (%)
Hypertension 41 (43) 21 (53) 9 (39) 11 (34) 0.28
Hyperlipidemia 29 (31) 14 (35) 5 (22) 10 (31) 0.53
Diabetes mellitus 9(9) 5(13) 1(4) ifa) 0.57
Smoking 20(21) 10 (25) 6(26) 4(13) 0.34
Treatment, n [%)
Ca-channel blocker 30 (32) 15 (38) 6 (26) 9 (28) 0.56
p-Blocker 2(2) 1(3) 0 (0) 1(3) 0.71
ACE inhibitor 4 (4) 3 (8) 1(4) o (0) 0.29
ARB 8 (8) 3 (8) 3(13) 2(6) 0.65
Diuretics 6 (6) 2 (5) 1(4) 3(9) 0.68
Statin 29 (31) 14 (35) 5 (22) 10 (31) 0.54
Aspirin 28 (29) 23 (58) 1(4) 4 (13) <0.01
Ticlopidine 11(12) 9 (23) 0 (0) 2 (6) 0.01

ACE, angiotensin-converting enzyme; ARB, angiotensin || receptor blocker,
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Figure 1 Levels of circulating CD34 * cells and cognitive impairment. (A and B) After exclusion of 7-AAD-positive dead cells and
CD45-negative cells (non-leukocyte), CD34* cells cluster at low side scatter were clearly observed (A, vascular-type; B,
Alzheimer's-type). (C) Analysis of variance revealed a significant decrease in circulating CD34 * cells in patients with vascular-type
cognitive impairment compared with normal subjects and individuals with Alzheimer's-type cognitive impairment. In contrast, no
significant change in circulating CD34 * cells was observed in patients with Alzheimer's-type cognitive impairment compared with
control subjects. (D and E) In the group of patients with vascular-type cognitive impairment, the level of circulating CD34 * cells was
significantly reduced in patients with more severe cognitive impairment compared with the more mildly affected group (D, CDR; E,
MMSE). (F and G) In contrast, no significant difference was observed in patients with Alzheimer's-type cognitive impairment based
on assessment of cognition (F, CDR; G, MMSE), SS Lin, side-scatter linear scale. *P < 0.05.

settings of ischemic stress. Further, these observa-  associated cerebral ischemia) and declining cogni-
tions suggest a basic difference between the patho- tive function in patients with ischemic cerebro-
biology of dementia in Alzheimer's disease (without  vascular disorders.
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Late onset, sporadic Alzheimer's disease is a
heterogeneous disorder (Casserly and Topol, 2004)
and the contribution of a vascular factor is still
controversial. In contrast to vascular-type cognitive
impairment, no significant change (at most, a mild
increase) in the level of circulating CD34* cells was
observed in patients with Alzheimer's-type cogni-
tive impairment who had no cerebral ischemia.
Consistent with a CD34' cell-independent mecha-
nism of cognitive decline in Alzheimer's-type
impaired cognition, there was no correlation be-
tween circulating CD34* cells and the level of CDR
or MMSE. These results suggest that the level of
CD34° cells in the peripheral circulation might
provide a useful means of separating dementia with
a vascular etiology from dementia associated with
nonvascular causes. This is not inconsistent with a
previous report indicating decreased levels of CD34
* cells in patients with early Alzheimer's disease
that did not exclude patients with coexisting
cerebral ischemia (Maler et al, 2006). Our findings
could have implications for treatment, especially as
more modalities become available for patients with
declining cognitive function.

The level of circulating endothelial progenitor
cells, identified based on positivity for CD34 and
kinase insert domain receptor (CD34*/KDR* cells),
has been correlated with cardiovascular risk factors
(Vasa et al, 2001) and cardiovascular outcomes
(Schmidt-Lucke et al, 2005; Werner et al, 2005).
However, large variations in the levels of CD34*/
KDR* cells in the latter reports (by ~100-fold
between reports; Fadini et al, 2006; Werner et al,
2005) indicate the need to standardize this measure-
ment. In contrast, in our study, although there was
no strong correlation between levels of CD34* cells
and established cardiovascular risk factors and other
treatments, probably because of the heterogeneity
of our control subjects, the results indicate a close
relationship between the overall CD34* pool and
the cognitive impairment with cerebral ischemia.
Previous reports have indicated a positive correla-
tion between mobilization of CD34* cells and
improved functional outcome in stroke patients
(Dunac et al, 2007). Accelerated functional recovery
after experimental stroke, because of administration
of CD34* cells (Shyu et al, 2006; Taguchi et al,
2004b), suggests the possible contribution of CD34*
cells in maintenance of brain function during
cerebral circulation. Our method for quantification
of CD34"* cells is simple, reproducible (Kikuchi-
Taura et al, 2006), and suitable for screening a
broad group of patients at risk for cerebrovascular
disorders.

In conclusion, our results indicate that the level
of circulating CD34* cells provides a marker of
vascular risk associated with cognitive impairment.
Furthermore, differences in the pathobiology of
Alzheimer's- and vascular-type cognitive impairment
may be mirrored in levels of circulating CD34*
cells in these patient populations.
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Increase in circulating CD34-positive cells in
patients with angiographic evidence of

moyamoya-like vessels
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Increasing evidence points to a role for circulating endothelial progenitor cells, including
populations of CD34-positive (CD34*) cells, in maintenance of cerebral biood flow. In this study,
we investigated the link between the level of circulating CD34"* cells and neovascularization at
ischemic brain. Compared with control subjects, a remarkable increase of circulating CD34* cells
was observed in patients with angiographic moyamoya vesseils, although no significant change was

observed in patients with major cerebral a

occlusion (or severe stenosis) but without

moyamoya vessels. Our results suggest that the increased level of CD34" cells associated with
ischemic stress is correlated with neovascularization at human ischemic brain.
Journal of Cerebral Blood Flow & Metabolism (2008) 28, 1086—1089; doi:10.1038/cbim.2008.1, published online

30 January 2008
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Introduction

Increasing evidence points to a role for bone
marrow-derived immature cells, such as endothelial
progenitor cells, in maintenance of vascular home-
ostasis and repair. CD34-positive (CD34°) cells
comprise a population enriched for endothelial
progenitor cells whose contribution to neovascula-
ture includes both direct participation in forming
the neovessel and regulatory roles as sources of
growth/angiogenesis factors {Ma|ka et al, 2001).
Previously, we have shown accelerated neovascular-
ization after administration of CD34* cells in an
experimental model of stroke (Taguchi et al, 2004b)
and induced by autologous bone marrow mono-
nuclear cells (rich cell fraction of CD34* cells)
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trans lanted locally into patients with limb ische-
mia chi et al, 2003). In addition, we have
obser\re a positive correlation between the level of
circulating CD34* cells and regional blood flow
(Taguchi et al, 2004a), and cognitive function
(Taguchi et al, 2007) in patients with chronic
cerebral ischemia.

In this study, we have evaluated the level of
circulating CD34* cells in patients with unusually
accelerated neovascularization induced by progres-
sive occlusion (or severe stenosis) of the supracli-
noid portion of the internal carotid artery, the
proximal region of the anterior, and/or middle
cerebral artery characterized angiographically by
the presence of moyamoya-like vessels (Natori et
al, 1997) that supply ischemic brain as collaterals.
We have investigated the hypothesis that circulating
bone marrow-derived immature cells might be
associated with neovascularization at ischemic sites
in the human brain.

Patients and methods

The institutional review board of the National Cardiovas-
cular Center approved this study. All subjects provided
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informed consent. A total of 50 individuals, including 24
patients with occlusion or severe stenosis (>90%) at the
C1 portion of the internal carotid artery or the M1 portion
of the middle cerebral artery, and 26 age-matched healthy
volunteers with cardiovascular risk factors, but without
history of vascular disease, were enrolled. The diagnosis
of cerebral artery occlusion or stenosis was made
angiographically and four patients were found to have
classical angiographic evidence of moyamoya-like vessels,
including one with right C1 occlusion, one with right M1
occlusion, and two with bilateral C1 severe stenosis. All
patients with cerebral artery occlusion or stenosis had a
history of cerebral infarction. Individuals excluded from
the study included patients who experienced a vascular
event within 30 days of measurements, premenopausal
women, and those with evidence of infection and/or
malignant disease. The number of circulating CD34" cells
was quantified as described (Taguchi et al, 2007). In brief,
blood samples (200 ul) were incubated with phycoerythrin-
labeled anti-CD34 antibody, fluorescein isothiocyanate-
labeled anti-CD45 antibody, 7-aminoactinomycin-D
[7-AAD), and internal control (all of these reagents are in
the Stem-Kit; BeckmanCoulter, Marseille, France). After
incubation, samples were centrifuged, and supernatant was
removed to obtain concentrated cell suspensions.
7-Aminoactinomycin-D-positive dead cells and CD45-ne-
gative cells were excluded, and the number of cells forming
clusters characteristic of CD34* cells (i.e., low side scatter
and low-to-intermediate CD45 staining) was counted. The
absolute number of CD34* cells was calculated using the
internal control. Mean cell number of duplicate measure-
ments was used for quantitative analysis. Statistical
comparisons among groups were determined using analysis
of variance or y° test. Individual comparisons were
performed using a two-tailed unpaired Students’ t-test or
Mann-Whitney's U-test. Mean £ s.e. is shown.

Table 1 Baseline characteristics

CD34 ~ cells and moyamaya-like vessels
T Yoshihara ef af

Results

Enrolled individuals were divided into three
groups: control subjects, patients with cerebral
occlusion or severe stenosis, but without the
presence of vessels with angiographic characteris-
tics of moyamoya disease, and patients with angio-
graphic evidence of moyamoya-like vessels.
Baseline characteristics of the groups are shown in
Table 1. The modified Rankin scale evaluation of
patients with and without moyamoya-like vessels
was 0.540.5 and 1.3+0.2, respectively (P=0.15).
Comparing these groups, there was a significant
difference in the ratio of gender and treatment with
aspirin between groups. However, no significant
di?ference was observed in the number of circulating
CD34* cells in control group between genders
(male, n=13, CD34* cells=0.93 £ 0.10/yL; female,
n=13, CD34* cells=0.85+0.11/uL: P=0.59) and
treatment with aspirin (aspirin (+). n=6, CD34"
cells=0.76 £0.12/puL; aspirin (-], n=20, CD34"
cells =0.93 £ 0.09/uL: P=0.26), indicating mild and
nonsignificant effects of gender and treatment with
aspirin on the level of circulating CD34° cells. In
univariate analysis of control subjects, each cere-
brovascular risk factor and treatment with statins
showed no significant difference in the number of
circulating CD34* cells (data not shown).

A representative angiogram showing characteris-
tics of moyamoya-like vessels is shown in Figures
1A and 1B. Angiographic moyamoya-like vessels
were observed around the M1 portion of an
occluded middle cerebral artery. Compared with a
normal subject (Figure 1C) and patients without
angiographic evidence of moyamoya-like vessels
(Figure 1D), a remarkable increase in levels of

Total Control Major artery occlusion/stenosis P-value for trend
Maoyamoya [-) Moyamaya (+]
N 50 26 20 4
Age, years 60.8+1.1 60.5+1.9 61.5£1.0 59.3%5.9 0.85
Male, n (%) 33 (66) 11 (50) 18 (90) 2 (50) 0.01
Risk factor, n (%) =
Hypertension 15 (70) 16 (62) 15 (75) 4 (100) 0.24
Hyperlipidemia 26 (52) 14 (54) 10 (50) 2 (50) 0.96
Diabetes mellitus 11 (22) 7 (27) 4 (20) 0(0) 0.46
Smoking 15 (30) 7 (27) 8 (40) 0 (0) 0.25
Treatment, n (%)
Ca channel blockers 20 (40) 10 (38) B (a0) 2 (50) 0.91
p-Blockers 5 (10) 3(1) 1(5) 1 (25) 0.44
ACE inhibitor 7 (14) 4 (15) 2 (10) 1(25) 0.70
ARB 12 (24) 5(19) 5 (25) 2 (50) 0.40
Diuretics 4 (8) 2(7) 1(5) 1(25) 0.40
Statin therapy 14 (28) 9 (34) 4 (20) 1(25) 0.54
Aspirin 19 (38) 6 (23) 10 (50) a(75) 0.05
Ticlopidine 12 (24) 3(n) 8 (40) 1 (25) 0.08

Abbreviaty ACE,

J'd fing enzyme; ARB, angiotensin 2 receptor blocker.
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