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Increased von Willebrand Factor in Acute Stroke Patients
With Atrial Fibrillation

Mika Sato, mMp,* Akifumi Suzuki, Mp,* Ken Nagata, mp,* and
Shinichiro Uchiyama, mpt

Plasma level of von Willebrand factor (vWF) is a useful marker not only for endothelial
dysfuniction, but also for left atrial thrombogenesis. We measured plasma levels of
vWF antigen and other coagulation and fibrinolysis markers in 183 consecutive
patients with acute ischemic stroke and compared these data between patients with
and without atrial fibrillation (AF). vWF correlated with severity, outcome, and infarct
size and were significantly higher in the AF group than in the non-AF group. The
positive correlations of vWF with plasmin-a2 plasmin inhibitor complex and soluble
fibrin monomer complex, and higher levels of vWF in patients with than without
spontaneous echo contrast, indicate thrombogenesis in the left atrium. Plasma levels of
VvWE may reflect thrombogenesis in patients with AF. Key Words: von Willebrand
factor—atrial fibrillation—acute ischemic stroke—hemostatic marker.
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von Willebrand factor (vWF), synthesized and stored in
endothelial cells and platelets, is secreted locally at the site
of injury of a damaged vessel, where it mediates platelet
aggregation and adhesion.' Because vWF release increases
when endothelial cells are damaged, it has been proposed
as a possible indicator of endothelial damage. Elevated
plasma or endothelial levels of vWF have been observed in
pulmonary hypertension,” congestive heart failure,® isch-
emic heart disease* migraine,® chronic atrial fibrillation
(AF),° and ischemic stroke,” implying that vWF may play a
role in thrombotic prediction. The European Concerted Ac-
tion on Thrombosis and Diabetes Study reported a strong
positive correlation between C-reactive protein and vWEF,
consistent with an acute-phase reaction to coronary heart
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disease.” In the Stroke Prevention in Atrial Fibrillation III
(SPAF IN) study plasma vWF levels in patients with non-
valvular AF who received aspirin were a significant predic-
tor of both stroke and vascular events.” In the present study,
we aimed to determine whether elevated vWF in acute
ischemic stroke is a marker of severity and outcome, and
also whether vWF levels are differentially elevated in acute
ischemic stroke with or without AF, to help clarify the role
of vWF in thrombogenesis for the risk of cardioembolic
stroke.

Patients and Methods
Patients

From January to December 2001, 183 consecutive pa-
tients with acute ischemic stroke, and without antiplate-
let or anticoagulant treatment were enwolled in our study
(105 male, 78 female; mean age, 70.8 years). The average
time of blood sampling was 30.6 hours from stroke onset.
The average time of blood sampling of subtype of isch-
emic stroke were not different significantly (cardioembo-
lism, 17.0 hours; atherothrombosis, 38.2 hours; lacunar
infarction, 37.3 hours; transient ischemic stroke, 8.4
hours). Magnetic resonance imaging (MRI), including
diffusion-weighted (echo-planar imaging; repetition time
(TR), 4000 ms; echo time (TE), 100 ms; b value, 1000
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s/mm?) and T,-weighted (TR4300/TE96) images, was
performed in 179 patients (4 patients were excluded, 1
due to a pacemaker, 1 due to an aneurysm clip, and 2 due
to restlessness on admission), using a 1.5-Tesla whole-
body MRI (Shimazu, General Electric). A total of 42
patients underwent transesophageal echocardiography
(TEE) (7~4 MHz, HIDI 5000, ATL, Bothell, WA).

The National Institutes of Health Stroke Scale (INIHSS)
was used to score patients on admission and divide them
into mild (=5; n = 119), moderate (6-13; n = 43), and
severe (>13, n = 21) groups based on an earlier study by
Schlegel et al.,'® who found that NIHSS category was
predictive of disposition. Functional outcome was evalu-
ated using the Barthel index (BI) at discharge. A Bl rating
of 0 was assigned in the event of death, and a Bl =95
indicated good recovery.'' The patients were also classi-
fied into 2 groups depending on the presence of AF, and
all AF patients were cleared of severe valvular dysfunc-
tion using transthoracic echocardiography.

Infarction size was classified as small (<1.5 c¢cm) or
large (21.5 cm) according to the largest diameter ob-
served on brain MRI This classification was confirmed
by an independent neurologist presented with blinding
clinical information.

Hypertension, diabetes mellitus, and hyperlipidemia
were considered significant risk factors of acute ischemic
stroke. Hypertension was diagnosed if a patient had
already been taking an antihypertensive agent at the time
of admission, or if blood pressure measured on 2 occa-
sions during hospitalization revealed a systolic pressure
=140 mm Hg and/or diastolic pressure =90 mm Hg.
Diabetes mellitus was diagnosed if the morning fasting
blood glucose level was =126 mg/dL or if HbAlc was
26.5%. Hyperlipidemia was diagnosed if the morning
fasting total cholesterol on admission was =220 mg/dL
and/or low-density lipoprotein was =160 mg/dL.

Follow-up blood samples were obtained 2 weeks after
admission in 106 patients. We excluded 77 patients who
presented with pulmonary embolism, infection, and/or
deep vein thrombosis from time of admission to dis-
charge.

M. SATO ET AL.
Blood Sampling Procedure

A 9-mL blood sample was obtained from the cubital
vein and collected into 1 mL of 3.8% sodium citrate. The
sample was centrifuged at 3000 g for 5 minutes to obtain
plasma, which was then separated and stored at —70°C
before assay. The following markers were measured in
large batches: D-dimer (DD), using latex photometric
immunoassay (LPIA) (Diayatoron, Japan); plasmin- o2
plasmin inhibitor complex (PIC), using LPTA assay (Di-
ayatoron); thrombin-antithrombin IIT complex (TAT), us-
ing enzyme immunoassay (EIA) (SRL, Japan); prothrom-
bin fragment F,, (F1+2), using enzyme-linked
immunosorbent assay (Dadebhring, Marburg, Germany);
vWF antigen, using EIA (Diagnostica Stago, France); and
soluble fibrin monomer complex (SFMC), using latex
agglutination (Rosche Diagnostics, Japan). White blood
cell count (WBC) was measured by a Beckman Counter
Hmx (Miami, FL) on admission.

Data Analysis and Statistics

vWF, DD, PIC, TAT, F1+2, and SFMC were expressed
as mean * standard error. Differences between 2 groups
were analyzed using the Mann-Whitney U test for non-
parameteric data, and paired data from the same individ-
ual were analyzed using the Wilcoxon test. Analysis of
the 3 groups, was done using the Bonnferoni/Dann
method. Risk factors of stroke were analyzed by the x*
test. Data of variable markers were analyzed by linear
regression and expressed as a correlation coefficient (r).
All statistical calculations were performed using a com-
mercial statistical package (StatView, version 5.0).

Results

Table 1 displays the correlations between the severity
of symptoms and markers on admission. All hemostatic
markers, excluding WBC, were significantly higher in the
moderate group (NIHSS 6-13) than in the mild group
(NIHSS =5). vWF was the only hemostatic marker that

Table 1. Correlation of hemostatic markers with stroke severity on admission

Mild Moderate Severe

NIHSS =5 NIHSS 6-13 NIHSS =14 Mild vs Mild vs Moderate vs

(n = 119) (n = 43) (n = 21) moderate P severe P severe P
vWF (%) 172.3 (5.25) 224.0 (8.65) 228.8 (21.8) <.0001 .002 78
DD (ug/mlL) 0.95 (0.17) 2.13 (0.71) 1.95 (0.48) .02 .14 .81
PIC (ug/mL) 1.12 (0.06) 2.44 (0.65) 1.91 (0.43) .001 14 .38
TAT (ng/mL) 6.47 (1.03) 14.23 (2.85) 10.70 (2.96) .002 .19 .33
F1+2 (nmol/L) 0.88 (0.04) 1.22 (0.13) 1.00 (0.11) .001 41 15
SFMC (ug/mL) 10.45 (1.91) 2232 (7.3 19.80 (7.90) .03 21 76
WBC (L) 6771.4 (179.5) 7037.2 (374.7) 7261.9 (586.7) 49 34 .70

Data are expressed as mean value (SE) and analyzed using Bonferroni/Dunn methods.
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Table 2. Correlation of hemostatic markers with stroke outcome at discharge

Good BI =95 (n = 114) Poor Bl < 95 (n = 69) P
vWF (%) 174.1 (5.18) 218.8 (9.34) <.0001
DD (pg/mlL) 0.77 (0.06) 2.28 (0.53) <.0001
PIC (pg/mL) 1.07 (0.05) 2.26 (0.43) <.0001
TAT (ng/mL) 6.44 (1.17) 12.65 (1.86) <.0001
F1+2 (n mol/L) 0.89 (0.05) 1.12 (0.08) 004
SFMC (ug/mlL) 10.74 (2.41) 20.23 (4.63) .002
WBC (uL) 6751.8 (189.6) 7118.8 (287.1) 406

Data are expressed as mean value (SE) and analyzed using the Mann-Whitney U test.

showed a significant difference between mild and severe
(NIHSS =14) groups.

The poor recovery group (BI < 95 at discharge; n = 69)
showed higher plasma levels of vWF, DD, PIC, TAT, F1+2,
and SFMC measured on admission compared with the
good recovery group (BI =95; n = 114) (Table 2).

We also analyzed the differences in each marker be-
tween admission and after 2 weeks. There was a signifi-
cant rise in both DD and F1+2 levels after 2 weeks
compared with those on admission (P < .005) (Table 3).
There were no significant differences in any other marker
between admission and after 2 weeks.

We compared patient history and hemostatic marker
levels in patients with and without AF (n = 40 and n = 143,
respectively) (Table 4). Although the frequencies of hyper-
tension, diabetes mellitus, and hyperlipidemia were not
significantly different between the 2 groups, the mean age
of the AF group was significantly older than the mean age
of the non-AF group (74.1 years vs 69.9 years; P < .03).
NIHSS scores on admission were also significantly higher in
the AF group than in the non-AF group (11.58 vs 4.52; P <
.0001). Bl at discharge was lower in the AF group than in the
non-AF group. The plasma levels of vWF, DD, PIC, TAT,
and SFMC were significantly higher in the AF group than in
the non-AF group. WBC was significantly higher in the AF
group than in the non-AF group. Especially significant were
the differences in the levels of vVWE and PIC between the 2
groups (P << .001). Table 5 gives differences in the mean
levels of the markers between small and large infarcts for

the AF and non-AF groups on admission. vVWF and DD
levels in the non-AF group were significantly higher in
patients with large infarctions than in those with small
infarctions (P << .02). In the AF group, there was no signif-
icant difference in any marker between patients with small
and large infarcts.

We also analyzed the correlations between each maker
in the AF and non-AF groups (Table 6). Because the data
did not show a Gaussian distribution, the log of the data
was taken to perform a linear regression analysis. Anal-
ysis of the markers revealed significant correlations be-
tween vWF and both PIC (r = 551, P = .0002) and SFMC
(r = 449; P = .003) in the AF group. There was a
correlation between DD and WBC in AF patients (r =
556; P = .0006).

TEE was performed in 43 patients, and 18 patients
showed spontaneous echo contrast (SEC), with 2 patients
also having thrombi. Table 7 shows differences in the
markers between patients with and without SEC. The
results show that vWF and PIC were significantly higher
in patients with SEC than without (P < .02, .01).

Discussion

This study presented 3 main findings. First, the mean
level of vWF correlated significantly with both stroke
severity and outcome. Second, vWF levels were signifi-
cantly higher in the AF group compared with the non-AF

Table 3. The differences in hemostatic markers of 106 patients with acute ischemic stroke between admission and after 2 weeks

On admission After 2 weeks P
vWF (%) 193.8 (6.80) 193.5 (6.95) NS
DD (pg/mlL) 1.43 (0.30) 2.56 (0.52) .002
PIC (pmg/mL) 1.57 (0.24) 1.48 (1.38) NS
TAT (ng/mL) 10.05 (1.52) 9.09 (1.38) NS
F1+2 (nmol/L) 1.01 (0.06) 1.01 (0.12) .0032
SEMC (pg/mL) 15.14 (3.38) 13.73 2.71) NS

Data are expressed as mean value (SE) and analyzed using Wilcoxon test.

NS, Not significant.
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Table 4. Background characteristics and differences in markers on admission between patients with and without AF

With atrial fibrillation (n = 40) Without atrial fibrillation (n = 143) P
Hypertension (%) 47.5 58 NS#*
Diabetes mellitus (%) 15 23.8 NS*
Hyperlipidemia (%) 15 28.7 NS*
Age (years) 74.1 69.9 .033
NIHSS on admission 11.58 4.52 <0001
BI at discharge 64.8 (6.5) 81.4 (2.7) .01
vWF (%) 227.6 (14.1) 180.7 (4.77) <0001
DD (pg/ml) 2.32 (0.76) 1.07 (0.16) 014
PIC (pg/mL) 2.59 (2.59) 1.22 (0.10) .0008
TAT (ng/mL) 12.96 (2.82) 7.61 (1.04) 032
F1+2 (nmol/L) 1.12 (0.13) 0.94 (0.04) NS
SFMC (pg/mL) 23.19 (7.51) 11.83 (2.07) .043
WBC (L) 7820.0 (451.8) 6630.1 (155.8) 028

Data are expressed as mean (SE) and analyzed using ¥** and Mann-Whitney U tests.
NS, Not significant.

Table 5. Differences in markers between small and large
infarctions in patients with and without AF

group. Finally, vVWF was significantly higher in those

patients with SEC in the left atrium. Atrial At1:ia1
vWF plays an important role in platelet adhesion and fibrillation (+) fibrillation (—)
(small = 7, (small = 107;

aggregation by binding to the platelet glycoprotein Ib re-

ceptor. In addition to the extent of injury, flow mechanics large = 33) large = 27)
(particularly wall shear rate) are important in determining VWE (%) Small: Small:
platelet deposition and thrombus formation. Uchiyama et 188.9 (24.2) 176.0 (5.15)
al'? reported that shear-induced platelet aggregation is in- Large: Large:
creased in patients with atherothrombotic stroke and tran- 235.8 (16.1) 206.1 (12.1)%
sient ischemic attack and is significanily correlated with the DD (ug/mL) Small: Small:
amount of large VWF multimers. It is well recognized that 1.10(0.36) 0.95(0.19)
increased vWE levels are associated with ischemic cerebro- Large: Large:
vascular disease.’>¢ The possible mechanisms for the as- 2'57 ©.92) 1‘62. ©.37)¢
sociation between vWE and cerebral infarction include en- PIC (pg/mL) Sniaélé 051 Sniails. 0.69
dothelial dysfunction associated with thrombosis and Lar;ge: ©51) Lar;ge: (0.69)
ischemia-related release of vWF from infarcted tissue in the 2.80 (0.81) 1.63 (0.44)
brain. TAT (ng/mL) Small: Small:
Our findings of elevated vWF and other hemostatic 13.51(8.13) 8.17 (1.33)
markers of acute ischemic stroke are consistent with Large: Large:
those of several previous studies.'®”® However, the di- 12.84 (3.01) 6.60 (1.33)
agnostic criteria for ischemic stroke in these studies are F1+42 (nmol/L) Small: Small:
unclear and may be invalid or unreliable. The patients 1.37 (0.55) 0.94 (0.05)
included in this study were all diagnosed using diffu- Large: Large:
sion-weighted MRI, and blood samples were taken at the SEMC ) '07 0.12) 0'95_ (0.10)
. o . ) (pg/mL) Small: Small:
time of admission; therefore, it is unlikely that our data 32.57 (26.6) 1172 (2.14)
are contaminated through misdiagnosis of acute ischemic Large: Large:
stroke. 21.20 (7.39) 14.0 (6.93)
Nomura et al?® investigated hemorheologic markers in WBC (ml) Small: Small:
acute stroke and sequential changes at 3 time points 7242.9 (814.1) 6484.4 (171.0)
{from 12 hours to 6 months after onset), and found that Large: Large:
YWE activity increased more markedly 1 month after 7942.4 (522.0) 7255.6 (415.1)

admission compared with the acute phase. We failed to

Lo . . Patients with transient ischemic attack and without infarcts on
observe any significant difference in vWF 2 weeks after ) N )

) ) ) i magnetic resonance imaging were excluded.
onset, but did record significant changes in both DD and Data are expressed as mean (SE).

F1+2. *P < (02 by the Mann-Whitney U test.
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Table 6. Correlations between hemostatic markers in patients with or without atrial fibrillation

log vWF log DD log PIC log TAT log F1+2 log SEMC
log DD 0.359
0.334
log PIC 0.551 0.654
0.308 0.517
log TAT 0.319 0.867 0.657
0.172 0.407 0.406
log F1-+2 0.165 0.665 0.556 0.798
0.194 0.46 0.355 0.672
log SEMC 0.449 0.735 0.653 0.732 0.553
—0.022 0.225 0.457 0.689 0.519
log WBC 0.371 0.556 0.445 0.470 0.305 0.341
—0.028 0.033 —0.001 0.28 —0.001 0.047

Upper with atiial fibrillation (n = 40); lower, without atrial fibrillation (n = 143).
For nonnormally distributed markers, transformation to normality was made using a log-transformation.

Our results indicated that vWF levels are higher in
stroke patients with AF than without, which raises the
important question, “Why is AF associated with in-
creased vWE?”

Although the mechanism behind stroke and thrombo-
embolism in AF is unknown, nonvalvular AF is an estab-
lished stroke risk factor.** Previous reports have shown
elevated plasma vWF in patients with AF compared with
62225 suggesting higher vWE
levels in patients with enlarged left atria. A previous
work has shown a strong, graded, and independent as-
sociation between increasing blood concentration of vWFE
during the acute phase and all subtypes of ischemic
stroke, including cardioembolism.'” Others have shown
that 4 major clinical risk factors for stroke in AF patients
(advancing age, prior cerebral ischemia, recent heart fail-
ure, and diabetes) were all independently associated with
elevated plasma levels of vWFE,* and in the SPAF III
study baseline plasma levels of vWF were predictive of
subsequent stroke and vascular events.” Independent of
the reductions in left atrial appendage (LAA) peak flow
velocity due to AF, left atrial thrombosis has been asso-
ciated with endothelial dysfunction and hemostatic ab-
normalities.”

controls in sinus rhythm,

A recent study has found increased endocardial vWF
expression in association with thrombus formation in the
overloaded human atrial appendage.®® Other studies
have demonstrated that peripheral levels of vWT are
similar to intra-atrial levels in patients with AF and mitral
stenosis,®® that there is a correlation between elevated
plasma vWE levels and ultrastructural damage to the
surface of the LAA endocardium in patients with mitral
stenosis (many whom were in AF),? and that plasma
VWF is an independent predictor of LAA thrombus on
TEE in patients with AF.** This body of evidence sup-
ports the hypothesis that endothelial damage/ dysfunc-
tion is a plausible mechanism/marker of increased
thrombotic risk. We showed a correlation between in-
creased vWF and SEC in the left atrium, although the
sample size was small. Virchow suggested that abnor-
malities of blood flow, vessel wall (endothelium), and
infravascular coagulation factors must be present for
thrombus formation to occur, and that intra-atrial blood
pool stasis alone may be insufficient to explain intra-atrial
thrombogenesis.** The increased vWF levels may reflect
increased production from the left atrial endocardial en-
dothelium, possibly in association with damaged endo-
cardial integrity, and subsequent release into the blood

Table 7. The findings of transesophageal echocardiography and plasma levels of hemostatic markers

SEC (+) (n = 18) SEC (—) (n = 25) P
YWF (%) 210.3 (19.1) 154.8 (8.61) 02
DD (pg/mL) 1.13 (0.36) 0.73 (0.08) NS
PIC (jug/mL) 2.69 (1.00) 0.98 (0.08) 01
TAT (ng/mlL) 5.40 (1.68) 8.33(3.18) NS
F1+2 (nmol/L) 0.91 (0.11) 0.92 (0.15) NS
SFMC (ug/mL) 16.37 (10.33) 10.96 (2.62) NS
WBC (uL) 7544.4 (682.3) 6584.0 (351.9) NS

Data are expressed as mean value (SE) and analyzed using the Mann-Whitney U test.
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pool, which itself may predispose to intra-atrial throm-
bus formation.

It has not been clarified whether vWEF is linked to other
hemostatic markers in AF patients of ischemic stroke.
One previous study reported that a modest correlation
between vWF and DD in patients with AF and higher
yWE levels in patients with a large left atrium (>4.2 cm).®
DD (a fibrin degradation product) is a marker not only of
thrombin generation, but also of cross-linked fibrin turn-
over, whereas F1+2 and TAT are markers of thrombin
generation.”® Thrombin has a wide variety of effects on
the endothelial cell? in particular, the secretion of
vWF due to thrombin binding to specific cell surface
receptors. Another study®” reported that in patients with
chronic AF increases in vWF levels paralleled increases in
thrombomodulin (TM), a constitutive membrane protein
that is an important regulator of activated thrombin. In
our study, plasma levels of vWF were significantly cor-
related with those of SFMC and PIC in the AF group.
SFMC is a downstream marker of coagulation cascade
that reflects substantial thrombin generation and is
highly correlated with secondary fibrinolysis markers.
PIC is a marker of secondary fibrinolysis, which also
results from extensive thrombin generation and fibrin
formation. Therefore, these results support the hypothe-
sis that vVWF and fibrin interact to increase fibrin turnover
and thrombogenesis in AF patients.

We could not clarify definite mechanisms responsible
for the excessively elevated vWF during the acute phase
of ischemic stroke. Increased vWF associated with in-
creases in coagulation-fibrinolysis markers may suggest
increased endothelial damage/dysfunction, local athero-
thrombosis, and reduced flow in the left atrium as pos-
sible mechanisms of increased vWE. Further research is
needed to determine the true mechanisms, as well as to
evaluate the endothelial/endocardial damage, which
should be modified in the future prevention of stroke in
patients with AF.

We are much indebted to the doctors
and technical staff of the Department of Stroke Care and the
Department of Radiology and Nuclear Medicine, Akita Re-
search Institute of Brain and Blood Vessels for their
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FTob [MUEREER DR SLTA OIEERK & ¥IE 0O} 5k Tt CBF & O

SLTA | 2z — = = =
91 CB CBF B - I I A E7 NS = <
JE] i 0.37* 0.40* 0.49* 0.39* ns
REFRE
(n=230) v ns ns ns ns ns
JE] x 0.51%* 0.46** 0.55** 0.37* 0.44*
TRE
(n=34) <t ns 0.34* ns ns 0.34*
*Ip<0.05 **:p<0.01 ns:HFERMHEERLL
A5MAlm
IR BT EE
(n=32)
IR BB
(n=32)
® : p<005 " © /N

4 HRRAIORKE SLTA OIEEHE L #EOFF CBR & O
—,ﬁi‘}%ﬂﬁﬁ 32 5l & IR LB 32 B oD Hhgs — »

# SLTA & 41 @ /AT CBF & o FIBE % Hig 3 Bzl (R4),

% &, BRJRRATREE ZE R EL I T 0O BITEZE, 7z, wi& SLTA LA SLTA OIEEF D=
HISATE, VATAZE, BRUEECHRLHE2ZED A, ERERIOZES OFHE (18.1%) M EolE
3, BRIFRREECIRATHEE O CBF & O A48 REEFRE 304 (F932.2%) &, FHERFEO
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27 SLTA IFZR L PEFEY CBF L OB (n=25)
SLTA vs. 238k CBF

ARl

Ji CBF ~
SLTA #E CBF | &# CBF | CBF #4
#E SLTA 0.62*%* 0.59** ns
B SLTA 0.70%* 0.75%* ns
B -PIRIZE S ns . ns’ ns
SLTA vs. 443k CBF
# CBF _ .
SLTA #H CBF | &% CBF | CBF &4
#IE SLTA ns ns ns
=i SLTA ns 0.44* ns
-z ns ns ns
*1p<0.05 **:p<0.01 ns:BHERMAEEZL
Esm
ElE B iFaE
(n=13)
EEF B
(n=12)
@ - p<0.05

5 SLTA QE$EEOIFERD=S L RFT CBF 254 & OHE

— [EI{E RATEE 13 4 & B B 12 1o i —

EERBEEMH CE¥5.7%) O28T,
W SLTA L #1E¥¥ CBF & O HEE % #at

LT ER T, BIE R ZEF3R CBF

I ok

&M

R, EERRFNIAYEKCBE 2R
J2iEa, WECHEE, #<HEHOEERIEFRY
¥ CBF & b1 # o7z (R6b),
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CBF g% 2 ElfT - 72 25 Flic D W»W, #IEl &
B SLTA OIEZE R -, Flal & 2 B H CBF &
OFEBAREMR B MET LTz, ZEEEROWY CBF 2D
WL, B SLTA & 2 B H DO LEFEKCBF &
OB b - & b EL, HFHEEREOWTIIRKE
SLTA ¥ 2 mH D445k CBF © 4 tHE 2 & o




ERAGBEERGE 24 & E3E

GRTRBE TR BIFRELSLTCBFAE FLTL AR

| sammE %

| AnmE

6 SPECT 3D-SSP f&#7

ESNGIE

_ RESDFEEI2AR

ENQE |
Z score > 4.53 (p<0.05)

— RS BATTE 23 B & IR LB 22 10D Hok —

720 SLTA ©O#E45 L CBF 04 L IZEE2E
RO ots (RT). B SLTA OFHIEE
ZH, 25 FOFHE (59.9%) DL EOER BT
B 136 (P19 82.6%) &, FWHEARM OERT
REE 1240 (F1930.9%) %2 &, §EIRELF
FECIAIE OBk CBF & & SLTA O21&
P (r=0.65) , @IHEOFE (r=0.81) &
OHEEZRD, EFETRETIEERHEE LR
Thole, I SLTA & 2 0B O /AT CBF &
OB TCIX, BREFHO A, LHTESE, AR
E#58, 4 THEIEE O CBF 23RO 12,

F 7z, B SLTA #]0 SLTA QIEEEDZE
a0, 25 BDOESOFE (21.1%) BLLomE
1 RAEFRE 136 (W14 26.8%) &, FHIERBED
HAEREE 12 6] (P35 14.2%) O 28T~ 3
L, BERIFHDO A, SLTA DFEITHE D ESH
o5k CBF %24 L OB ERED 72 (F
BRCr=0.73, G¥HKTr=0.73), FETHEH LR
Ft CBF 0Z=45 0BT, B8 BRI O &l
RIAEER O JL #7838 ¢ CBF S MBS 2 30 72
(E5),
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I, SPECT 3 D-SSP fi#fric & 245t (X6)

SPECT 3 D-SSP f##fi % Fiv¢, A& 0B
WM AR 55 # (FHy 6212 %) 2RI,
FIENEE 989 H, 2 [ H 314 8 H i KFBER D
STl & s IMP-SPECT % MifT L7z, &
SLTA® ¥ EZEFR S 2556 © F % E
(51.8%) LALo¥nizE BIFHEE 23 B (739 78.5%)
&, FHLUTOERRT REE22 4] (745 23.8%)
O 2 FRTHE U, BRIRR BB TR RAFRE
& DM, IR AR OFIIESE, BHIEZE,
BISEEE D [AHE CMMRAME N L TR YD, 2[@EH
VAR, (IEH, SHTEZE & ARTHEEE, [EEZET
CBF OET 27z (p<0.05),

v, % 2

MZEFDOVNEY T - a T, BRERED
FHRTHPEEREO VO EDOTHY, TET VA
b EDO K EETFENCIG U T, BBl a s
T AERIET BLEENBH SN T 5, KRG
W2 & B EEFRE L REHEDEIE 2 5 L, iR
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JE OO [E48 1 1 — KRR EEE R, AT, F
VEIESE, RIS CoBRE L, 13IX6 4 AT
[f] 18 i plateau 2 # ¥ % (B & 2001, # A
2003)o < MLz % L T F 7R B AE & Broca ¥,
Wernicke 87z & 0 % 75 5 FERRE LA T {H]
DRBEER, H/NEERZ £ 2 0b 5 ATHEMESS
TRENTEY, KEEEDMRE I IEEIFE I L
T &Y R ERSENCEEI NS & F 25
ha Eile 1997, 55 2000), 5EOZEH
B CBF 2 & & 7z INf2E 1 X % 350 [l o Bt
EEr®b L,

@ SEEROEE X, FRE»S 33 AMKW
ORI T IR B O ZFBRENL, 3~624 H
T PER AL R IR R DB S L T
7zo 6 AR ORI EE ZBIHO
CBF b iZFHILIZS WEEZ 6Tz,

@ FEwE DI I EREBOEIE LRV O CBF
BAEBIWHEBIL, 55 AT T MR i
BROEE LTz, 70 UL E TIRIEHIHIO
CBF » 5D F#HFHIEREETH o7, BHIE
I RIFREME 2RT 2 & DREkD o 1B
ThTsy (dufges 1987, #£H 5 1996),
EESTH 21T EhIE T & A BREMOMEET
75 ¥ ORECEIENS TR E T 2 AIREH D
%,

®) REEFEOERRNC L, EEILZE CIIA LR

AL AR 2 380, ETLREE TG ERENL

WRIRIA IR DS s v o 2 AIREMEDS B o T2,

B A EE T TE AV ER I O HGE & A5 R AIEE

B oBEENREINTEB Y (Musso &

1999), WROWHE R LR THHMRTH -T2,

@ MR, KREEROEE X BT A

k&, i EEEk & OB EMENTRE S
- SEIOWER T, FEEIKFED 234H 5

17 #1, 2otk 6 B CEEIREE X BN E <,

B AEE 21 B B 10 B, ik 11 & i

FEETH D, REEHEDOER b ORI

IR LT B EEEEDS B - 72,

® LD EIE & CBF OfEIz ik SRR
wENH Y, WL, FFIeeIoME & CBF

Y DS EER DD o T, KRR DFEE

Wh X DD, G FOUIRRLILOEIR I

BLic & (EE S 199), HEEHETRSE
$, BRURES ORISR R I LB
ahTws (Jhfgs 1987),

® FHIHE O A P BRARE O EIE S 23 R R TE D ¥R

b o & bEEENE L, APERTEMEH
DRI b 5 ATREED B - T2, REEDER
IRPEEORE (4 & CBF Lo T
1%, BRI RIS AL T AEER & B R
ol h, EROBRETH S LHlE O CBF
E OFFEBMR LT L b EEORE & i
Lspole, BEDODKETIIRHIMEC L -
THEORE N SLTA DIFERICKMmI N
BROWHAEEME D E 2 oD,

SE| D FER T D FEE D © DA S KFE
RO EIEICEE L Tz, AT TlRAMER
AR & B A D MR I3 52 5, AHEERE
Yo B L D IR MM DE T W £ 0, AR
W RIEY 72 BB 4EER (penumbra) DFEREE T %
7L, ZOMEBMERENEDES LT
HEREIRIE DS A B 5 o FEEDSIEE L T2 D8R
DOEHEE, THHEREE OO BT L RT &%
Z6N5, BOREM: ORI B2 508
s, BMOMER EHMERD/ T Y ADEI
0, ThiTHEAFHCEREZE> T
B8, BEREOMIHI S M CBTEL L T8l 7 >
TATZENDBI LKLY, BEER LTI UBRRL
7o & T AL, FREIEHEO LS RIES
Tw3 (BRI 2002), TERAEOBEELLR,
S EEHRE O [BIE D300 I BARR I L STz s, eAE
AL TE R TR, AR AT,
TEERER ORI S RS E O BEE 1 LT L
THERESEIME L, 18I REBIRY B O ik
ERRATL, IS ERABEOYEE 278D
5 EEIN D,

SEERE D AR IS 3 hdo B A B = X A2,
@ G s - EFEERO SEEROEIE, @ £F
BROBEFHEB I B 2 BEOHEK, @ HFEK
2 & ARIEMEEREIHREEORE R LD 5
NTws (EHS 2003), AEAFRK L AFEAL
BERDWTNHBRFEEDEIE I L VBT 52
W E TSRS 0, RERE O BIRIX L F R R
DEFCRPBADORFEHEDEREEIC S o L bFE
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