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1. BUCBHIC

EREDARIZ, MEEEIRATAERE A @B Lo 1) ARE AT A BBENRZ 94T HERTIC, NHE
R 540 LARMEE ¥ Bo CTIRBWICA L. BELBR, ATBIREMAEL T2 ETIC, BRPOBIR
LR EER, ERERE CESHL, NEBRR L EELYEKE 0. IREMRMITIIIREINR B 05k
7 RLBETEIL LD, WEBIREISEE PREE L L A IRERILIE~OEHEOFEIC L 25/t WEImAT
Bl LCofgl, IRBIIRSY O KBS NBHESI L ) BRI AR« 2 RERE RS, IREIR M 77
MR E T NS RBIRMTOELHFFMATRETDH 5.

2. IREMR N 77 MARRE

IREACIRER A, RERMGA M & MITHT, DUEEIRAVE, pulsatlity index (PI), resistance
index (RI) %224 5. IREIRILGTST L, WEBIR O IRERICED ) FEZ R, 082 ERET5.
TEQOEBIRMAMEI, TbLEA)HEET, peak DHD/ v F 2 LT 5. (Fig. 1> BB

DY OTTREN, MDA —8 —CHeE b REA I RET 5.

3. 2

%3, REMIRMETTEEFFMYT 2. WIS, #i ENEFIZ AR S, #HIC to and fro pattern AN
b BIE,

IRENAR ML 7R 1A 2SR D 35E, MBIk O B MR AE CIET M OREMRME AT RE L, HEA
MFEAOBEIMITE & LCORBIRLKALELZESFNTH S, (Fig.2A) Z0O%HE, HEAD? L DHERE
BIIR LRI BENR 2 A L BEIMATRORENZ L, MTHENICREREEDOEEFHERNE. PI
B, BERIEERNNOQBIMTEE L TEEL TV ABARETHLDT, T—F 777 b OHFRET
BrOBWCEHTH S, BEROKOERE, REMEERORBECTEREVEVOTEREZET A7,
RER P AEEIROEREN CHELBATONREREET A5G 5.

AEBIAR LIS, to and fro pattern D& (Fig.2B), REMROESE DS, NEEIRYL &, SAEBR» S
EARERLTWARETSH A, Z0OHE, NEEIROMEREBEDFENITRINLY,

BRERIMAAIER OBFE, RICEEEREOFEIEETS. BEEEC, 7—FIREE, BiRBEILE,
BT BT OB, 7 —FIEFE (Fig.2C) iF, L5 LAY D95 peak T TORMH (acceleration
time) DHER L, peak b 2726047 —FROBRERL, IHPFRARESET LTS, 7 FIER
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Ophthalmic Artery Flow During Carotid Artery Stenting
Shoichiro KAWAGUCHI, Kenta FUJIMOTO, Hideaki MISHIMA, Young-Su PARK, Jun-ichi lIDA, Toshisuke SAKAKI

Department of Neurosurgery, Nara Medical University, Nara

This paper describes the detection of microembolism in the ophthalmic artery during carotid artery stenting (CAS).

Methods : During the CAS procedure, the ophthalmic artery was examined by color Doppler flow imaging (CDFI) in 18 patients with
internal carotid artery stenosis. Ophthalmic artery CDFI provided high intensity transient signals (HITS) and flow direction.

Results : Fifteen patients (83%) showed HITS, and HITS was seen in every CAS phase. During the post-dilatation phase with a distal
protection system, HITS was significantly more frequent in patients who underwent saline irrigation than in patients who did not (p<0_ 05).
The ophthalmic artery flow direction was abnormal in 10 patients before the CAS procedure. During CAS, the ophthalmic artery flow direction
changed in relation to the CAS phase. After CAS, the ophthalmic artery flow direction was normalized significantly in all patients (p<0.05).

Conclusion : The presence of microemboli in the ophthalmic artery was proved during the CAS procedure as HITS, and it was clarified
that the microemboli entered the intracranial or retinal circulation via the ophthalmic artery. During the post-dilatation phase, saline irrigation
was a significant risk factor for embolism even with a distal protection system.

Key words : carotid artery stenting, color Doppler flow imaging, HITS, ophthaimic artery
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BRI 2R X T A IRFEIE NASCET 23 U o

& HRBBHERDOER LY, FEIRMBLAEREER (CEA)
THLICEBRIITDA TV S, B EEREAEEHRE
xF L CEA IXfUb o THEIR A 7 >~ MEEHF (CAS) 7f, #
DEMBES L & D ICHITSNABEIMIMLTWAEY, L
PL%AH, CASHIHRDEMNIERILEEICELEELM
BTHAH*, CEA THREBIIHPERVHEL Y, £
DEZF — & LTH P FA A & KB B IR @ transcranial
Doppler (TCD) 24 %, high intensity transient signals (HITS)
DBEEVITONL.

FE O, ERATBIRMEMLRE CIRERILT * BIE
LT&ZY. FEFRTI, CASHPIREIRT 77 MitRE
ZRATL, CASHHRUMEFORBE, BEMRENLAE

ENERD 5 VIZRERNOBM/IEFRAOTEEYE, KU

TO/BEFIZOWT, IREYRMTTTE, REHR HITS OFF

SEERSHENARIARAE 123 L CAS BT L 18 Bl g & L
7z. CAS OEIHE, CEA IZXT$ A NASCET DEIIHE U7z,
BB, KEIBT, FHERHESSERTHo. iz
DFEEIL, NASCET H:T90% ML EMezest 14 61, 70% Lt
$RAED 4 BT, FEEAEIRIT transient ischemic attack (TIA) 15
i, reversible ischemic neurological deficit (RIND) 361 Ta& -
7o, BHEHREBEEREICL AT T — 7 EIROFE 12
BETT—7 T, FERETT—7 11 BTH o7, MR
EI BN EnRESRRE THRET L CRETE TR
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Table 1 HITS in the Ophthalmic Artery in Each Phase of Carotid Artery Stenting

Before After
shoath Sheath Wiring : Pre - Stent ‘Post'— sheath Through the
placement dilatation deployment dilatation procedure
placement removal
HITS was seen 0 4 8 11 10 11 0 15
HITS was not sesen 18 14 10 7 8 7 18 3
HITS: high intensity transient signais (cases)

Fig. High intensity transient signals (arrows) in the ophthalmic artery
revealed by ophthalmic artery color Doppler flow imaging.

L, A5 M EMMARESRO/ V- IZ L BBRERITY,
BYEE T o, OB, P77 ADERDIZDH, )
Ho 9B TIIMENRE & ZOBREBMEIEKIZE HH%E
o7, BP0 IFITIRERETDY, NEOKF DA
TEL L7, B/ V- v OBREYERL, IEERET
+oLREPHEREL - ARIRELL.

B &

CAS P2, N7 MFARE CHTMIRBIRMIT 2 BREL,
BEEDRR O high intensity transient signals (HITS) HEADOHFE,
M AmEEME L. F7IMmiRE, EREZECIR
£ TEZFEIETIFR » 7% Acuson $ 2 Computed
Sonography 128XP/102 &, TMHz D) =T RO 7o—7
T, # 50mw/cm? TiTo7z. 70— 7 ORFTIEFHIC
1T-7:. ERBIIRINGE T HITS DBBEHEIL, TCDIZX A/
KEREIIR D HITSYICHE U7z b 0 & L7z, BBOES & ) BiE
B¢, —HEET, O EBAICHE LEARREIZ 300
msec EUFC, %A O chirping sound % b0 & L7z (Fig).
BREDIR DI FT AL, BREERB L D RER~T@P ) b0%
NEFE, FodEHms L.

EREDAR K75 DEIZI, CAS OB, SR TEE THEE
B T o 72, CASOFERIIfE- THEMM%, 1) 1 Fi—
AEART, 2) HA NI —AFHEER, 3) 74 V—igER, 4)
FIVLEER:, 5) AT v MNEER, 6) ®RirER, 7) A M-
2AREHO TEHICHE L, ERHTOHITS BROFEL,
BREIER DR F A2 BB L.

FRETERY AT, chi-square test |2 & D 4TV, p/EAT0.05

DTorsFRELHELL.
wOR

1. IREDAR HITS (Table 1)

CAS s D BRI IC HITS % 8o /- EF1E 1541
(83%) T, 3% (17%) TIit HITS ¥ o7z, CAS
DFFICL B HITS OHBFEE L, BRIGRFFICELE <, R
AR TORBEENS B o2, CAS OEFHTAN
P OFEFT HITS A i, HITS A& I LzVv: CAS
DEFIF Do, BUEER HITS RO EFE 11T
Hol. HBUEEEEYREKIZLARELTR-7 06
8 (89%) 12 HITS ¥ EH70H, BB xiTih 3Tk |0
HTMAEZER L2 9FITIE 36 (33%) D& T HITS
RO, BT o EFMTHEEIC (p<0.05) HITS N
BHEEh o7z,

MO 75— 7 WIRIC LB HITS HEOBIFTIE, RE
ETI— 7 TR ILFIFLFIT, FETI— 7 TR T7HIH4
Bl (57%) &, REETS T~ THEIL (p<0.05) %<
HITS % 8% 7. BEHEOD - EFTIZLE (104) T
#reh HITS OB R ARSI OFHTRD2DS, BEHROZ
ol RTS8 FIF 56 (57%) THITS 289, BEFR
BDd o - mHT, BEIZ (p<0.05) HITS DHBHEENE
Dot

2. BEBMARIMGE A (Table 2)

IRBIIR ML AL 74 M — A@ARI, M8 fl, &
# 9%, toand fro 1 BITH 72, CAS ARERENAR MBK 518
BERICE TR FEmIEELL, FRER Cdh - 2ER
THLEHERHEREL 2 A2 EMNPTORDEFMOFELL. X
F v MEBEHRRTE, VA4 Ky~ AEERIZIZLE, BE
IR HENHINETR & %2 o 72, MFEFENL, CAS BRI
~HEFETFEMICEEIC (p<0.05) SHE L.

z =

CAS i/ Me TIEASRBIR & Y HEBARRNERRA
TAHEELH LD, CAS DFEFXUBIMITROEEDERE
X WERBRE N L-EERERNORAIELLNSY,
L Led s, ERREERCH/METIHER SN, HEA
T BBRBEENORAZTHL I LAHERRRELED
EZEZLDLOUMN RV, RBETEELIL, CAS POIRE)
WTHM/IRTFREDL, FORBERL LTORDROE
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Table 2 Ophthalmic Artery Flow Direction.in Each Phase of Carotid Artery Stenting

Before After
shoath _oreath g Prem o Stent o Post- ok
placement dilatation deployment dilatation

placement : removal
Antegrade B 8 7 4 11 1 18
To and fro 1 1 2 0 1 1 0
Reversed 9 9 9 14 6 16 0

(cases)
FEXBLLE Lz, MCA TOTCD 2L 5 HITS OEIETIE, ToBE, EROBEL —KTAHV, L Liedhb, Thb

WK AL THE A MCA NRA LB/ F23R2 A2 &1
WEEIAY, T DMARBOFMIIATERTH 55, K%
TRERD> LHERBANORIMETFOELRALRE LTE
ALNTELBEEROFEES, BERK N7 S OERETICE
% HITS OBBE» 6B L0 e L.

1990 4E Spencer %3 CEA #f& TCD {2 & 5 MCA M DER
82T, MREFIVELNIRELEF L LTHITS ¢
L, TNeT L BET LI e E LY.
HITS 7S 5 L EEORRATHE 5 2 £ %, HITS 13
RN EERI AR B LEBESSEERREETL NS
(BOLNBIEDHEINTVEYD, MCA (28T 5 HITS
DEWHEIEECHBRMOZLH NERZL2bDE L
B, —Riis, (1) RERTHPOEERCREILT —
F77 7 bOBRN, 2) —FanL T, (3) BRE
FERBT AT NNVEMEA6AB BLE, (4) GV iEhEsE
(300ms £AF), (5) Chirp B spap BEx o T3, (6) dual
gate CREHZEN S A 4 EOEHPFBETLATHS, KE%
TIIBEIAR I B A NEF % HITS & LTEHELREILE.
ARESAR T D HITS DF,EIZ 2 {, MCATDTCDIZL A4 D
(2HE UIRBYAR HITS 2o W THRBRE TR Tz, 4%, R
BIARIC 31T % HITS OBMEREICOWTHRMEZRL L DI
REEMAHLEND S,

SEOFETIE, REROMKAHMESEHE L. REMK
DM H ML, CAS BEDOHEITL & bITHERLLZ. W
B, BREDARZBR TH o7 ERITS, T4V —8ER, &
METONM— VI ABEICLVES ICEBIREERT
b, TOBBEEMNLT, CASWHM/IMTFIIASICEER
BRICHATAZEDPHL N E R o7 F/2, BT BITS
RO LNN, MEFISIRERICEE LIRBMN % 5%/
T, fEo T, IRBIIRIMIT IR CAS Aish SR AT U A ER
OWRICERLRERE 25, RUGRE, EEEWERED
7oOI, 7o REVEANERRD SV — VI L ABERTTo
Tz LTh, ERPYEEATBHRRICEELET &
R L TV AIRBIRILIE A AL, BERERTFRT S
ERENDH Y RIFEL OBIFTIREFRHTHL LWL
s ToWAN

SEORE T, RETICREERY, 8k —T
TRET 7 — o OWRERTERTIZ HITS DHEIEIE -

EQANE

HRERDIVRAI 777 5 —DHVERITY, #H60% DE
BT HITS 2%, Ih6DFR &ITEBRIIBINETII
BENBTREED S DM HEIERTLILENH 5.
KEFFE T, BRBIRMITE K79 MBRETITR o7,
kb, FEOLEREY BV CEBIRMIE* ASHEBIREEE
WHRETEHBLRE L THRALY, AREEIFHE LTER
ALINTEHYEBEHAESICHEBROMEKSE, F77iC&
LM EEDFMEHLTETHS. FEARETRICLINAE
LABOBBOETHEH, EFELIL, ERPOEDNE+S
IET S, BRICET RS CHMERZVEROMNT
ThoTwa, F7IICLHRERMAREIL CAS DFH
RERNICT R o, L2LRXS, TO—-TOEENH
B2, BRRUVBBROMEIEOMIC &L h BEILIE S
TREELZZ DS ) FE—BAICKREP—ZOREDL R
CRHEFSRICBET 2 Z LEARTRTH o 7o, EBE, REIK
DEEE 20-30 HMBERRLLL, BPEBRIREY
SHEELRPoI

BRENAR 3 2 K75 MBRESHRMIC 26 E5 21
BWZ EERRFRICBAMBEA T H A, FhE, HITS
BB D false negative D REWTH L. F 77 2 GIRERA
FTHABICHITS & LTEH X BREH DD, RENR% #E
L7 TR T 5. MCA TO HITS OEIEE, B
M7 O HITS ODHRBEETRHRLONL I EAE W, L
Lz#%h, A BEOIREIROEEETIL HITS O HIRERE ORI
X, EROFERNERI SR TH AN T, FHET
HEFHICBIT S HITS OB OFE TR LRET L 7.
BRI E LIEARS A2, BREIR F 77 mik
BEZOTHORELOME S Y, BROBRIZIZT4
IKEELTETS. 4%, REMRTO HITS O BBEEORES
APARELREERER L, CASHIF HITS DHEEANDIHA
BRTEDIREZTILENSHL. F72, MCA TDTCD
I &% HITS DFTR & DR, #i#& MRIFTR & O3t
W&, EREEOERTRATLLEFH 5.

w O

IREDIR N 75 MIRAREIC & b, CAS A RIEREINR T 81%
DFEFIT HITS 25820 S 7. IREMRIMIF F ML, CAS DF
B2 U TBEZRE L. HITS (ZREIR A & &%
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Elevation of plasma oxidized LDL in acute
stroke patients is associated with ischemic
lesions depicted by DWI and predictive of
infarct enlargement

Masaaki Uno*, Masahumi Harada**, Osamu Takimoto*, Keiko T. Kitazato¥,
Atsuhiko Suzue*, Kazuhide Yoneda**, Naomi Morita**, Hiroyuki Itabe*** and
Shinji Nagahiro*

*Departments of Neurosurgery and **Radiology, School of Medicine, University of Tokushima,
Tokushima, Japan
***Department of Microbiology and Molecular Pathology, Faculty of Pharmaceutical Sciences, Teikyo
University, Kanagawa, Japan

Oxidized low-density lipoprotein (OxLDL) plays a major role in atherosclerosis. We undertook
the present study to clarify the relationship between plasma OxLDL and the ischemic volume.
We used ELISA to determine plasma OxLDL levels, and performed diffusion- and perfusion-
wei%hted MRI (DWI, PWI) to measure the ischemic volume in 44 ischemic stroke patients. Based
on the location of the ischemic lesion, they were divided into three groups: Group | (Gl, n=21)
had cortical lesions, Group Il (Gll, n=17) had lesions in the basal ganglia or brain stem, and
Group lll (Glll, n=6) had massive lesions that involved one entire hemisphere. In G, but not Gll
and GllI, plasma OxLDL was sigi'niﬁcantly higher than in 19 age-matched controls (p<0.01) and
was significantly correlated with the initial ischemic volume visualized on DWI (p=0.01), PWI
(p<0.01), and the DWI-PWI mismatch (p<0.05). A persistent increase in plasma OxLDL was
associated with enlargement of the ischemic lesion in the early phase after the insult. These
findings suggest that elevated plasma OxLDL levels are associated with moderate ischemic

damage in ﬁatients with cortical lesions (Gl), but not those with massive hemispheric lesions

(GIII), whic

may be irreversible. In addition, elevated plasma OxLDL may represent a predictor

of enlargement of the ischemic lesion. [Neurol Res 2005; 27: 94-102]

Keywords: OxLDL; diffusion-weighted imaging; perfusion-weighted imaging; cerebral ischefnia

INTRODUCTION

The treatment outcomes in patients with acute ischemic
stroke remain unsatisfactory and effective new therapies
are needed to improve their prognosis'%. The ability to
distinguish between patients with potentially salvage-
able ischemic tissue and those with irreversible damage
represents a cruciai factor for the development of
effective treatments. Oxidized low-density lipoprotein
(OxLDL) plays a prominent role in the patho-
genesis of atheroscrelosis® and elevated plasma
OxLDL levels were associated with coronary disease®”.
In our previous study?, we used specific antibody
against  oxidized  phosphatidylcholine  (FOH1a/
DLH3)° by which OxLDL is recognized, and first
demonstrated the significant association between raised
plasma OxLDL and acute cerebral infarction, especially
cortical infarction. We posited that plasma OxLDL

Correspondence and reprint requests to: Dr Masaaki Uno, Department
of Neurosurgery, School of Medicine, University of Tokushima, 3-18-
15, Kuramoto-cho, Tokushima, 770-8503, Japan. [muno@clin.med.
tokushima-u.ac.jp]

94 Neurological Research, 2005, Volume 27, January

reflects oxidative stress in stroke patients and that it is a
more specific biological marker than conventional risk
factors in ischemic stroke patients®.

While it remains to be clarified, whether plasma
OxLDL elevation is linked directly to brain damage, we
speculated that it is associated with large lesion
volumes. If the plasma OxLDL levels were, in fact,
correlated with the severity of brain damage and could
predict the expansion of the ischemic lesion, then
plasma OxLDL would represent a useful biomarker to
determine whether an acute ischemic stroke patient
retained tissue responsive to treatment of the infarction.

Diffusion- and perfusion-weighted imaging (DWI,
PWI) studies are the essential elements of an integrated
MR examination of acute stroke patients, and they are
the most widely used methods for the diagnostic
evaluation and management of patients with ischemic
lesions'®'". The region exhibiting PW1 abnormalities in
the presence of normal DWI findings is termed the
DWI-PWI mismatch and appears to facilitate an
approximation of the potentially salvageable ischemic
area'®"2, If, in addition to MRI and CT findings, we had

© 2005 W. S. Maney & Son Ltd
10.1179/016164105X18395
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available an easily accessible peripheral biomarker to
provide information on the degree of brain damage, this
would aid in assessing the diagnosis and monitoring of
patients with cerebral infarction.

Based on these considerations, .we set out to
determine the relationship between the plasma OxLDL
fevel, and the stroke volume and neuronal deficits, and
evaluated whether a plasma marker is useful for
identifying reversible brain damage in patients with
acute cerebral infarction.

MATERIALS AND METHODS

Subjects

Our study population consisted of 44 patients (25 men,
19 women) ranging in age from 35 to 84 vyears
(mean+SD, 68.3+11.6 years) who had suffered an
ischemic cerebral infarct. The controls were 19 age-
matched healthy volunteers who had no history of
cerebrovascular accidents (nine men and 10 women,
aged from 34 to 74 years; mean+SD, 61.249.6 years).
The patients had been admitted consecutively between
February 2000 and March 2002 to the Department of
Neurosurgery at the University of Tokushima Hospital.
Prior informed consent was obtained from all study
participants or their relatives. All patients underwent an
MRI examination at admission; echocardiography and
extracranial duplex ultrasound were also performed in
all patients. A diagnosis of stroke was based on clinical
findings. An NIH Stroke Scale (NIHSS)'*'* score was
assigned at admission, and again 30 days after stroke
onset or upon discharge. Baseline data (age, sex),
conventional vascular risk factors (hypertension, dia-
betes mellitus, hyperlipidemia), previous atrial fibrilla-
tion were recorded. Patients whose pertinent data could
not be evaluated at the time of stroke onset and those
with hemorrhagic infarction were excluded from this
study. Four authors (MU, OT, AS and SN) blinded to the
results of the OxLDL level studies classified the 44
patients into three groups based on clinical manifesta-
tions. As shown in Table 1, 17 patients were in the
cardioembolic, 16 in the atherothrombotic and 11 in the
lacunar infarction category. The stroke subtypes were
defined according to the TOAST classification system'>.
The atherothrombotic infarction group included patients
with clinical and imaging findings of either significant
stenosis or occlusion of a major artery, or a branch of
the cortical artery, presumably due to atherosclerosis.
The cardioembolic infarction group included patients
with arterial occlusion presumably due to an embolus
arising in the heart. The lacunar infarction group
included patients with one of the traditional clinical
lacunar syndromes and no evidence of cerebral cortical
dysfunction, and patients whose MRI did not show
lesions exceeding 1.5 cm in diameter. Using the results
of MRI studies, patients with cerebral infarction were
further subdivided into three groups according to the
site of the infarction (Table 7 and Figure 7). Group 1 (Gl,
n=21) consisted of patients whose infarction was
located in cortical regions in the cerebral hemisphere
and involved the frontal-, parietal-, and temporal lobe,
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or the occipital lobe and cerebellum. Group il (GlI,
n=17) contained patients whose infarcts involved basal
ganglia regions in the anterior circulation (putamen,
caudate head), corona radiata, or brain stem and
thalamus. Patients with massive infarcts (ischemic
volume >100 cm’) that involved the cortex and basal
ganglia were assigned to Group Ul (Glll, n=6). Risk
factors for each group are also shown in Table 7. MR
angiography (MRA) or cerebral angiography revealed
occlusion/stenosis of the internal carotid artery (ICA) or
horizontal portion of the middle cerebral artery (MCA)
in 14 of the 21 Gl patients (66.7%). Of the 17 Gl
patients, two (11.8%) had ICA or MCA occlusion/
stenosis, and all Gl patients manifested ICA or MCA
occlusion. All patients were scored on the modified
Rankin scale (mRS) at 1 month after stroke onset or at
the time of discharge.

Blood sampling

Venous blood samples for OxLDL assay and other
biochemical analyses were obtained on admission
(within 24 hours following stroke onset), and 3, 7, 14
and 30 days after onset. To measure plasma OxLDL
levels, blood was drawn into tubes containing EDTA-
2Na and centrifuged at 4°C for separation. Other
routine chemical laboratory assays were performed
according to protocols established by our Clinical
Laboratory Department.

Isolation of LDL

LDL isolation was performed by potassium bromide
stepwise  density-gradient  ultracentrifugation  as
described previously'®. Standard OxLDL was prepared
by incubating LDL with 5 pM CuSO, at 37°C for 3hours
and anti-OxLDL mAb was prepared as described
previously'®.

Table 1: Demographic characteristics of the patients

Gl Gl Gl
N 21 17 6
Male/female (n) 14/7 7/10 4/2
E/A/L (n) 11/10/0 1/5/11 5/1/0
Age (years) 67.8+12.6 66.1+11.8 76.0+5.5
OxLDL (ng/ug/apoB) 0.264+0.14 0.1640.04* 0.22+4+0.10
DWI (cm?) 18.24+11.0 1.84+2.2 288.0+174.3%*
PWI (cm?) 64.94+66.4 1.4+009* MV
DWI-PW! mismatch 48.4+64.0 -1.0+2.6* MV
Initial NIH stroke scale  8.2+6.1 3.84+3.1* 24.846.8%*
Modified Rankin Scale  2.5+1.4 1.7+0.8 5.3+41.2%*
Hypertension (%) 66.7 47.1 83.3
Diabetes mellitus (%) 47.6 41.2 50.0
Atrial fibrillation (%) 38.1 11.8 333
Hyperlipidemia (%) 381 52.9 16.7

Values are number (n), percentage (%) or mean+SD. E/A/L, stroke
types defined according to TOAST classification system; E, cardioem-
bolic; A, atherothrombotic; L, lacunar infarction. *p<0.05; **p<0.01
vs Gl group by ANOVA followed by Scheffe’s test. OxLDL, oxidized
low density lipoprotein; NIH National Institutes of Health; MV,
missing value,
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Figure 1: Diffusion-weighted images (DWI) for the three groups classified according to the location of the lesions. (a) Group I: cortical
lesions. (b} Group 1l: lacunar lesions in the basal ganglia. (c) Group Ili, massive lesions involving one entire hemisphere

Determination of plasma OxLDL levels

To measure plasma OxLDL levels we used the same
procedure as in our previous study®. Briefly, a sandwich
ELISA procedure was performed with monoclonal Ab
against oxidative phosphatidylcholine (FOH1a/DLH3;
DLH3)? and apoB IgG antibody (Boehringer, Germany).
The complex was detected by phosphatase-conjugated
donkey anti-sheep IgG antibody (Chemicon, USA) and
visualized by incubation with a substrate solution
containing 1 mg/ml disodium p-nitrophenyl-phosphate
hexahydrate (Wako, Japan). Absorbance at 405 nm was
measured for comparison with a standard curve obtained
under the same assay conditions. Simultaneously, we ran
a parallel set of ELISA using anti-apoB mAb (OEM, USA)
to determine the amounts of apoB in the same lipoprotein
fractions. The OxLDL levels were expressed as amount of
OxLDL per pg of apoB protein.

Determination of ischemic lesion and size

MRI was performed with a 1.5 Tesla unit (Sigma
Horizon; GE Medical System, Milwaukee, WI) with
echo-planar capabilities. The acquisition parameters for
DWI were as follows: 10,000 ms/95 ms (repetition
time/echo time), 128 x 128 matrix, 5 mm-thick sections,
1.5 mm inter-slice gap, 12 axial sections and diffusion
gradients of 15 mT/m applied in three orthogonal
directions. The b value was 0 and 1000 s/mm'®." PWI
was performed using the flow-sensitive alternating
inversion recovery (FLAIR) method'®. The FLAIR tech-
nique is based on IR-prepared echo-planar imaging
sequences. After the collection of slice-selective and
non-slice selective IR images, two different images were
subtracted to obtain blood-flow imaging. The measure-
ment conditions for FLAIR were as follows: time of
repetition (TR)=2 seconds, echo time (TE)=10 ms,
inversion time (T1)=1200 ms, slice thickness=8 mm,
5 mm inter-piece gap, field of view (FOV)=24 cm,
non-slice selective pulse four times thicker than the
selective pulse, matrix=96 x 96 pixels and number of
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excitations=100. The volumes of hyperintensity on
DWI and of hypointensity on PWI were determined by
three experienced neuroradiologists (MH, KY, NM)
blinded to the clinical status of the patients. Utilizing
GE calculating software, the lesion volume on DWI,
PW! and the DWI-PWI mismatch were calculated
[IDWI/PWI mismatch volume (cm®)=initial lesion
volume on PW!I minus initial lesion volume on DWI].

Statistics

Sequentially obtained data, expressed as the
mean +SD, were analysed with the Mann—Whitney U-
test for two-group comparison; ANOVA, followed by
Scheffe’s test was used for more than three-group
comparisons. The correlation between the OxLDL level,
and the stroke volume and neuronal deficits was
examined by the Spearman rank correlation test.
Statistical analyses were performed on a Macintosh
computer running statistical software (Stat View 4.0).
Statistical significance was considered as p<0.05.

RESULTS

Plasma OxLDL level, ischemic volume, neuronal deficits
and risk factors in 44 patients with ischemic stroke

The characteristics of our patients are presented in
Table 1 and Figure 2. Patients with cortical lesions (Gl)
had significantly higher OxLDL levels than patients with
lesions in the basal ganglia or brain stem (Gll), and the
controls (p<<0.05, p<0.01, respectively). Admission
DWI showed that Gl patients tended to manifest a
higher ischemic volume than Gli patients (18.2+11.0
vs 1.8+2.2 cm®, mean+SD). In patients with massive
lesions that involved one entire hemisphere (Glil), the
infarct volume was significantly larger than in the other
two groups (>100 cm?, p<0.01). The abnormal area
depicted by PWI and the DWI-PW! mismatch was
significantly larger in Gl than GlI (p<0.05 each). Due to
their bad clinical condition, only two of six Glli patients
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Figure 2: Stroke volume, plasma OxLDL, NiH stroke scale and modified Rankin Scale of each study group. (a)
Stroke volume. (b) Plasma OxLDL level. (c) NIH stroke scale. (d) Modified Rankin Scale

were available for PWI and DWI-PW!| mismatch study, a
number too small for statistical analysis. The admission
NIHSS was significantly higher in Gl than Gll (p<0.05)
and the mRS score of Gl patients was significantly
higher than in the other two groups (p<0.01).

Correlation between plasma OxLDL levels, and ischemic
volume depicted on DWI and PWI1, and DWI/PWI
mismatch

As shown in Figure 3a-c, in G, there was a significant
correlation between plasma OxLDL and the infarct volume
based on DWI (p=0.01), PWI (p<0.01) and DWI-PWI
mismatch findings (p<<0.05). In Gll, plasma OxLDL was
not correlated with the ischemic volume assessed by DWI
(r=0.043, Figure 3d) and PWI (r=0.076, data not shown).
In GllI, plasma OxLDL was not significantly elevated and
there was no correlation with the ischemic volume (data
not shown).

Correlation between neuronal deficits assessed by
NIHSS, plasma OxLDL, and integrated ischemic volume
determined by DWI and PW!I in Gl

As shown in Figure 4a,b, in Gl the NIHSS score was
associated with the initial stroke volume; the association

appeared to be stronger with the PWI than the DWI
lesion volume. In addition, there was a significant
correlation between plasma OxLDL and the initial
NIHSS score, but not with the mRS score (Figure 4c,d).

Elevation of plasma OXLDL in the early phase is
predictive of infarct enlargement

Figure 5 depicts changes in OxLDL and lesion volume
determined by DWI that evaluated between stroke onset
and 3 days after the insult, in Gl and Gll patients. In GI,
plasma OxLDL remained significantly elevated
(p<<0.01) compared with the control and the elevation
was associated with further enlargement of the lesion
volume as determined by DWI. However, during the
chronic phase after ischemic stroke, it decreased to the
control level; this finding coincides with the observa-
tions we reported in our previous study® (data not
shown).

Hlustrative case

This 81-year-old woman presented with total aphasia
and was admitted to our hospital 3 hours after stroke
onset. She was lethargic and her ECG showed atrial
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fibrillation. Her admission NIHSS score was 11. Her
initial DW! demonstrated hyperintensity in the left
temporal lobe (Figure 6a,b); the lesion volume was
27 cm?®. Her plasma OxLDL was 0.298 ng/iig apoB.
MRA showed occlusion of the left ICA (Figure 6¢). We
classified this infarction as cardioembolic and assigned
her to Gl. Serial DWI cbtained 3 days after stroke onset
showed enlargement of the lesion volume to 42 cm?®
(Figure 6d,€) and her plasma OxLDL had increased to
0.418 ng/ug apoB. She regained alertness and her
aphasia improved slightly. At discharge, 17 days after
the insult, her NIHSS score was 8.

DISCUSSION

The present results of DWI, PWI and DWI-PWI
mismatch studies showed that in stroke patients with
cortical infarcts (Gl), the plasma OxLDL levels were
correlated with the initial ischemic volume. Sequential
studies over 3 days post-insult showed that a persistent
increase in plasma OxLDL was associated with enlarge-
ment of the infarct volume. On the other hand, in
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patients with severe massive infarction involving the entire
hemisphere (Glll), plasma OxLDL did not increase
significantly. DW! and PW! studies showed that the plasma
OxLDL level in patients with small subcortical infarcts
remained similar to the control and was not correlated with
the infarct volume. In our previous study®, plasma OxLDL,
increased immediately after stroke onset especially in
patients with cortical infarction and continued to increase
for 7 days. It returned to the baseline between 14 and 30
days after the insult. These and our current results suggest
that the observed OxLDL elevation reflects progressive
oxidative damage in patients with ischemic lesions and
may be predictive of enlargement of the lesion during the
acute phase. In contrast, in Glil patients plasma OxLDL
levels did not increase significantly, although their mRS
score at discharge was significantly worse than in the other
two groups. Therefore, plasma OxLDL did not reflect
irreversible damage to cerebral tissue in patients with
massive infarction.

Elevation in free radicals may be an etiological factor
in stroke'® and there is convincing evidence that in
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Figure 6: lllustrative case of an 81-year-old woman with a cardicembolic infarction who was assigned to Group 1. (a,b) DWI obtained at

onset shows a hyperintensity area in the left temporal lobe. (c) MR angiogram demonstrates occlusion of the left internal carotid artery. (d,e)
DWI obtained 3 days after onset shows enlargement of the hyperintensity area in the left temporal lobe :

ischemic brain injury, reactive oxygen species (ROS) are
directly involved in oxidative damage to cellular
macromolecules'”"*®. Although brain cells are normally
well protected from ROS by antioxidant defences
including oxygen radical scavenger enzymes, they are
overcome by the over-production of ROS and the
consumption of antioxidants in ischemic brain tissue'®.
The excess generation of ROS in damaged cells leads to
oxidation of lipoprotein core lipids and of the cell
membrane. These modified apolipoproteins and other
proteins can induce macrophage activation and the
generation of ROS via both the uptake of their scavenger
receptors, and the interaction of macrophages and T
cells?®, thereby promoting the oxidation of low-density
lipoprotein. While, at present, we do not know to what
extent extracellular oxidant stress may also directly
affect the intracellular redox balance, enhanced extra-
cellular oxidation may also participate in the weakening
abrogation of intracellular antioxidant defences.
Although increased plasma OxLDL may derive from
both systemic and focal oxidative stress, OxLDL
elevation shortly after an ischemic insult may be
attributable to leakage from brain cells undergoing
oxidative damage. This hypothesis is supported by our
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observation that patients with massive infarct volume in
the early phase and patients with cortical infarction in
the chronic phase did not manifest high levels of plasma
OxLDL.

Chopp et al®' suggested that nuclear DNA damage
following cerebral ischemia involves two distinct
mechanisms, oxidative injury and endonuclease-
mediated nuclear DNA fragmentation. DNA fragmenta-
tion by certain activated endonucleases, including
caspase-activated endonuclease, occurs at a relatively
late stage of post-ischemic cell death?'?2, On the other
hand, oxidative damage resulting from direct attacks by
ROS such as hydroxyl radicals and nitric oxide
derivatives in the early phase after the insult' may
represent an early event that is reversible by DNA
repair mechanisms?3-28

Ren et al?® documented that in rats, the levels of
cytoprotective heatshock protein 70 in the ischemic
brain hemisphere were maximally increased at 24 hours
post-insult and that the increase persisted for at least 7
days in the ischemic cerebral cortex. This phenomenon
may also be reflective of neuroprotection and suggests
that, as is the case in humans, oxidative damage in the
early stage after stroke insult may be reversible in this
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animal model. We posit that in patients with moder-
ately-sized cortical lesions, elevated plasma OxLDL
may indicate the survival of salvageable cells under
oxidative stress and suggest that these patients should
receive aggressive treatment, including the administra-
tion of antioxidant drugs.

It is likely that the DWI/PWI mismatch area is
indicative of potentially salvageable tissue'®'2. In
animal . models, oxidative cerebral damage was
present in the penumbra, as well as the ischemic
core®®31, The data presented here show that increased
OxLDL was reflected in DWI-and PWI findings, and in
the DWI-PWI mismatch ratio. As PWI studies regularly
over-estimate the region at risk, efforts are directed at
identifying PWI parameters that will more accurately
define 'this region®2. The findings presented here show
that determination of the plasma OxLDL level can be
used to strengthen the diagnosis reached by image
analysis.

Gl and GllI, but not Gll patients manifested a high
NIHSS score. In Gl, the NIHSS score was correlated
with plasma OxLDL levels, and with DWI and PWI
findings, indicating that in patients with moderate
cortical infarction, the plasma OxLDL level can reflect
initial neuronal deficits. However, the OxLDL level was
not predictive of outcome in Glll because the mRS score
in these patients was high despite the absence of
significant OxLDL elevation.

CONCLUSION 4

Our study documents that plasma OxLDL is a useful
peripheral biomarker that indicates oxidative damage in
patients with moderately-sized infarcts. Studies are
underway in our laboratory to evaluate the efficacy of
antioxidants, including radical scavengers, to strengthen
the antioxidant defences in patients with stroke by
evaluating the plasma OxLDL level.
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B AFAEE | PWL T2 E®E, MRA) 2fT L7,
20044 3 B 5 & 13 ERFK#2 3 T-MRI T stroke MRI % Ki{T
L, HEMTT v VIVEEIZ X 5 tractography * MR
spectroscopy (MRS) ##E L, MEE M O ET MR
FHIOVTLBH L7ze T0OER1) DWIRABKE
BORER 1M TOENS2HER (1mm¥EE) T
BHTEA, 2) HBREERER 3 BML LA TITH
WX, 3) DWI/PWI mismatch #550% L E3H % F
SEREAEICKH L TIREEFESHCE 2D, Wk
SH D stroke MRI THIRETH o7z, 4) BHMABME T
4 stroke MRI TE ¥ L1187, 5) tractography ®° MRS
PRETDOTFHTFRUTELTEEN DL, ZLdb
Pol, FSUBRERBEEFEOM PR/ LDL 2 fllE
ThE, WEEBEIEBEO-3BHEPITTRERLD
FECLEL, BICERICRES S HER TH{LLDL i3
Bhrork, SRHEDIE LY MFELLDL 2 HlET 2
CETHEEOEER L GRTRB Y R TE 5k
iR L7,

FEU&IZ

BEFRABOREROE M THY, HoBAEY
DERNEINTHD, REHIIBRRERTHY), £0
THLIBRIBEODHRELEMOR Y v THPLET
Hb, FRICHHELOTE L OEFII—BOKSRFIC
gah, LT LIBEROBELEBELEITVERY
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DPWERTHAI), FO—20FEEBE LTRkEREL &
D LAEEERESRMERERRE L FITAND &
RBELTI R0l e EZOND, WEFRDNDL)
TR RBIIREGEMESEREN > 5B IEET
BIET, FOFHIKRELYBTAIENFT—O w8
HRLOIICHESRTVE D, bhbhidEY KEREE
LTHBESERN R VAT L E L TURBEH CRETRE
PRI ANEZH - 1B T 5 stroke care unit (SCU) %
190911 A LR LA, bhbhMiliTEERIIEE
TAHHEHMRI ZFIH L TREFBRMEHIC stroke MRI
RHAT L, ERERZW 2000 TEA2 S, F2REm
HWEOBEILA F L AD biomarker & L T, 2K
FREFOMFE{LLDL xBIE LS9, ThbnER
HECLT, REPZHORSTREY, MPELEND
W ORBTMEBRET 5,

MHREFE

199948 & b HBRIC stroke care unit (SCU) # B L T,
ABE AR CRMEME R ¥ ZIT AN TE /229, 54
MoOSMEMEPBREIIE0LTHY, FORREIBHE
£2370%1 (55.6%), BEml41%0 (21.3%), < HETH
mo78i (14.7%) Tah o7,

1. SCU D&l & BBl &

AR 0z, HEDHEE, REHEER, EER%
WA, ERE, BERAR, REmER, REWE, T
B, BETHEBOB NI 2B T, SHBEMEPEE © 24
EHITEIT AN, BEEHOBEIHBIRZLRIC
¥ 4 stroke MRI % /4T L 7=o Stroke MRI X §Ha %I E
A2UREREHITF — A %4 A&, diffusion MRI (DWI) ,
perfusion MRI (PWI), T2-MRL MRA % B&THAT L7
BaERE Y LTH DWL T2-MRI TSR C&19,
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COETHM% B> 72 EFADOARZMICEECT 2T L
AR
2. Stroke MRI = X BB A8 OHRE

Stroke MRI I & Y LT O &f % /- B E O KM
ERELT, LRBEBFEEZTIZLICLTYS (B
1)519, ODWI TREMNNS L, »POPWITKE
MR THIRA D 5, §% 55 DWI/PWI mismatch
FREW 0% LEHB), @QMRA CERBK (WH
Bk, HARBEEIRAKTE, #EREBR) 1C70% L0
BRDHDVIZHAENDHH, QUIKBERHAIRESS 6 BH
DAITRETH 5, M EDOSRMEZ M TERIET C
MEBE LT 077
3. 3T-MRI O#& A

20044 3 B » 6 (X EE R #2 3T-MRI T stroke MRI % ¥
7L, ERHTT v VIVERIC X 3 tractography ®° MR
spectroscopy (MRS) # #52 L, MM 0 E1T RA
HIZOWTHEBEI L7,
4. MPEML LDL DHlE

SHEREFRBEEOMFE IR L, mE+ o 0xLDL
TARER & ASBRF L /cB{b LDL £/ 7 0 — L4k (DLH3)

Y=t -Pak il

VDWITERICIE®R 7

hyperintensity Z g8 5 5 D
v DWI/PWI mismatch2%50% L4

T DHEBY

— PREFRYREE

v DWI/PWI mismatch?3$50% L)
L& BB THREED & W LA

D REH

—>  BhR P ILAR VA R
R 500 SRl AR PR ) A

FH E B

& vy, BT ApoB 548 & @ sandwich ELISA & T well
wash 2FIf L CEEEMICEBILZY, ThInb60
fE & stroke MRI CE L N- B IMAGREOMEEH © st
L7290,

w R

1) UEECHEFERIC L 2 RREMEOZE

DWI T ARRMREZ O RBAER 1 ML LEA LZE
BT R RME (1mm*EE) THHEETEL (B
2)o FBBRETORER BB LA TITHEBT
BETH o702, ERFRLETEIEHBUADONMEETIEIHE
H3INZWEFAS Y, ERVPRHBRELEHLE S ES
Tt follow-up ® DWIFUETH o729 (K 3).
2) Stroke MRIiZ & B IAEH S DIRE

DWI/PWI mismatch & AR NIH stroke score
(NIHSS) i 4638 L 7210, % 7= DWI/PWI mismatch 7%
50% LA & % E&EIAREAZE (o5 L CEIR A MR A FR 5
EiTo7: e 2 A, FBHEIIE AT OSSR & 8 LT8R
L7, BBE L7 fER DAEEE & o 79838 % rescued volume

DWI

DWI

1 stroke MRI{Z & BIEBF O RsE
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R 25 o BB 1 0 B TR

ELTHBEOFM%IT 72 & 2 A, final NTHSS & rescued

ratio DSHARRA L7z (B o 7 SEIRATH V1 1E & NIHSS i3

BVRIT =), WXIHEDFMD stroke MRI TH EE

TdHor,

3) Stroke MRI |2 & A BRI M OZHr
BEVHFREPLCEREECEZ LGS, MEKES

Tk EBEEE OEFIIARTETH 5, HERITHE
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PREVFZZ LSS, $THEECT 2MITL, Bdm
BHLNEIDEBR Lz, LAL, bhdbhiILED
B R TREHRIELNBEFICH LT, ¥ stroke
MRI % FE1T L 720 OB D RAERA0ST 5 13HM E T
HIMEE IC L T F 3 stroke MRI 2 fi4T L7z 2O
BETREMEZODWIGRNENRD & 8 L THRER
heterogeneous T ILJEF B 12 iZ DWI Tid hypointensity

A B

C D

2 67% B AR stroke MRI
A, B: AEEO DWI CEARBRIZNSTREENBELTEELTWE, ZDOEDS artery to artery 12 &

LRFEENEZ bR,

C : BiL¥#H % (3D-angiography) CEMEMRICEEORENDH B Z E M HERTEL,
D BERNEHSEF CEDRICREEESI TFu—Aa 75— PEdLN, FhiHB LA,

C

3 SlEBEM, EHEZEOARED DWI & follow-up DWI

A D RIE 2 BRH B 0 initial DWI BRBOEEHEIIIEZ >3 Ly,
B . BIEIREME o follow-up DWI TRHAEMAMIZE L 22 RIK L RS,
C ROERELTIEHEDROMEZID I,
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rimAABO LN (H4) ChEDEFIERD 2D
EHCT 2T LA L 2 ALBI0MHBMTH o7z, 20
RERDP b EOERTTORERH stroke MRI TR L &
TSN, BREOFRTOERCT LB LTV A,

4) MRIZ X 2 BRI SR HT

3T-MRIAEA & /=D b, stroke MRI 0 #ll & B [
DVRIBIZER SN, »OLBEFAESRLFIHEL, BE8
MOETEHETES X 9 12% o 72 (tractography) . =

C

R4 498 &it HKRHMO DWI

A, B:
BAE 1 B MI2057#% 0 initial DWI TH#LE IS heterogenous mass ¥ 8@ 5,
C RlERETOLNATMCT CHEBRBIL LRI L -,

A

5 7288 Bt EhARBRBZEES D DWI & tractography

 BEE12R I B 0 initial MRA TESRABBIIR K EHOBES
CREIZHME O initial DWI THERETICHBME ZEO 55, SIS0 intensity 2*EBTH 5,
CRIBRICREAT LT VY YIS X B tractography TIRIEEH TEZO S M AMHEED S ORMEEE (FREH) 1EEA

EDD,

THREFRLTYWAEY, BREERFBOEME T tract IFELTE VTV A,
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