T3 A ABOSEEET EBEOMRIT S - 2.
Japan Alteplase Clinical Trial 11 (J-ACT 11} BElE, o
FNATYIRACE B ORLAE B 5 mm i1 PHEEAF
TEd A &, S 24 W B O U B 25%,
3 A HBOFEA R 83% LB S Rd o7z,
& A, Ml R SR A <0 M R 7 e 5 T
FELT rt-PA FHERRL R 1T o 12 & OGP T
HDHTEERRT T PEHENTE L,

BRI MR AR P BE TS B B
FRREDA VY b« FA U R

vt-PA ISR LML A RHES T & T B T
HY. BEHE 3 W LIS EIE PG T A D
L. BUHEDIREECLE, BB R C LR 2 50
ﬁﬁ%”ﬂzmﬂ?&u&k&wa At
BOMETMEE v, 5 RN TL 585
PEEBHE a@i (PN V)}‘m T ESEA F A
29, MAFTHNC & B E RS ORI 7 'T
m;f&b&m OO %A Th, M
Mﬁw&%f\"; P4 R o R Y ,.,ﬁwfﬁziﬁfs??

FMliTE A, BEFEREO ATy P, BEoE
{REE, f*&m&, BLUWHRBEP LY ELITA

U7y A NS O T REE S BT R
Bl EThAH. HARNTEMEE B, HBE WS
ADIZC 4 B B TR S T
MBECTE R W, Flo-EOREOBHPR

i >;R1¢§*I})ﬁlf< ﬁﬁﬂﬂ}?ﬂié‘d i)

ri-PA #EIE L BT A EE IS OSBRSS 5

THif o6

ARy EPRT ATy PEL
b

ri-PA BERER OB TN EBEERR

FKEHIR > A BB ARIE S rt-PA B85 L CIEL:
L7z 10 PIOERE 24T, 2007 47 57 5 —
v’cc’hﬁﬂ CHOEEINC TR IRIREES A v

R R BRI % 5 WLTV\%T%E‘%%#&J B
Tk, A TR A 2 2] dSEN s,
2008 4F17 14 A f;&?%zq SRAMI DX D B
HBEH AL

ko
o IR T ot-PA BRE

Fig.1

H#
ko R ().



& The Mt Fuji Workshop

BRIV —F U TET A ] RRELE.

FEIRAREED 5 W 13 2 BB IR
% FHBACHE, B EED
B BMTIETS B (Fig, 1), H1o, TS
e, MEEEIMATRR, IWESRE, WL
YRV E B EROIKA T B S BB

i z:}sm

REYIRAEHEZ B,
BT 5.

Bk U7z X 9 i PEHTIR B 28 1 ro-PA WS
PEHLIZ LYY, B SBIITEEZ O
BIBOHFEFFML 2955 MERCT VU b Y —v—
%2 PENUMBRA ¥ X5 A% 80 L 2 8INERsHn
aj”é 5. wﬁﬁﬂiﬁl féi & ¢ i;, B IR R TR B

BRI UClgiess CT &

: @m%zﬁwmﬁﬁog

RAIEIRACE S & ClE, MRSk
SR O R RIS Ok (R /s ) 4
13 %W P RESNTHEYY, 2oHE
EERBOFREFNTE2WELSD L. Bk
HASE R AT A RE L CRREERS
MRA % ¥R #lAfbEe TEHIT 5. SEEHEY
IR MR I TR AR B BT L,
FOELTHBEOE Y FHET 5 (Fig. 3).

P IR R S (Fig. )7 2185 &5




T T T b U TENE S O ST, rt-PA
TR Cdh - T, TOBIET LAY
T HUREEAT ., WIS B RO R G
mxm&%%W@AT/Ffﬁé [ oYasi N1
WIS R T 50 ERH 5,

FAETE DN gL R & LT P s s IR e o
BECTH LN, r-PA FHERE OB L CE E
PEREEI O o, BB, TR
RN ANIEREIE D &9 T v P Lol

DI, NERIIRGEEAEIE & 22 - To b 0f
HEPED D 1, RETRE S A R DA S o 12
8

EWIEE G L 7 ot-PA SRR

2004 4EIZ Alexandrov 545, rt-PA HHEREEIC
R P77 2T A L), MZEIED
PP BT 5 2 L% CLOTBUST &
LTl Lz, Fnbhsde, B am b g ik
{sonothrombolysis) AHER ENTnd, HHI, B
BHMARTAR O 2RI o, kg
DEIT L 5 %> operator independent DFETHRE
MU A PSS L, 2 MRk SR IR A 2 A AR
T & CLOTBUST-ER & 2012 SR BG4,
DETE, BRI EPER R OWIREIZ 5 28
500 kHz M T v A EEE % Bl R CRMli L <
&7V, B, BEICEETELRER -7
PR CH O, SHRBRFHISTh A FET
H5h.

B bW
vi-PA B OB ib,ﬁﬁ%%ﬁ@
BCHLZ LB FERINA LI o TEL
FEOTGT, WECHHTE 5B &&ﬁ*%

ﬁﬁélkfmyAw&%&%k%?%wamm

WEAOHIRITETH Y, BHBREOFMEE
IRER OIS0, EE R ARSI
imwwnﬁA%ﬁ%(wﬁ%%ﬁﬁﬁéﬁww
WRENTBY, $HEOBKRFEOREITERS
b,

x ik

1) Albers GW, Bates VE, Clark WM, ¢ o Infravenous
tissue-type plasminogen activator for treatment of acute

7

)

10

11

12

13

14

6)

g

-

s

Norcd

Pl

o

~Z

fawd

ri-PA BRI B S

SEORFRIRE 7

stroke: the Standard Treatment with Alteplase fo
Reverse Stroke (STARS) study. JAMA 283: 11d5-1150,
2000

Alexandrov AY, Molina CA, Grotta JC, ¢ el Ultrasound-
enhanced systemic thrombolysis for acute ischemic
stroke, N Engl J Med 351: 2170-2178, 2004

dolle W BTSRRI 4y
8048086, 2009

Hill MD, Buchan AM. Thrombolysis for acute ischemic
stroke: results of the Canadian Alteplase for Stroke
Effectiveness Study. CMAJ 172: 1307~ 1312, 2005
Hirano 7T, Sasaki M, Mori E, of af; Residual vessel
length on magnetic resonance anglography identifies
poor responders to alteplase in acute middle cerehral
artery occlusion patients: exploratory analysis of the
Japan Alteplase Clinical ‘Trial 11 Shoke 41: 2828-2833,
2010

Koga M, Toyoda K, Nakashima T, ¢ ¢f: Carotid duples
ultrasonography can predict outcome of intravenous
alteplase therapy for hyperacute stroke, J Stroke Cere-
brovase 20: 24-29, 2011

Koga M, Kimura K, Minematsu X, ef o/t Diagnosis of
interpal carotid artery stenosis greater than 70% with
power Doppler duplex sonography. Am [ Newrpradiol
22: 413417, 2001

Koga M, Kimura X, Minematsu K, et al: Transoral
carotid ultrasonographic findings in internal carotid
artery dissection--a case report. Angiology 81: 99-703,
2000

Lees KR, Bluhmld E, von Kummer B, ef ¢l: Time to
treatment with intravenous alteplase and oufcome in
stroker an updated pooled analysis of ECASS, ATLAN-
TIS, NINDS, and EPITHET tvials. Lancet 375: 1695~
1703,.2010

Nakagawara J, Minematsu I, Okada Y, et al: Thromboly-
sis with 0.6 mg/kg intravenous alteplase for acute
ischemic stroke in voutine clinical practice: the Japan
post-Marketing Alteplase Registration Study (J-MARS).
Stroke 41 1984-198%, 2010

Tovoda K, Koga M, Naganuma M, & ¢/ Routine use of
intravenous low-dose recombinant tissue plasminogen
activator in Japanese patients: genersl outcomes and
prognostic factors from the SAMURAIL register. Stroke
40: 35913505, 2009

Wahlgren N, Ahmed N, Davalos A, ¢f ol Thrombolysis
with alteplase for acute ischacmic stroke in the Safe
Implementation of Thrombolysis in Stroke-Monitoring
Study (SITS-MOST) © an observational study. Lascet
389; 275~-282, 2007

Yasika M, Omae T, Teuchiva T, ¢ ¢l: Ultrasonic evalua-
tion of the site of carotid axis occlusion in patients with
acute cardicembuolic stroke. Sthroke 23: 420-422, 1992
Yoshimura S, Koga M, Tovoda K, ¢ «& Frontal bone win-
dow improves the ability of transcranial color-coded
sonography to visualize the anterior cerebral artery of
Asian patients with stroke. AINR Am J Newroradiol 30;
1268-1268, 2009



. European Journal of Neuroiogy 2013, 206: 108-116 doir10.1111/].1468-1331.2012.03801.x

Admission hyperglycemia causes infarct volume expansion in
patients with ICA or MCA occlusion: association of collateral
grade on conventional angiography
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Background and purpose: Hyperglycemia (HG) is associated with infarct volume
expansion in acute ischaemic stroke patients. However, collateral circulation can
sustain the ischaemic penumbra and limit the growth of infarct volume. The aim of
this study was to determine whether the association between HG and infarct volume
expansion is dependent on collateral circulation.

Methods: We performed a retrospective analysis of 93 acute ischaemic stroke patients
with internal carotid artery or middle cerebral artery occlusion within 24 h of onset were
retrospectively studied. HG was diagnosed in patients with an admitting blood glucose
value >140 mg/dl. Angiographic collateral grade 01 was designated as poor collateral cir-
culation and grade 2-4 as good collateral circulation. Infarct volume was measured at
admission and at again within 7 days using diffusion-weighted magnetic resonance images.
Results: Among 34 patients with poor collateral grade, the change in infarct vol-
ume was significantly greater in the HG group than in the non-HG group (106.0 ml
vs. 22.7 ml, P = 0.002). Among the 59 patients with good collateral circulation, the
change in infarct volume was greater in the HG group than in the non-HG group
(53.3 ml vs. 10.9 ml, P = 0.047). Multiple regression analysis indicated that admis-
sion HG (P = 0.004), baseline National Institutes of Health Stroke Scale score
(P = 0.018), and poor collateral circulation (P = 0.040) were independently associ-
ated with infarct volume expansion.

Conclusions: Infarct volume expansion was greater in individuals with HG on
admission regardless of collateral circulation status.
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introduction

Hyperglycemia (HG) is common in acute ischaemic
stroke patients, and often occurs without a preexisting
diagnosis of diabetes [1]. Previous studies have shown
that HG is associated with infarct volume expansion
and poor outcomes in acute ischaemic stroke patients
[2,31. HG is thought to influence neuronal damage via
the facilitation of lactic acid production in ischaemic
tissue [2]. In animal studies, HG increases with oxida-
tive stress and matrix metalloproteinase-9 activity and
causes cerebral edema formation after ischaemia [4].
On the other hand, collateral circulation plays an
important role in maintaining tissue viability during
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large vessel occlusion [5] and can limit infarct volume
expansion and improve functional status in ischaemic
stroke patients [5]. However, few previous studies
have reported on collateral circulation grade in acute
ischaemic stroke patients.

The aim of this study was to determine whether
collateral circulation alters the relation between HG
and the expansion of infarct volume and functional
outcome in acute ischaemic stroke patients with
internal carotid artery (ICA) or middle cerebral artery
(MCA) occlusion.

Subjects and methods

Patients

Between April 2004 and July 2011, 426 acute ischae-
mic stroke patients with ICA or MCA occlusion were
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admitted within 24 h of stroke onset according to our
stroke registry. We retrospectively examined the
records of patients who underwent conventional angi-
ography. We excluded patients treated with intrave-
nous tissue plasminogen activator (t-PA) or
endovascular therapy, because early recanalization
after thrombolysis should rescue the ischaemic penum-
bra and does not affect infarct volume expansion [6].
The protocol of this study was approved by the medi-
cal ethics committee of Kawasaki Medical School.

Clinical characteristics

Routine blood biochemistry, blood count, and electro-
cardiograph examinations were performed on admis-

sion. From these data, we obtained leukocyte,
erythrocyte and platelet count, and hematocrit,

plasma glucose and glycated hemoglobin levels. We
classed patients as having HG if blood glucose levels
were > 140 mg/dl [7]. We also determined the presence
of vascular risk factors including hypertension, diabe-
tes mellitus, hyperlipidemia, and atrial fibrillation.
The ischaemic stroke subtype was classified according
to the Trial of Org 10172 in Acute Stroke Treatment
criteria [8]. The severity of neurological deficits was
graded on admission according to the National Insti-
tutes of Health Stroke Scale (NIHSS) [9].

Neuroimaging

Magnetic resonance imaging (MRI) was performed on
admission (baseline) and within 7 days after admission
(follow-up) using a 1.5-T Vision MRI (Signa EXCITE
XL ver. 11.0; GE Healthcare, Milwaukee, WI, USA).
Diffusion-weighted imaging (DWI) MRI was used to
determine infarct volume and T2* gradient echo MRI
was used to determine the occurrence of hemorrhagic
transformation at cach time point. Two neurologists
(T.S. and J.U.), who were blind to the clinical infor-
mation, performed these evaluations. Infarct volume
was quantified using image analysis software (NIH
Image). The regions of hyperintense lesions were man-
ually outlined on each slice, and multiplied by the
slice thickness and inter-slice gap to obtain a volume
measure. The window level and window width were
chosen to obtain the best between the lesion and the
normal surrounding tissue. The change in infarct
volume (Alnfarct) was considered the difference
between baseline and foliow-up MRI volumes
(Fig. 1).

Hemorrhagic transformation was defined as the
appearance of low intensity lesions that were at least
partially in the ischaemic lesion on the follow-up
image.

Figure 1 Representative diffusion weighted MR1 at bascline
(left) and follow-up (right) from a patient with HG (top pancl;
admission glucose level of157 mg/dl) and a patient without HG
(bottom panel; admission ghucose level 120 mg/dl). Both patients
were classified as having good collateral circulation.

Magnetic  resonance angiography (MRA) was
performed on admission (baseline) and within 7 days
after admission (follow-up) and used to identify
spontaneous recanalization of the occluded arteries.
Spontaneous recanalization was defined as complete
(i.e., reappearance of the entire occluded artery and
distal branches) or partial (i.e., resolution of part of
the distal vessel supplied by an occluded artery) [10]
on the follow-up MRA.

Conventional angiography

Conventional angiography included injection of both
common carotid arteries and the dominant vertebral
artery through the late venous phase. Two neurologists
(T.S. and J.U.), who were blind to the clinical informa-
tion, evaluated the collateral grade of occluded arteries
according to the American Society of Interventional
and Therapeutic Neuroradiology/Society of Interven-
tional Radiology (ASITN/SIR) Collateral Flow Grad-
ing System [I11]. The grades assigned were 0) no
collaterals visible to the ischaemic site, 1) slow collater-
als to the periphery of the ischaemic site with persis-
tence of some of the defect, 2) rapid collaterals to the
periphery of the ischaemic site with persistence of some
of the defect and to only a portion of the ischaemic ter-
ritory, 3) collaterals with slow but complete angio-
graphic blood flow of the ischaemic bed by the late
venous phase, or 4) complete and rapid collateral blood
flow to the vascular bed in the entire ischaemic territory
by retrograde perfusion. Grades 0 and 1 were classified
as poor collateral circulation, and grades 2-4 were clas-
sified as good collateral circulation [12]. The Kappa
coeflicient for inter-observer agreement was 0.817 for
collateral grade.

© 2012 The Author{s)
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Patient outcomes

Patient outcome was quantified using the modified
Rankin Scale (mRS) score [13] at discharge. Poor out-
come was defined as mRS score of 5 at discharge, or
death during hospitalization.

Analysis

Patients were classified in the HG and non-HG
groups according to admission glucose level. Patient
characteristics were compared across these two groups
using a Mann—Whitney U test for continuous vari-
ables and a chi-squared test for categorical variables.
The primary outcome variables were Alnfarct and the
patient outcome. The secondary outcome measures
were the presence or absence of spontaneous recanali-
zation and hemorrhagic transformation.

Patients were further divided according to collateral
circulation (poor; good). The primary outcome
variables (Alnfarct and patient outcome) were com-
pared among four subgroups according to admission
glucose level (HG; non-HG) and collateral circulation
(poor; good).

Multiple regression analysis was performed to identify
variables that predicted Alnfarct. Regression models
included HG status (HG; non-HG), collateral circula-
tion grade (poor; good), and other potentially predictive
variables (NIHSS score, baseline infarct volume, spon-
taneous recanalization, hemorrhagic transformation
and past history of hypertension).

Statistical analyses were carried out using Statistical
Package for the Social Science (SPSS version 17.0)
software for Windows (SPSS, Chicago, IL, USA).
Continuous variables are expressed as mean + stan-
dard deviation in the text and tables. Values of
P < 0.05 were considered statistically significant.

Resulis

Of the 426 acute ischaemic stroke patients examined,
176 underwent conventional angiography. Of these
176 patients, we excluded 45 patients treated with
endovascular therapy, 23 patients treated with
intravenous t-PA and seven patients treated with com-
bined endovascular and intravenous t-PA therapy. We
also excluded four patients with pacemakers, three
patients who did not undergo follow-up MRI because
of severe stroke and one patient who did not undergo
complete conventional angiography. The remaining 93
patients (65 men, age 67.7 + 13.3 years) formed the
sample for this study. There were 52 patients with
ICA occlusion, 23 patients with M1 occlusion, and 18
patients with M2 occlusion (Table 1).

© 2012 The Author(s)
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Table 1 Clinical characteristics and outcomes in the HG and
non-HG groups

HG group non-HG group

(n = 50) (n = 43) P
Age (years) 68.5 + 13.9 66.2 £ 13.3 0.500
Male, n (%) 35 (70.0) 30 (69.8) 1.000
Risk factors, n (%)

Hypertension 45 (90.0) 25 (58.1) 0.001

Hyperlipidemia 10 (20.0) 16 (37.2) 0.104

Diabetes mellitus 23 (46.0) 6 (14.0) 0.001

Atrial fibrillation 19 (38.0) 9(20.9) 0.112
Laboratory data

Leukocytes 7766.0 £ 2264.7 7252.1 = 1796.5 0.363

(per ul)
Erythrocytes 4343 + 64.6 434.4 + 50.0 0.994
(x 10 000/ul)

Hematocrit (%) 395464 40.3 + 5.0 0.450

Platelets (x 10 000/} 20.7 £ 5.2 217+ 7.5 0.929

Glucose (mg/dl) 188.2 + 67.8 114.3 4 15.2 <0.001

HbAlc (%) 63+1.3 5.6 £ 0.5 <0.061
Stroke type, n (%)

Cardioembolic 20 (40.0) 17 (39.5) 1.000

stroke

Large vessel disease 17 (34.0) 16 (37.2) 0.829

Others or 13 (26.0) 10(23.3) 0.813

undetermined stroke

Time from symptom 54+ 438 54 4 5.0 0.761
onset to initial MRI
@)

Interval between initial 4.5+ 26 4.1+24 0.437
and follow-up MRI
(days)

Time from symptom 27.5 435 29.6 + 504 0.945
onset to conventional
angiography (h)

Occluded artery, n (%)
ICA 27 (54.0) 25 (58.1D) 0.834
Ml 14 (28.0) 9 (20.9) 0.478
M2 9 (18.0) 9 (20.9) 0.795
Infarct volume (ml)
Baseline 32.8 4 65.3 36.3 & 63.0 0.627
Follow-up 103.0 + 116.6 521 %773 0.056
A{follow-up — baseline)  70.1 + 864 15.8 4 40.0 0.001
Spontaneous 6 (12.0) 16 (37.2) 0.004
recanalization,
n (%)

Hemorrhagic 12 (24.0) S 209 0.806
transformation,
n (%)

Baseline NIHSS 10.7 %79 8.2 +6.8 0.133
score

Poor outcome, n (%) 22 (44.0) § (18.6) 0.014

HG, hyperglycemia; NIHSS, National Institates of Health Stroke
Scale. MRI, magnetic resonance imaging; ICA, internal carotid
artery; M1,M1 segment of middle cerebral artery; M2, M2 segment
of middle cerebral artery.

HG

Fifty patients (53.8%) were classified in the HG group
and 43 patients (46.2%) in the non-HG group. The
clinical characteristics and outcome variables for both

European Journal of Neurology © 2012 EFNS European Journal of Neurology
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groups are shown in Table 1. Hypertension and diabe-
tes mellitus were more prevalent in the HG group
than in non-HG group (90.0% vs. 58.1%, P = 0.00]

diabetes mellitus). Glycated hemoglobin level was
higher in the HG group than in the non-HG group
(6.3 = 1.3% vs. 5.6 £ 0.5%, P <0.001). The bascline
infarct volume was similar in the two groups
(32.8 £ 65.3 ml vs. 36.3 & 63.0 ml, P = 0.627), as was
the interval between baseline and follow-up MRI
(4.5 # 2.6 days vs. 4.1+ 2.4 days; P = 0.437). Aln-
farct was larger in the HG group than in non-HG
group (70.1 + 86.4 ml vs. 15.8 £ 40.0 ml, P = 0.001)
and poor outcome at discharge was more common
(44.0% vs. 18.6%, P = 0.014). Spontaneous recanali-
zation was less frequent in the HG group than in the
non-HG group (12.0% vs. 37.2%, P = 0.004); how-
ever, hemorrhagic transformation was similar (24.0%
vs. 20.9%, P = 0.8006).

Collateral grade

Thirty-four patients (36.6%) were classified as having
poor collateral circulation and 59 patients (63.4%) as
having good collateral circulation. The clinical char-
acteristics and outcome variables for both groups are
shown in Table 2. Hypertension and hyperlipidemia
were more prevalent in patients with good collateral
circulation than in patients with poor collateral cir-
culation (83.1% vs. 61.8%, P =0.027 for hyperten-
sion  and  373% wvs. 11.8%, P =0.009 for
hyperlipidemia). Atrial fibrillation was more preva-
lent in patients with poor collateral circulation than
in patients with good collateral circulation (44.1%
vs. 22.0%, P = 0.035). There was a higher prevalence
of cardioembolic strokes (61.8% vs. 27.1%,
P =10.002) and a lower rate of large vessel disease
(14.7% vs. 47.5%, P = 0.002) in patients with poor
coliateral circulation, and a lower rate of ICA occlu-
sion {32.4% vs. 69.5%, P =0.001). The severity of
neurological deficits was also greater in patients with
poor collateral circulation (NIHSS score; 11.4 % 6.2
vs. 8.4 + 7.9, P = 0.026). ‘

Infarct volume was larger in patients with poor col-
lateral circulation (63.9 £ 86.2 ml vs, 17.5 + 38.1 ml],
P <0.001 at baseline, and 1258 £ 1274 ml vs.
52.8 £ 75.0 ml, P = 0.001 at follow-up), and Alnfarct
was similar across groups (61.9 £89.5 ml vs.
353 + 618 ml, P =0.089). Spontaneous recanaliza-
tion and hemorrhagic transformation were more
frequent in the poor collateral group than the good
collateral group (41.2% vs. 13.6%, P =0.005 for
spontaneous recanalization and 35.3% vs. 15.3%,
P =0.039 for hemorrhagic transformation). The

Table 2 Clinical characteristics and outcomes of patients with poor
collateral circulation and patients with good collateral circulation

Poor collateral

Good collateral

(11 = 34) (n = 59) P
Age (vears) 69.0 + 12.8 66.5 & 14.1 0.219
Male, n (%) 21 (61.8) 44 (74.6) 0.242
Risk factors, n (%)
Hypertension 21 (61.8) 49 (83.1) 0.027
Hyperlipidemia 4 (1L 22 (37.3) 0.009
Diabetes mellitus 7(20.6) 22 (37.3) 0.109
Atrial fibrillation 15 (44.1) 13 (22.0) 0.035
Laboratory data
Leukocytes (per ul) 7355.3 & 1668.0  7628.1 + 2272.6 0.895
Erythrocytes 4223+ 59.8 441.3 4 56.3 0.080
(x 10 000/ub)
Hematocrit (%) 39.6 4 5.8 40.1 £ 5.8 0.836
Platelets {x 10 000/d) 210 & 5.8 21.3 £ 6.7 0.943
Glucose (mg/dl) 1474 4 43.4 157.9 4 71.5 0.753
HbATc (%) 5.8 40.7 6.0+ 1.3 0.506
Stroke type, n (%)
Cardioembolic stroke 21 (61.8) 16 27.1) 0.002
Large vessel disease 5(14.7) 28 (47.5) 0.002
Others or 8 (23.5) 15 (25.4) 1.000
undetermined stroke
Time from symptom 53456 55+ 54 0.274
onset to initial MRI
(h)
Interval between initial 4.1 & 2.6 45425 0.493
and follow-up MRI
(days)
Time Irom symptom 23.8 4+ 434 31.2 4 48.4 0.283
onset to conventional
angiography (h)
Occluded artery, n (%)
ICA 11 (324) 41 (69.5) 0.001
Ml 9 (26.5) 14237 0.806
M2 14 (41.2) 4 (6.8) <0.001
Infarct volume (ml)
Baseline 63.9 + 86.2 17.5 + 38.1 <0.001
Follow-up 1258 + 127.4 52.8 £ 75.0 0.001
Afollow-up - 61.9 + 89.5 353 4 61.8 0.089
baseline)
Spontaneous 14 (41.2) 8 (13.6) 0.005
recanalization, # (%)
Hemorrhagic 12 (35.3) 9 (15.3) 0.039
transformation, 1 (%)
Baseline NIHSS score 114 +62 84 +79 0.026
Poor outcome, s (%) 14 (41.2) 16 (27.1) 0.175

NIHSS, National Institutes of Health Stroke Scale. MR1, magnetic
resonance imaging; ICA, internal carotid artery; M1,M1 segment of
middle cerebral artery; M2, M2 segment of middle cerebral artery.

frequency of poor outcome was similar in the two
groups (41.2% vs. 27.1%, P = 0.175).

Hyperglycemia and collateral grade

Table 3 shows infarct volume and patient outcome
between poor and good cellateral circulation in the HG
group and non-HG group. Of the 50 patients in the HG

© 2012 The Author(s)
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Table 3 Infarct volume and patient outcome between poor and good collateral circulation in the HG group and non-HG group

HG group (n = 50)

Non-HG group (n = 43)

Poor collateral

Good collateral

Poor collateral Good collateral

(n=16) (7 =34) P (n=18) (n=125) P

Infarct volume (ml)

Baseline 66.2 + 93.7 17.1 £39.2 0.002 61.8 = 81.5 179+ 372 0.010

Follow-up 1722 £ 138.6 70.4 & 89.7 0.005 84.5 = 103.6 28.8 £ 37.2 0.085

A(follow-up ~ baseline) 106.0 = 101.4 533+ 74.1 0.018 22.7 + 54.9 10.9 £ 244 0.730
Spontancous recanalization, # (%) 4(25.0) 2(59 0.074 10 (55.6) 6 (24.0) 0.055
Hemorrhagic transformation, » (%) 5(31.3) 7 (20.6) 0.486 7 (38.9) 2 (8.0) 0.023
Baseline NIHSS score 13.3£6.5 9582 0.116 9.7 4 5.7 70+74 0.084
Poor outcome, # (%) 9 (56.3) 13 (38.2) 0.360 5(27.8) 3 (12.0) 0.247

HG, hyperglycemia; NIHSS, National Institutes of Health Stroke Scale.

group, 16 had poor collateral circulation and 34 had
good collateral circulation. Infarct volume was larger in
hyperglycemic patients with poor collateral circulation
than in HG patients with good collateral circulation
(66.2 = 93.7 ml vs. 17.1 £ 39.2 ml, P = 0.002 at base-
line and 172.2 £ 138.6 ml vs. 70.4 £ 89.7 mi, P = 0.005
at follow-up), as was Alnfarct (106.0 + 101.4 ml vs.
533 & 74.1 ml, P = 0.018).

Of the 43 patients in the non-HG group, 18 had
poor collateral circulation and 25 had good collateral
circulation. Infarct volume at baseline was larger in
non-hyperglycemic patients with poor coliateral
circulation than in non-hyperglycemic patients with
good collateral circulation (61.8 £81.5ml vs.
17.9 £ 37.2 ml, P = 0.010); however, infarct volume at
follow-up was similar in the two groups
(84.5 £ 103.6 ml vs. 28.8 £ 37.2 ml, P = 0.085). How-
ever, Alnfarct was not statistically different
(22.7 = 549 ml vs. 10.9 + 24.4 ml, P = 0.730).

Table 4 shows infarct volume and patient outcome
between the HG group and non-HG group in poor
and good collateral circulation. Of the 34 patients
with poor collateral circulation, 16 were in the HG
group and 18 were in the non-HG group. Of the 59

patients with good collateral circulation, 34 were in
the HG group and 25 were in the non-HG group.
Infarct volume at baseline was similar in the HG and
non-HG groups, regardless of collateral circulation
status (66.2 £ 93.7 ml vs. 61.8 £ 81.5 ml, P =0.746
for patients with poor collateral circulation and
171 £392ml vs. 179372 ml, P=0.56% for
patients with good collateral circulation). Among
patients with poor collateral circulation, Alnfarct was
larger in the HG group than in the non-HG group
(106.0 + 101.4 ml vs. 22.7 + 5349 ml, P = 0.002), but
the prevalence of poor outcome at discharge was
similar (56.3% vs. 27.8%, P = 0.163). Among patients
with good collateral circulation, Alnfarct was also
larger in the HG group than in the non-HG group
(533741 ml vs. 109 £244 ml, P=0.047) and
poor outcome at discharge was more common (38.2%
vs. 12.0%, P = 0.038).

Table 5 shows results of the multiple regression
analysis of infarct volume change. Admission HG
(P = 0.004), poor collateral circulation (P = 0.040),
and baseline NIHSS score (P =10.018) were
independently associated with infarct volume expan-
sion.

Table 4 Infarct volume and patient outcome between the HG group and non-HG group in poor and good collateral circulation

Poor collateral (n = 34)

Good collateral (n = 59)

HG group Non-HG group HG group Non-HG group
(n=16) (n=18) P (1 = 34) {n =235} P
Infarct volume (ml)
Baseline 66.2 £ 93.7 61.8 £ 81.5 0.746 17.1 &+ 39.2 17.9 +37.2 0.569
Follow-up 172.2 = 138.6 84.5 £ 103.6 0.036 70.4 = 89.7 28.8 £37.2 0.206
A{follow-up - baseline) 106.0 = 101.4 22.7 + 54.9 0.002 533 x74.1 109 £ 244 0.047
Spontaneous recanalization, n (%) 4 (25.0) 10 (55.6) 0.092 2(5.9) 6 (24.0) 0.061
Hemorrhagic transformation, # (%) 5(31.3) 7 (38.9) 0.729 7 (20.6) 2 (8.03 0.278
Baseline NIHSS score 1334+ 6.5 9.7 + 57 0.135 9.5+ 82 7.0+ 74 0.190
Poor outcome, n (%) 9 (56.3) 5(27.8) 0.163 13 (38.2) 3 (12.0y 0.038

HG, hyperglycemia; NIHSS, National Institutes of Health Stroke Scale.
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Table 5 Multiple regression analysis of factors refated to infurct vol-
ume expansion

R L
Admission HG 0.269 0.004
Baseline NIHSS score 0.018
Poor collateral 0.040
Spontaneous recanalization 0.073
Baseline infarct volume 0.339
Hemorrhagic transformation 0.482
Hypertension 0.571

HG, hyperglycemia; NIHSS, National Institutes of Health Stroke
Scale.

Discussion

In this study, we retrospectively examined the medical
records of acute ischaemic stroke patients and found
that admission HG was associated with infarct expan-
sion and poor outcome. These findings are consistent
with previous reports [2,3]. The novel finding of this
study is that admission HG is associated with infarct
expansion regardless of collateral circulation status.
This was confirmed by multiple regression analysis,
where admission HG was independently associated
with infarct expansion, regardless of collateral circula-
tion grade and other factors. However, poor collateral
circulation might not adversely affect infarct volume
expansion in the non-HG group. Spontancous recana-
lization occurred less frequently in patients with HG
and good collateral circulation.

Our results show that admission HG is an impor-
tant determinant of infarct expansion, even in patients
with good collateral circulation. Only one previous
report has examined the relationship between HG and
infarct expansion at the same time as evaluating
collateral circulation, and these authors found that
serum glucose levels did not influence infarct size
when collateral circulation was accounted for [14].
However, infarct expansion was evaluated using com-
puter tomography, and angiographic findings were
classified according to the presence or absence of
collateral circulation rather than by detailed collateral
grade. To the best of our knowledge, this study is the
first to demonstrate the association between HG and
infarct expansion according to collateral grade
assessed using conventional angiography.

Collateral circulation plays a key role in maintaining
tissue viability and rescues the ischaemic penumbra [5].
When collateral circulation was present, infarct volume
was more strongly affected in patients with diabetics
than patients with no diabetics [14]. The relation
between HG and infarct expansion has been demon-
strated in the available collateral circulation. Prado
et al. [15] reported that cortical infarct regions are

vulnerable to the deleterious effects of HG in the pres-
ence of collateral circulation, whereas striatum infarct
regions are not. Variations in collateral circulation
anatomy may be associated with infarct volume expan-
sion in HG patients with good collateral circulation.
There is limited accuracy in the evaluation of collateral
circulation for end-arterial vascular territories by
conventional angiography [5]. On the other hand, corti-
cal circulation supplied by leptomeningeal collaterals is
insuflicient to sustain adequate cerebral perfusion
pressure [16]. Therefore, HG may reduce pial collateral
circulation and lead to cortical infarct volume expan-
sion in patients with good collateral circulation.

Poor collateral circulation is insufficient to sustain
cerebral perfusion in the penumbra and increased
infarct volume [5]. In animal models, cerebral circu-
Jation in the penumbra is more reduced in the acute
hyperglycemic state [17). Therefore, HG may acceler-
ate the reduction in cerebral circulation in the
penumbra and lead to marked infarct expansion with
poor collateral circulation. We found that poor col-
lateral circulation affected infarct volume expansion
in the HG group, but not in the non-HG group.
These findings may support the hypothesis that HG
causes fatal tissue damage in cases of poor collateral
circulation. Previous reports showed that hemor-
rhagic transformation [12] and infarct growth [18]
were more frequently observed in patients with poor
collateral circulation, if recanalization has been
achieved following endovascular therapy. Thus, man-
agement of HG may be a therapeutic option to limit
infarct volume expansion in patients with poor
collateral circulation.

Spontaneous recanalization occurred less frequently
in patients with HG. This may be due to accelerated
procoagulant activity in patients with HG [19]. A
recent study demonstrated that acute HG decreased
plasma fibrinolytic activity in rats and that this was
associated with increased plasminogen activator inhib-
itor type 1 activity and decreased plasma t-PA activity
[20]. The acute hyperglycemic state may hamper the
fibrinolytic process, delaying reperfusion of the ischae-
mic penumbra in tPA-treated patients [21]. Delayed
recanalization should rescue the ischaemic penumbra,
but HG might not adversely affect patient outcome to
the same extent as in patients without delayed recana-
lization [3]. The interval between baseline and follow-
up MRIs in this study precluded assessment of early
recanalization. Therefore, we did not observe any dif-
ference in spontaneous recanalization between patient
outcomes in the two groups. Prospective studies that
inciude detailed coagulant markers and a strict proto-
col of follow-up MRIs are needed to confirm our
hypothesis.
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We found that spontaneous recanalization was less
frequent in patients with good collateral circulation.
This differs from one previous report that angio-
graphic collateral grade determined the recanalization
rate after endovascular revascularization therapy [18].
In the present study, cardicembolic stroke was less
frequent and large vessel occlusion was more frequent
in patients with good collateral circulation. Moreover,
ICA occlusion was more frequent in these patients.
Kimura ef al. [22] reported that the recanalization rate
of ICA occlusions was lower than that of MCA occlu-
sions after intravenous t-PA therapy. Differences in
stroke etiology and the occluded artery may affect the
rate of spontaneous recanalization and its relation to
coliateral circulation.

This present study is limited by the retrospective
design. Patients were classified into HG and non-HG
groups according to blood glucose levels measured at
a single time point, whereas classification is more accu-
rate with serial blood glucose measures. We did not
perform perfusion weighted imaging. Although diffu-
sion-perfusion mismatch volume is not dependent on
collateral grade [23], evaluation of penumbral volume
alongside angiographic collateral grade may provide
new insights about the harmful effects of HG. Finally,
the number of patients studied was small, and a larger
sample is needed to more rigorously test our hypothesis.

In conclusion, admission HG was associated with
mfarct volume expansion and poor outcome in
patients with ICA or MCA occlusion. Moreover,
admission HG influenced infarct volume expansion
regardless of collateral circulation.
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