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Table 1 Baseline characteristics

LEM group RMM group CMM group SEM group
DWI-ASPECTS <7 DWI-ASPECTS <7 DWI-ASPECTS>7 DWI-ASPECTS >7
Total MAO (+) MAO (=) MAO (+) MAO (-)
Variables n =486 n =108 n=24 n =161 n=193 P
Female sex, n (%) 167 (34) 41 (38) 10 (42) 56 (35) 60 (31) 0.546
Age, years, 74 (65-81) 72 (68-83) 75 (63-89) 75 (68-82) 73 (64-80) 0.181
median (IQR)
Vascular risk
factors, n (%)
Hypertension 312 (64) 75 (69) 16 (67) 103 (64) 118 (61) 0.610
Diabetes mellitus 84 (17) 14 (13) 6 (25) 18 (11) 46 (24) 0.006
Hyperlipidemia 117 (24) 20 (19) 6 (25) 44 (27) 47 (24) 0.449
Onset to needle 139 (116-164) 126 (92-164) 131 (86-153) 135 (118-162) 135 (109-154) 0.253
time, min,
median (IQR)
Occluded artery, » (%)
ICA 90 (19) 44 (41) 0 (0) 46 (29) 0 (0) <0.001
M1 179 (37) 64 (59) 0 (0) 115 (71) 0 (0)
M2 105 (22) 0 (0) 19 (79) 0 (0) 86 (45)
None 112 (23) 0 (0) 5@ 0 (0) 107 (55)
DWI-ASPECTS, 8 (6-9) 5(3-6) 6 (5-6) 8 (8-10) 9 (8-10) <0.001
median (IQR)
Presence of basal ganglia 169 (35) 61 (57) 6 (25) 49 (30) 53 (28) <0.001
lesion, n (%)
NIHSS score 13 (7-19) 18 (12-23) 18 (9-20) 13 (7-17) 8 (6-11) <0.001
on admission,
median (IQR)
Systolic BP before 152 (137-164) 151 (136-161) 158 (134-167) 151 (138-163) 155 (138-164) 0.408
IV rt-PA,
median (IQR)
Systolic BP at 148 (134-161) 144 (130-156) 149 (136-171) 148 (134-162) 150 (134-164) 0.160
the end of
1V rt-PA,
median (IQR)
Biochemistry sign at admission, median (IQR)
Blood glucose, 124 (105-151) 125 (106-146) 121 (109-150) 122 (102-150) 128 (106-152) 0.546
mg/dL
Total cholesterol, 186 (162-214) 181 (159-204) 179 (157-205) 182 (161-212) 191 (164-223) 0.064
mg/dL
Creatinine, mg/dL 0.80 (0.66-0.97) 0.79 (0.61-0.98) 0.85 (0.60-1.10) 0.84 (0.70-1.00) 0.77 (0.63-0.90) 0.205
Etiology, n (%)
LAA 67 (14) 8 (7 14 29 (18) 29 (15) <0.001
CE 310 (64) 82 (76) 22 (92) 111 (69) 95 (49)
SVO 21 (4) 0 (0) 0 (0) 32 18 (9)
Others 88 (18) 18 (17) 14 18 (11) 51 (26)

LAA, large artery atherosclerosis; CE, cardioembolism; SVO, small vessel occlusion; ICA, internal carotid artery; M1, middle cerebral artery
horizontal segment; M2, middle cerebral artery insular segment; DWI-ASPECTS, Alberta Stroke Program Early CT score on diffusion-
weighted imaging; NIHSS, National Institutes of Health Stroke Scale; BP, blood pressure; IV rt-PA, intravenous recombinant tissue plasmino-

gen activator.

ent from the RMM group. There was no difference
amongst the four groups in deaths.

Discussion

This is the first study to elucidate the significance of
reverse MRA-DWI mismatch, relatively large EIC
without MAO, prior to IV rt-PA. The first major find-
ing was that reverse MRA-DWI mismatch was

observed in 5% of patients treated with IV rt-PA
therapy for ischaemic stroke in the MCA territory.
Second, cardioembolism was independently correlated
with reverse MRA-DWI mismatch. Third, sICH after
IV 1t-PA occurred more frequently in patients with
reverse MRA-DWI mismatch than in those with small
DWI lesions (CMM and SEM groups). Fourth,
reverse MRA-DWI mismatch was independently asso-
ciated with favorable functional outcome at 90 days
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Figure 1 Patient flow chart. All the
included patients were divided into four
groups based on the Alberta Stroke
Program Early CT score on DWI
(DWI-ASPECTS) and major artery
occlusion (MAO, occlusion at the inter-
nal carotid artery or occlusion at the
horizontal segment of the middie
cerebral artery).

DWI-ASPECTS > 7

DWI-ASPECTS <7

Table 2 Result of multivariable logistic regression analysis for
factors associated with reverse MRA-DWI mismatch

Variable OR 95% CI P

Cardioembolism 5.49 1.25-24.1 0.024

The variables identified by the backward selection procedure are
listed. MRA, magnetic resonance angiography; DWI, diffusion-
weighted imaging.

from onset compared with patients with MAO plus
large EIC (LEM group).

The RMM group did not seem to include patients
with small vessel disease because the EIC in the
RMM group (DWI-ASPECTS < 7) was too large for
small vessel disease. Although some patients having
MCA branch occlusion were included in the RMM
group, early migration of the thrombus from the
proximal arteries was their probable mechanism, since
their EIC was relatively larger than that derived from
branch occlusion. Therefore, reverse MRA-DWI mis-
match according to the present definition was mainly
considered to represent early spontaneous recanaliza-
tion of the ICA or the horizontal segment of the
MCA and nevertheless brain tissue was damaged.
Early recanalization or migration of thrombus causes
rapid symptom recovery, such as the ‘spectacular
shrinking deficit’, and this phenomenon was
principally shown in patients having a cardioembolic

© 2013 The Author(s)
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n=758

Patients with premorbid mRS > 2
n=43
229 excluded;

Patients with premorbid mRS 0-2
n=T715
83 absent or incomplete MRI

146 infarction outside the MCA territory

o
Patients performed MRI and
lesion in MCA territory

[Patients treated with IV rt-PA therapy]

n =486

Major artery occlusion No Major artery occlusion

Conventional mismatch Small-EIC match (SEM)

(CMM) group group
n=161 n=193
Large-EIC match (LEM) Reverse mismatch
group (RMM) group
n=108 n=24
*EIC: early ischemic change
20 4 LEM group
‘{*\\ o RMM group
AN a CMM group
15 R S o SEM group

NIHSS score
s

Initial Day 1 Day 7 Discharge

Figure 2 Course of the NIHSS score in the four groups. The
scores are shown as median + standard error. The NIHSS
scores were significantly different amongst the groups at every
point (2 < 0.001). The initial NIHSS score in the RMM group
{open circle) was not different from the LEM group (closed
triangle), but tended to be lower at discharge (P = 0.224).

source [20]. However, early recanalization does not
always restore the ischaemic damage [21]. Spontane-
ous recanalization within 6 h from onset despite sus-
tained symptoms was reported to be identified on
transcranial Doppler examination in 5.7% of patients
with MCA-territorial cardioembolic stroke [22]; the
frequency was compatible with the present results
(5%). Spontaneous recanalization was reported to
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Figure 3 Modified Rankin Scale score at 3 months after IV rt-PA and the rate of symptomatic intracerebral hemorrhage (sICH) in
the four groups. The rate of favorable functional outcome (mRS < 2) in the RMM group was more common than in the LEM group
(P = 0.002), and not different from the CMM and the SEM groups. The proportion of sICH, especially based on ECASS II criteria,

in the RMM group was double that in the LEM group.

occur in up to 65% within 24 h of cardioembolic
stroke onset, even without thrombolysis [22]. There-
fore, cardioembolism seems to be a strong factor asso-
ciated with reverse MRA-DWI mismatch.

Hyperglycemia is reported to be associated with
aggravated ischaemic brain damage [23] and therefore
may be associated with the speed of DWI lesion
expansion. However, it was reported previously that
hyperglycemia was associated with infarct expansion
when early recanalization was not observed but was
no longer associated when early recanalization
occurred [24]. Thus, a risk factor of hyperglycemia
might not be an independent factor associated with
reverse MRA-DWI mismatch.

There is no consensus about whether patients hav-
ing reverse MRA-DWI mismatch should have IV rt-
PA therapy because vascular imaging examinations
are not mandatory prior to therapy. Therefore, MRA-
DWI mismatch has been understudied. Since the
RMM group generally has little penumbral tissue, it is
hypothesized that the therapeutic benefit of rt-PA in
this group is not high. However, the RMM group
more commonly had a favorable functional outcome,
as well as early symptom improvement, than the
LEM group, even after adjusting for multiple con-
founders. This may simply be the natural course of
patients with spontaneous recanalization [25]. Alterna-
tively, recanalization of the MCA branch or distal
MRA-undetected arteries might contribute to a favor-
able outcome. Another possible explanation is that IV
rt-PA produced reperfusion of tissue at risk for infarc-
tion, because spontaneous recanalization did not
always bring reperfusion of the downstream capillary
blood flow [21,26,27]. A reason for no reperfusion
despite recanalization is the presence of fragmented

thrombi that occlude smaller arterial branches or the
microcirculation [28]. Because there is no obstruction
of major artery in patients in the RMM group, rt-PA
could easily reach the downstream microcirculation.
Some extent of DWI-positive lesions is- believed to
contain reversible ischaemic tissue [29]. Therefore the
microcirculatory reperfusion could cause neurological
improvement.

The safety of IV rt-PA therapy for patients with
reverse MRA-DWI mismatch is another essential
problem. Since the risk of sICH was reported to be
low after early recanalization {22,30], it was hypothe-
sized that the risk in the RMM group would be some-
what lower than, or at least similar to, that in the
LEM group. Thus, it seemed to be satisfactory that
sICH based on the NINDS criteria was not more
common in the RMM group than the LEM group
(13% for both). However, the crude risk of sICH
based on ECASS II criteria (>4 increase in the NIHSS
score) in our RMM group (13%) was high compared
with that in the LEM group (6%), although it was
not significant after multivariate analysis. In the
RMM group, easy delivery of rt-PA to DWI-positive
lesions, where disruption of the blood—brain barrier is
often assumed [31], through the recanalized artery
might increase the risk and severity of sICH.

This study has some limitations that need to be
addressed. First, the SAMURAI and NCVC rt-PA
Registries were observational studies. Although the
indication for IV rt-PA therapy was based on domes-
tic guidelines, whether patients with a large DWI
lesion received the therapy was judged by each physi-
cian. This might have caused selection bias. Second,
volume measurement using ASPECTS is not com-
pletely quantitative, although this semi-quantitative
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Figure 4 Multivariable logistic regression analyses of outcomes
in the four groups. The RMM group is set as the reference.
Adjusted for variables in Table 1 (plus sICH per ECASS II cri-
teria for assessment of 3-month outcome) except for occluded
artery and DWI-ASPECTS, since these two variables are com-
ponents of the four-group classification. The risk of SICH was
lower in the SEM and the CMM group than in the RMM
group. The proportion of favorable functional outcome was
lower in the LEM group than in the RMM group.

scale is less time-consuming and available in all insti-
tutions at all times. The assessment of each image was
not centralized and that precludes us from analyzing
with quantitative infarct volume. Third, the numbers
of patients with reverse MRA-DWI mismatch were
small in this study, which might weaken statistical
power.

In conclusion, the functional outcome at 3 months
after IV rt-PA therapy was better in patients with
reverse MRA-DWI mismatch than in the LEM
group and roughly similar to the functional out-
comes in the CMM and the SEM groups. A trial
comparing patients with this mismatch managed with
and without thrombolysis is warranted to elucidate
whether the favorable outcome is really due to
thrombolysis.

© 2013 The Author(s)
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Figure S1. Representative case of presenting sICH
after IV rt-PA therapy in the RMM group. (a) Initial
DWI shows hyperintensities in the left MCA and
anterior cerebral artery territory. DWI-ASPECTS was
scored 6. (b) Initial MRA reveals MCA branch occlu-
sion. (c) The patient’s consciousness suddenly dis-
turbed 17 h after IV rt-PA. NIHSS score increased
from 19 to 40. CT was performed immediately, and a
large hematoma was observed in the infarct area.

References

1. Mori E, Minematsu K, Nakagawara J, Yamaguchi T,
Sasaki M, Hirano T. Effects of 0.6 mg/kg intravenous
alteplase on vascular and clinical outcomes in middle
cerebral artery occlusion: Japan Alteplase Clinical Trial
IT (J-ACT 1I). Stroke 2010; 41: 461-465.

2. Astrup J, Siesjo BK, Symon L. Thresholds in cerebral
ischemia — the ischemic penumbra. Stroke 1981; 12:
723-725.

3. Donnan GA, Baron JC, Ma H, Davis SM. Penumbral
selection of patients for trials of acute stroke therapy.
Lancet Neurol 2009; 8: 261-269.

4. Karonen JO, Vanninen RL, Liu Y, et al. Combined diffu-
sion and perfusion MRI with correlation to single-photon
emission CT in acute ischemic stroke. Ischemic penumbra
predicts infarct growth. Stroke 1999; 30: 1583-1590.

5. Schlaug G, Benfield A, Baird AE, et al. The ischemic
penumbra: operationally defined by diffusion and perfu-
sion MRI. Neurology 1999; 53: 1528-1537.

6. Lansberg MG, Thijs VN, Bammer R, ez al. The MRA-
DWI mismatch identifies patients with stroke who are
likely to benefit from reperfusion. Stroke 2008; 39:
2491-2496.

7. von Kummer R, Albers GW, Mori E. The Desmotep-
lase in Acute Ischemic Stroke (DIAS) clinical trial pro-
gram. Int J Stroke 2012; 7: 589-596.

8. Nezu T, Koga M, Kimura K, ef al. Pretreatment
ASPECTS on DWI predicts 3-month outcome following

—137—



426

10.

13.

14.

15.

17.

18.

Y. Sakamoto et al.

rt-PA: SAMURALI rt-PA Registry. Neurology 2010; 75:
555-561.

. Singer OC, Humpich MC, Fiehler J, et al. Risk for

symptomatic intracerebral hemorrhage after thromboly-
sis assessed by diffusion-weighted magnetic resonance
imaging. Ann Neurol 2008; 63: 52-60.

Toyoda K, Koga M, Naganuma M, ef al. Routine use
of intravenous low-dose recombinant tissue plasminogen
activator in Japanese patients: general outcomes and
prognostic factors from the SAMURAI register. Stroke
2009; 40: 3591-3595.

. Nakashima T, Toyoda K, Koga M, et al. Arterial occlu-

sion sites on magnetic resonance angiography influence
the efficacy of intravenous low-dose (0.6 mg/kg) alte-
plase therapy for ischaemic stroke. Int J Stroke 2009; 4:
425-431.

. Shinohara Y. For readers (stroke specialists and general

practitioners) of the Japanese guidelines for the manage-
ment of stroke. Preface. J Stroke Cerebrovasc Dis 2011,
20: S1-S6.

van Swieten JC, Koudstaal PJ, Visser MC, Schouten
HJ, van Gijn J. Interobserver agreement for the assess-
ment of handicap in stroke patients. Siroke 1988; 19:
604-607.

Adams HP Jr, Bendixen BH, Kappelle LJ, er al. Classifi-
cation of subtype of acute ischemic stroke. Definitions
for use in a multicenter clinical trial. TOAST. Trial of
Org 10172 in Acute Stroke Treatment. Stroke 1993; 24:
35-41.

Barber PA, Hill MD, Eliasziw M, et al. Imaging of the
brain in acute ischaemic stroke: comparison of com-
puted tomography and magnetic resonance diffusion-
weighted imaging. J Newrol Neurosurg Psychiatry 2005;
76: 1528-1533.

. Nezu T, Koga M, Nakagawara J, et al. Early ischemic

change on CT versus diffusion-weighted imaging for
patients with stroke receiving intravenous recombinant
tissue-type plasminogen activator therapy: Stroke Acute
Management with Urgent Risk-factor Assessment and
Improvement (SAMURAI) rt-PA Registry. Stroke 2011,
42: 2196-2200.

The National Institute of Neurological Disorders and
Stroke rt-PA Stroke Study Group. Tissue plasminogen
activator for acute ischemic stroke. N Engl J Med 1995;
333: 1581-1587.

Hacke W, Kaste M, Fieschi C, et a/. Randomised double-
blind placebo-controlled trial of thrombolytic therapy
with intravenous alteplase in acute ischaemic stroke
(ECASS 1II). Second FEuropean—Australasian Acute
Stroke Study Investigators. Lancet 1998; 352: 1245-1251.

. Demaerschalk BM, Silver B, Wong E, Merino JG,

Tamayo A, Hachinski V. ASPECT scoring to estimate

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

—138—

>1/3 middle cerebral artery territory infarction. Can J

Neurol Sci 2006; 33: 200-204.

Minematsu K, Yamaguchi T, Omae T. ‘Spectacular
shrinking deficit’: rapid recovery from a major hemi-
spheric syndrome by migration of an embolus. Neurol-
ogy 1992; 42: 157-162.

Soares BP, Chien JD, Wintermark M. MR and CT
monitoring of recanalization, reperfusion, and penumbra
salvage: everything that recanalizes does not necessarily
reperfuse!. Stroke 2009; 40: S24-S27.

Molina CA, Montaner J, Abilleira S, et al. Timing of
spontaneous recanalization and risk of hemorrhagic
transformation in acute cardioembolic stroke. Stroke
2001; 32: 1079-1084.

Baird TA, Parsons MW, Phanh T, er al. Persistent post-
stroke hyperglycemia is independently associated with
infarct expansion and worse clinical outcome. Stroke
2003; 34: 2208-2214.

Kimura K, Sakamoto Y, Iguchi Y, et al. Admission
hyperglycemia and serial infarct volume after t-PA ther-
apy in patients with and without early recanalization.
J Neurol Seci 2011; 307: 55-59.

Rha JH, Saver JL. The impact of recanalization on
ischemic stroke outcome: a meta-analysis. Stroke 2007,
38: 967-973.

Nogueira RG, Schwamm LH, Hirsch JA. Endovascular
approaches to acute stroke, part 1: drugs, devices, and
data. AJNR Am J Neuroradiol 2009; 30: 649-661.
Alexandrov AV, Hall CE, Labiche LA, Wojner AW,
Grotta JC. Ischemic stunning of the brain: early recana-
lization without immediate clinical improvement in acute
ischemic stroke. Stroke 2004; 35: 449-452.

Janjua N, Alkawi A, Suri MF, Qureshi Al. Impact of
arterial reocclusion and distal fragmentation during
thrombolysis among patients with acute ischemic stroke.
AJNR Am J Neuroradiol 2008; 29: 253-258.

Sakamoto Y, Kimura K, Shibazaki K, e al. Early is-
chaemic diffusion lesion reduction in patients treated
with intravenous tissue plasminogen activator: infre-
quent, but significantly associated with recanalization.
Int J Stroke 2013; 8: 321-326.

Saqqur M, Tsivgoulis G, Molina CA, et al. Symptom-
atic intracerebral hemorrhage and recanalization after
IV rt-PA: a multicenter study. Neuwrology 2008; 71:
1304-1312.

Yamada N, Imakita S, Sakuma T. Value of diffusion-
weighted imaging and apparent diffusion coefficient in
recent cerebral infarctions: a correlative study with con-
trast-enhanced T1-weighted imaging. AJNR Am J Neu-
roradiol 1999; 20: 193-198.

©® 2013 The Author(s)
European Journal of Neurology © 2013 EFNS



Intravenous thrombolysis using low-dose alteplase for nonagenarians with acute
ischemic stroke: the SAMURALI rtPA Registry

Mikito Hayakawal, Masatoshi Kogal, Shoichiro Sato!, Shoji Arihiro!, Yoshiaki
Shiokawa?, Jyoji Nakagawara3, Eisuke Furui4, Kazumi Kimura®, Yasuhiro Hasegawa$,
Hiroshi Yamagami?, Yasushi Okada8, Satoshi Okuda® Kazuomi Kariol, Kazuo

Minematsu!, Kazunori Toyodal

1. Department of Cerebrovascular Medicine, National Cerebral and Cardiovascular
Center, Suita, Japan

2. Department of Neurosurgery, Kyorin University School of Medicine, Mitaka, Japan
3. Integrative Stroke Imaging Center, National Cerebral and Cardiovascular Center,
Suita, Japan

4. Department of Stroke Neurology, Kohnan Hospital, Sendai, Japan

5. Department of Stroke Medicine, Kawasaki Medical School, Kurashiki, Japan

6. Department of Neurology, St Marianna University School of Medicine, Kawasaki,
Japan

7. Department of Neurology, National Cerebral and Cardiovascular Center, Suita,
Japan

8. Department of Cerebrovascular Disease, National Hospital Organization Kyusyu
Medical Center, Fukuoka, Japan

9. Department of Neurology, National Hospital Organization Nagoya Medical Center,
Nagoya, Japan

10. Division of Cardiovascular Medicine, Department of Medicine, Jichi Medical

University School of Medicine, Shimotsuke, Japan

—139—



Objective-Although intravenous thrombolysis (IVT) using alteplase for octogenarians
with acute ischemic stroke becomes relatively familiar, it is unclear whether IVT for
nonagenarians is a futile intervention. The purpose of this study is to clarify the efficacy
and safety of IVT using low-dose alteplase (0.6 mg/kg) for nonagenarians compared with
octogenarians. Methods-Stroke Acute Management with Urgent Risk-factor Assessment
and Improvement (SAMURAI rtPA registry retrospectively collected 600 consecutive
acute stroke patients receiving IVT from 10 Japanese stroke centers between October
2005 and July 2008. We extracted all octogenarians (O group) and nonagenarians (N
group) from the registry. We compared baseline characteristics, symptomatic
intracranial hemorrhage (SICH), and 3-month outcomes between the groups. 3-month
outcomes include; functional independence (FI) defined as a modified Rankin Scale
(mRS) score 0-2, good outcome (GO) as a mRS score 0-2 or same as the premorbid mRS,
poor outcome (PO) defined as a mRS score 5-6, and death. Results-"Twenty-five
nonagenarians (mean age, 93 years) and 124 octogenarians (mean age, 84 years) were
included. N group was more female-predominant (76% versus 56%, p=0.06) and
premorbidly dependent (44% versus 14%, p<0.001) than O group. There were no
significant differences of median baseline National Institutes of Health Stroke Scale
(NIHSS) score (16 versus 14, p=0.95) and Alberta Stroke Program Early CT Score (9
versus 9, p=0.36) between the groups. The rate of FI tended to be lower in N group than
O group (16% versus 36%, p=0.06), otherwise, the differences of the rates of GO (28%
versus 37%, p=0.39), PO (40% versus 36%, p=0.73), death (20% versus 11%, p=0.23) and
SICH (0% versus 2.4%, p=1.00) were not significant between the groups. In comparison
with O group, N group was not associated with 3-month clinical outcomes (FI; OR 0.61;
95% CI, 0.15-2.42, GO; 0.98; 0.31-3.07, PO; 0.63; 0.15-2.70, death; 3.18; 0.62-16.3) and
SICH (0.68; 0.17-2.69) after multivariate adjustment. Conclusions-IVT using low-dose
alteplase for N group resulted in less frequent achievement of FI mainly because of
more premorbid dependency than O group, however, showed at least a similar safety

and a potential efficacy.
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