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[14,19]. Thus, changes in NIHSS scores within 1 h
could be wuseful to predict patients with poor
long-term outcome only by IV rt-PA.

Recanalization rate and clinical outcomes after IV
rt-PA are highly dependent on the site of the arterial
occlusion. Occlusion at the origin of the proximal por-
tion (M1) of the middle cerebral artery (MCA) [20-
22], or at the internal carotid artery (ICA) [20,22-24],
predicts a low chance of recanalization and thus a
higher risk of poor outcomes. In addition, NIHSS
scores and their changes after IV rt-PA differ accord-
ing to sites of arterial occlusion; patients with proxi-
mal carotid axis occlusion generally have higher
NIHSS scores [21,23] and smaller changes in the score
[25] than those with distal occlusion. Different strate-
gies for determining the timing of additional thromb-
ectomy based on NIHSS scores according to different
sites of arterial occlusion may thus be needed.

The goal of the present study was to determine an
index for predictors of unfavorable stroke outcomes
based on the NIHSS scores during 1-h IV rt-PA ther-
apy. Such predictors may be of help in choosing
patients who would benefit from immediate addition
of endovascular thrombectomy.

Patients and methods

The National Cerebral and Cardiovascular Center
(NCVCQ) rt-PA Registry is a prospective single-center
register for acute stroke patients treated using IV rt-
PA. The register was initiated in October 2005 when
IV rt-PA therapy was approved in Japan. The patients
from the registry were studied retrospectively.
Informed consent to receive IV rt-PA was obtained
from all patients or from relatives if patients had com-
munication problems preventing direct provision of
consent. Consent to participate in the registration was
then obtained using an opt-out approach by the dem-
onstrating contents of the registration on the hospital
bulletin board. The Research Ethics Committee of
NCVC approved the study.

In the present study, potential subjects comprised
all consecutive patients registered by December 2010,
when the use of the MERCI Retriever for acute
stroke patients was approved in our hospital. Thus,
no patients in the present study underwent acute en-
dovascular thrombectomy. The following patients
were excluded from the study: (i) those with a pre-
stroke modified Rankin Scale (mRS) score of 2-5; (ii)
those with a baseline NIHSS score <7; (iii) those with-
out performance of magnetic resonance imaging
(MRI) before the administration of IV rt-PA due to
contraindications or time constraints; and (iv) those
without occlusion at the ICA or MCA on the initial

MR angiography (MRA). The exclusion criterion of
baseline NIHSS score <7 was set based on those used
in major clinical trials on endovascular thrombectomy
[3-71.

Patient eligibility for IV rt-PA therapy was decided
principally according to the Japanese guidelines [26].
Each patient received a single alteplase dose of
0.6 mg/kg IV, with 10% given as a bolus within 3 h
of stroke onset, followed by continuous 1V infusion of
the remainder over 1 h. During the initial 24 h, use of
antithrombotic agents was prohibited in principle,
blood pressure was maintained at 180/105 mmHg or
lower, and neurological signs and symptoms were
monitored frequently. Baseline data were collected for
all eligible patients, including sex, age, comorbidities
(hypertension, diabetes, dyslipidemia, atrial fibrilla-
tion), platelet count, glucose level on admission, and
time from onset to treatment.

Before rt-PA therapy, MRI including diffusion-
weighted imaging (DWI) and MRA were performed
using a 1.5-T system (Magnetom Vision or Magnetom
Sonata; Siemens, Germany). All initial DWI and
MRA data were evaluated by two experienced stroke
specialists. Early ischaemic changes were quantita-
tively assessed with the Alberta Stroke Program Early
CT (ASPECTS) score using DWI [27,28]. Arterial
occlusion sites were assessed on the initial MRA and
were divided into two groups according to previous
methods [20,22]: group P, proximal carotid axis occlu-
sion at the ICA or proximal M1 with the residual
length on anteroposterior view <5 mm; and group D,
distal carotid axis occlusion at the distal M1 with
residual length >5 mm or M2. Based on clinical,
radiological and other information, the stroke subtype
was assessed according to Trial of Org 10172 in Acute
Stroke Treatment (TOAST) categories [29].

NIHSS scores were assessed by experienced stroke
specialists just before (NIHSSyasetine) and 30 min (NI-
HSS34 min) and 1 h (NIHSS; ) after the initiation of
rt-PA administration. The absolute inverse change of
score from NIHSSbaseline to NIHSS30 min (ANI-
HSS30 min = NIHSSbascline - NIHSS30 mm) and that
from NIHSSpaseiine to NIHSS, ;, (ANIHSS, ;, = NI-
HSSpaseline — NIHSS; ;) were calculated. The mRS
score was assessed at 3 months. Patients with mRS
0-1 were defined as having favorable outcomes and
those with mRS 2-6 were defined as having
unfavorable outcomes.

Statistical analysis

Baseline characteristics were compared between
groups P and D using the y* test, the unpaired ¢ test
and the Mann—Whitney U test. Because the NIHSS

© 2013 The Author(s)
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Table 1 Baseline characteristics and out-
comes at 3 months

Total (¥ = 108) Group P (N =36) Group D (N =72)

Female

Age (years)
Hypertension
Diabetes mellitus
Dyslipidemia
Atrial fibrillation

Platelet count (x10%/ul)
Admitting glucose (mg/dl)
Onset to treatment time (min)

Baseline NIHSS
DWI-ASPECTS
Stroke subtype

Cardioembolism

Large artery atherosclerosis
Small artery occlusion
Other determined/undetermeined

Modified Rankin Scale at 3 months

0
1
2
3
4
5
6

(dead)

33 (30.6) 13 (36.1) 20 (27.8)
738 + 11.1 747 £ 92 734 £ 11.9
77 (71.3) 28 (77.8) 49 (68.1)
17 (15.7) 2 (5.6) 15 (20.8)*
25 (23.1) 9 (25.0) 16 (22.2)
62 (57.4) 22 (61.1) 40 (55.6)
206 = 6.6 197 £55 201 £ 7.2
136 &+ 42 121 31 143 £ 45+
130 + 28 130 + 32 130 & 26
17 (13-21) 20 (17-23) 16 (11-20)*
7 (6-8.75) 7 (6-8.75) 7 (5-8.75)
74 (68.5) 22 (61.1) 52 (72.2)
14 (13.0) 7(19.4) 79.7)

0 0 0

20 (18.5) 7(19.4) 13 (18.1)
14 (13.0) 2 (5.6) 12 (16.7)
16 (14.8) 1(2.8) 15 (20.8)
11 (10.2) 3 (8.3) 8 (11.1)
12 (11.1) 3(8.3) 9 (12.5)
28 (25.9) 12 (33.3) 16 (22.2)
18 (16.7) 12 33.3) 6 (8.3)
9(8.3) 3(8.3) 6(8.3)

Values are given as mean + SD for age, admitting glucose, platelet count and onset to treat-
ment time; median (interquartile range) for baseline NIHSS and DWI-ASPECTS; and num-
ber of patients (%) for others. *P < 0.05 versus group P.

score was not normally distributed, the Mann—Whit-
ney U test was chosen for the score. Statistical signifi-
cance was established at the P < 0.05 level. Optimal
cutoff scores of NIHSS and ANIHSS for predicting
unfavorable outcome at 3 months were determined
using receiver operating characteristic curves. To
examine associations of NIHSS scores and ANIHSS
scores with unfavorable outcome, multivariate analy-
ses were performed. The NIHSS scores or ANIHSS
scores were initially entered, and the baseline charac-
teristics listed in Table 1, except for baseline NIHSS
score, stroke subtype and mRS at 3 months, were
chosen by a backward selection procedure using
P > 0.10 on the likelihood ratio test as the exclusion
criterion. For the NIHSS scores and ANIHSS, in con-
sideration of the collinearity, multivariate analysis was
performed separately for each variable. The predictive
accuracy of NIHSS scores and ANIHSS scores for
unfavorable outcome was assessed by calculating sen-
sitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV). Statistical analysis
was performed using JMP version 8.0 statistical
software (SAS Institute, Cary, NC, USA).

Results

A total of 219 consecutive patients were registered in
our database. Of these, 18 patients were excluded due

© 2013 The Author(s)
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to pre-stroke mRS 2-5, 39 were excluded due to their
baseline NIHSS <7, 23 were excluded because they
did not undergo pre-treatment MRI or MRA (mainly
due to the presence of a pacemaker) and 31 were
excluded because the ICA or MCA was not occluded.
Finally a total of 108 patients (33 women, aged
73.8 + 11.1 years) were enrolled in this study.

Of the 108 patients, 23 had occlusion at the ICA,
13 at the proximal M1, 44 at the distal M1 and 28 at
the M2 on the initial MRA. As a result, 36 patients
were categorized to group P (13 women,
74.7 £ 9.2 years old) and 72 to group D (20 women,
73.4 + 11.9 years old). Baseline patient characteristics
and outcomes are presented in Table 1. Diabetes mell-
itus was less common (5.6% vs. 20.8%, P = 0.039),
admitting glucose was higher (mean 121 £ 31 wvs.
143 + 45, P = 0.011), NIHSSpascline Was higher (med-
ian 20 vs. 16, P <0.001) and unfavorable outcome
was more common (91.6% vs. 62.5%, P =10.001) in
group P than in group D.

Analysis for all patients

Patients with unfavorable outcome had higher NI-
HSSpasetines  NIHSS30 min and NIHSS; ;, and lower
ANIHSS; , compared with patients with favorable
outcome (Table 2). Each of the indices except for NI-
HSSpaseline Was independently related to unfavorable
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Table 2 NIHSS scores and their change for patients with or without favorable outcome at 3 months

Overall (N = 108)

Group P (n = 36)

Group D (n = 72)

mRS 0-1 mRS 2-6 mRS 0-1 mRS 2-6 mRS 0-1 mRS 2-6
(n = 30) (n="178) Pvalue (n=3) (n=33) Pvalue (n=27) (n = 45) P value
NIHSSpaseline 16 (10-19.25) 18 (14-22) 0.032 18 (13-23) 20 (17-23) 0.508 16 (10~19) 16 (12-20.5)  0.281
NIHSS30 min 10 (6-15.25) 15.5 (11-20) <0.001 10 (10-18) 19 (14-21.5)  0.080 9 (6-15) 13 (10-19) 0.003
NIHSS, , 8.5 (4-11.5) 15 (10-20) <0.001 10 (2-13) 18 (14.5-21)  0.023 8 (4-11) 12 (8-19) 0.001
ANIHSS30 min 1.5 (0-4.25) 0 (0-2) 0.058 3 (2-3) 0 (0-2) 0.031 1 (0-5) 1(0-2) 0.379
ANIHSS, 3(0.75-8.25) 1 (0-2.25) 0.048 8 (3-10) 1 (0-2) 0.013 2 (0-8) 2 (0-3.5) 0.398
Values are given as median (interquartile range).
Table 3 Multivariable logistic regression of NIHSS scores and their change for predicting unfavorable outcome at 3 months
Overall (N = 108) Group D (n = 72)
Odds ratio 95% CI P value Odds ratio 95% CI P value
NIHSSpasctine 1.05 0.96-1.16 0.286 1.00 0.89-1.12 0.967
NIHSS30 min 1.19 1.09-1.33 <0.001 1.14 1.02-1.30 0.016
NIHSS, 1.21 1.11-1.35 <0.001 1.15 1.04-1.30 0.007
ANTHSS30 min 0.80 0.6-0.94 0.006 0.86 0.72-1.02 0.086
ANIHSS; | 0.84 0.74-0.94 0.003 0.90 0.79-1.02 0.087

Per 1-point increase for each score; in group P, multivariate analysis could not be performed because of a small number of favorable outcome
patients (n = 3); adjusted with a backward selection procedure using the background characteristics listed in Table 1; the characteristics that
were associated with unfavorable outcome were ‘onset to treatment time’ and ‘female’ and ‘dyslipidemia’ and ‘DWI-ASPECTS’ for all patients
and ‘onset to treatment time’ and ‘female’ for group D.

Table 4 Diagnostic accuracy for unfavorable outcome using NIHSS scores and their change in overall patients

Cutoff Number of patients Sensitivity, Specificity, Positive predictive  Negative predictive  Area under
Variables score meeting the criterion % Y value, % value, % the curve
NIHSSpascline 218 52 53.8 (48.0-58.8)  66.7 (51.5-79.5)  80.8 (72.0-88.2) 35.7 (27.6-42.6) 0.634
NIHSS30 min 211 72 80.8 (75.2-85.2)  70.0 (55.5-81.5)  87.5 (81.5-92.3) 58.3 (46.3-67.9) 0.769
NIHSS30 min =212 65 73.1 (67.4-77.4) 73.3 (58.6-84.7)  87.7 (80.9-92.9) 51.2 (40.9-59.1) 0.769
NIHSS; =11 66 73.1 (67.4-77.7)  70.0 (55.1-81.9) 86.4 (79.6-91.8) 50.0 (39.4-58.5) 0.789
NIHSS, & >12 60 67.9 (62.3-72.1)  76.7 (61.9-87.4)  88.3 (81.0-93.7) 47.9 (38.7-54.7) 0.789
ANIHSS3p min =22 82 82.1 (76.9-87.1)  40.0 (26.7-53.1)  78.0 (73.2-82.8) 46.2 (30.8-61.3) 0.613
ANIHSS,; |, <2 73 75.6 (70.0-80.8)  53.3 (38.8-66.9)  80.8 (74.8-86.4) 45.7 (33.2-57.3) 0.622

Data in parentheses represent 95% CI.

outcome after multivariate adjustment (Table 3).
Optimal cutoff scores for NIHSSpasetines; NIHSS30 min
and NIHSS; ; to predict unfavorable outcome were
>18, =12 and >12 respectively, while those for ANI-
HSS3 min and ANIHSS, |, were both <2. The diagnos-
tic accuracy of these cutoff scores is shown in Table 4;
the accuracy of each cutoff based on the area under
‘the curve (AUC) was fair (0.7-0.8) or poor (0.6-0.7).

Analysis for group P

Patients with unfavorable outcome displayed higher
scores for NIHSS; , and lower scores for ANI-
HSS3p min and ANIHSS, , than patients with favor-
able outcome (Table 2). Optimal cutoff scores for
NIHSSpasetines NIHSS30 min and NIHSS, , to predict
unfavorable outcomes were >19, >14 and >14,

respectively, while those for ANTHSS3g min and ANI-
HSS, , were <1 and <2, respectively. The diagnostic
accuracies of these cutoff scores are shown in Table 5.
AUC:s for each cutoff exceeded 0.8 with the exception
of that for NIHSSpaseline, indicating good accuracy. In
particular, NIHSS; ;, > 14 and ANIHSS30 min < 1 and
ANIHSS; ;, £2 showed 100% specificity and 100%
PPV, indicating that all the patients with NIHSS; ,
> 14 or ANIHSS3p min < 1 or ANIHSS; , < 2 showed

unfavorable outcomes.

Analysis for group D

Patients with unfavorable outcome showed higher
scores of NIHSS;p min and NIHSS; , than patients
with favorable outcome (Table 2). These two indices
were independently related to outcome after

© 2013 The Author(s)
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Table 5 Diagnostic accuracy for unfavorable outcome using NIHSS scores and their change in patients with occlusion in the internal carotid
or proximal M1 portion of the middle cerebral artery (group P)

Variables

Cutoff
score

Number of
patients
meeting the
criterion

Sensitivity, %

Specificity, %

Positive
predictive
value, %

Negative
predictive
value, %

Area under
the curve

NIHSSbaseline
NIHSS50 min
NIHSS30 min
NIHSS30 min
NIHSS; 4
NIHSS; 4
NIHSS; &
ANIHSS 39 min
ANIHSS; 4

219
>12
=13
214
212
=13
>14

<1

<2

23
31
30
28
29
28
26
24
28

66.7 (62.6-69.1)
90.9 (86.9-93.3)
87.9 (83.8-90.3)
81.8 (77.7-84.3)
84.8 (30.8-87.3)
81.8 (77.7-84.3)
78.8 (73.9-78.8)
72.7 (67.8-72.7)
84.8 (80.0-84.8)

66.7 (21.6-93.7)
66.7 (22.4-93.5)
66.7 (22.2-93.6)
66.7 (21.9-93.7)
66.7 (22.0-93.6)
66.7 (21.9-93.7)
100 (46.6-100)
100 (46.3-100)
100 (47.1-100)

95.8 (89.8-99.2)
96.8 (92.5-99.4)
96.7 (92.2-99.4)
96.4 (91.6-99.3)
96.6 (91.9-99.3)
96.4 (91.6-99.3)
100 (93.8-100)
100 (93.3-100)
100 (94.3-100)

15.4 (5.0-21.6)
40.0 (13.5-56.1)
30.0 (3.3-46.1)
25.0 (8.2-35.1)
28.6 (9.4-40.1)
25.0 (8.2-35.1)
30.0 (14.0~30.0)
25.0 (11.6-25.0)
37.5 (17.7-37.5)

0.616
0.808
0.808
0.808
0.898
0.898
0.898
0.859
0.929

Data in parentheses represent 95% CL

Table 6 Diagnostic accuracy for unfavorable outcome using NIHSS scores and their change in patients with occlusion in the distal M1 portion
or M2 portion of the middle cerebral artery (group D)

Cutoff Number of patients Positive predictive  Negative predictive  Area under
Variables score meeting the criterion  Sensitivity, % Specificity, % value, % value, % the curve
NIHSSpaseline =11 58 86.7 (79.7-92.9)  29.6 (18.0-40.0) 67.2 (61.8-72.1) 57.1 (34.7-71.1) 0.576
NIHSS30 min =11 41 73.3 (64.6-80.3) 704 (55.8-82.0)  80.5 (70.9-88.1) 61.3 (48.6-71.4) 0.712
NIHSS30 min =12 31 55.6 (46.8-62.0) 77.8 (63.2-88.5)  80.6 (68.0-90.0) 51.2 (41.6-58.3) 0.712
NIHSS; >11 36 62.2 (53.3-69.5) 704 (55.5-82.5) 77.8 (66.6-86.8) 52.8 (41.6-61.8) 0.730
NIHSS; & >12 31 55.6 (46.8-62.0)  77.8 (63.2-88.5)  80.6 (68.0-90.0) 51.2 (41.6-58.3) 0.730
ANIHSS30 min <2 53 80.0 (72.2-87.4)  37.0 (24.1-49.3) 679 (61.3-74.2) 52.6 (34.2-70.1) 0.560
ANIHSS; 4 <7 61 91.1 (84.7-96.1) 259 (15.2-34.3)  67.2 (62.5-70.9) 63.6 (37.3-84.1) 0.559

Data in parentheses represent 95% CI.

multivariate adjustment (Table 3). The optimal cutoff
scores for NIHSSbaseline: NIHSS30 min and NIHSS] h
to predict unfavorable outcomes were >11, >12 and
>12, respectively, and those of ANIHSS;3q i, and
ANIHSS; 4, were <2 and <7, respectively. The diagnos-
tic accuracies of these cutoff scores are shown in
Table 6; accuracy of each cutoff based on the AUC
was fair or fail (0.5-0.6). ANIHSS;; <7 showed
>90% sensitivity.

Discussion

The present study sought to predict stroke outcome
using the NIHSS scores during 1-h IV rt-PA therapy.
The first major finding was that all the patients with
proximal carotid axis occlusion showed unfavorable
outcome (mRS 2-6) at 3 months if they showed NI-
HSS, p > 14, ANIHSS3¢ min < 1 or ANIHSS, , <2.
ANIHSS3g min < 1 seems useful for quickly predicting
outcomes. The second major finding was that 91.1%
of patients with distal carotid axis occlusion who
finally had favorable outcome (mRS 0-1) showed
ANIHSS, }, < 7. These simple clinical indices based on
NIHSS score thus appear useful as a quick prognostic

© 2013 The Author(s)
European Journal of Neurclogy © 2013 EFNS

predictor when the site of arterial occlusion is identi-
fied prior to IV rt-PA. MRA was available for
identification of the occlusion site in the present study
as well as transcranial sonography [21,30].

Sensitivity, specificity, PPV and NPV are greatly
influenced by the proportion of patients with favor-
able and unfavorable outcomes. In previous reports,
mRS was 2-6 at 3 months in >90% of patients with
occlusion at the ICA or proximal M1 [22,23,25]. The
proportion of patients with unfavorable outcomes in
group P (91.6%) was thus similar to previous findings.
In contrast, patients with unfavorable outcomes in
group D (62.5%) were relatively more common than
the previously reported patients with distal M1 or M2
occlusion [22,23,25], partly because patients with
baseline NTHSS < 7 were excluded from the study.

Stunned brain syndrome with delayed recovery was
proposed based on a finding that 10 of 27 patients
without early clinical changes after IV rt-PA had
returned to independent daily living at 3 months [31].
A contribution of delayed recanalization at 24 h to
final favorable outcome has also been reported
[32,33]. Thus, long-term outcomes cannot be perfectly
predicted using indicators within the initial hours after
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rt-PA therapy. Patients with stunned brain syndrome
were reported to often have signs of compensatory
flow diversion on transcranial Doppler indicating
transcortical flow collateralization [31]. Such collateral
flow is more common in patients with M2 occlusion
than in those with proximal artery occlusion. This
seems to be a reason for poor diagnostic accuracy of
unfavorable outcome using ANIHSS in group D.

On the other hand, a decrease in NIHSS score
immediately or 2 h after rt-PA therapy still represents
a predictor of favorable outcome [19,34], mainly
because a decrease in NIHSS is also an important
indicator of recanalization after IV rt-PA [30]. Reduc-
tion in NIHSS score at 30 min of >40% from the
baseline score indicates recanalization well. Thus, to
maximize the effects of combination therapy of IV
thrombolysis and endovascular thrombectomy, NI-
HSS-based indices seem practical and useful for quick
prediction of prognosis after rt-PA and choosing can-
didates for additional thrombectomy. From the pres-
ent results, the following strategies for additional
thrombectomy are planned in our stroke team. Since
>90% of patients in group P had unfavorable out-
come after IV rt-PA alone, thrombectomy should be
considered as an additional option for most of these
patients. If NIHSS score does not decrease by more
than 1 point within 30 min after initiation of rt-PA,
quick puncture and endovascular procedures may be
acceptable. In contrast, additional thrombectomy is
not necessary at least for around 40% of patients in
group D. Although it is not perfectly specific, an NI-
HSS score of >12 at 30 min after initiation of IV rt-
PA seems to be a good indicator for scheduling addi-
tional thrombectomy. Of course, caution should be
exercised about performing thrombectomy since its
efficacy has not been proved yet [8-10].

Several limitations to this study should be consid-
ered. First, the single-center observational nature of
the study and the relatively small number of patients
could cause statistical bias, particularly in group P.
Secondly, patients with a baseline NIHSS score <7
were excluded according to many clinical trials for
endovascular thrombectomy [3-7]. If these patients
with milder stroke were also included, three patients
in group P and eight in group D would be added.
The results are similar after the addition. Thirdly,
our indicator is not simple because of separating
patients into two groups based on the arterial occlu-
sion site. In a study by the CLOTBUST investigators
[27], relative changes in serial NIHSS scores reflected
arterial status after thrombolysis regardless of arterial
occlusion site. In our cohort, however, AUCs were
not improved in the patients even using relative
changes in NIHSS scores. Fourthly, all patients

received 0.6 mg/kg of alteplase, the official dosage in
Japan, within 3 h after stroke onset. The results
might thus differ from those using 0.9 mg/kg of alte-
plase within 4.5 h, although post-marketing surveys
from Japan and other countries using different dos-
ages have shown similar efficacy [35-39]. Fifthly,
associations between changes in NIHSS score and
early recanalization were not studied. Although fol-
fow-up MRA was performed in 91 of 108 patients,
most of these were done on the second day or later.
After approval of the MERCI Retriever for clinical
use in Japan in 2010, the patients in our registry
principally underwent follow-up MRA at around 1 h
[40]. ICA/M1 origin occlusion (i.e. group P) and the
level of C-reactive protein were positively associated
and the level of high density lipoprotein cholesterol
was negatively associated with early recanalization
failure after multivariate adjustment.

In conclusion, NIHSS scores and ANIHSS scores
during 1 h of rt-PA infusion seems predictive of 3-
month outcome after IV rt-PA when the site of arte-
rial occlusion is identified prior to IV rt-PA and may
be helpful in the selection of patients who would most
benefit from immediate addition of endovascular
thrombectomy.
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Factors Associated with Proximal Carotid Axis Occlusion
in Patients with Acute Stroke and Atrial Fibrillation

Yuki Sakamoto, MD,* Shoichiro Sato, mp,* Yuka Kuronuma, mp,*
Kazuyuki Nagatsuka, Mp,t Kazuo Minematsu, mp,* and Kazunori Toyoda, mp*

Background: Patients with atrial fibrillation (AF) are more likely to exhibit prox-
imal carotid axis occlusion than those without AF. However, clinical characteris-
tics associated with proximal arterial occlusion (PAO) in acute stroke patients
with AF are not fully known. This study was aimed to elucidate the factors
correlated with PAO. Methods: Consecutive patients with acute ischemic stroke
developed in the middle cerebral artery (MCA) territory and AF who underwent
magnetic resonance angiography (MRA) within 24 h from onset were retro-
spectively enrolled. Prior users of warfarin were excluded. Patients were divided
into 3 groups based on the site of arterial occlusion: occlusion at the internal carotid
artery (ICA), at the horizontal segment of the MCA (M1), and at the MCA branch
or no identifiable occlusion. Clinical characteristics were compared between the
3 groups, and the factors associated with proximal vessel occlusion were evaluated
with ordinal logistic regression analysis. All variables identified on univariable
analyses with P values less than .1 were entered into the model. Results: A total
of 244 patients (124 women, median 80 years old [interquartile range 72-87],
median National Institutes of Health Stroke Scale [NIHSS] score 16 [7-22]) were
studied. MRA was performed median 2.7 h (1.5-8.9) after stroke onset. Occlusion
site was the ICA in 34 patients, M1 in 78, and MCA branch or no occlusion in
the remaining 132. As the occlusion site was more proximal, patients were older
and more female, the initial NIHSS score was higher, levels of b-dimer and brain
natriuretic peptide (BNP) were higher, and histories of heart failure and systemic
embolism were more common. On multivariable ordinal logistic regression
analysis, female sex (odds ratio [OR] 1.83, 95% confidence interval [CI] 1.03-
3.26), advanced age (OR 1.37, 95% CI 1.02-1.84 for every 10 years), history of
systemic embolism (OR 14.9, 95% CI 1.41-157.75), and higher BNP level (OR
1.03, 95% CI 1.01-1.07 for every 100 pg/mL) were independent factors associated
with the risk of occlusion at more proximal arteries. The risk was 2.68-fold higher
(95% CI 1.28-5.61) in patients having 2 of the following factors: female sex,
age more than 80 years, systemic embolism, and BNP greater than 250 pg/mL;
and 4.50-fold (2.11-9.59) higher in those having 3 or 4 of the 4 factors compared
with those without any of these factors. Conclusions: Female sex, advanced
age, history of systemic embolism, and higher BNP level were independently
associated with more proximal carotid axis occlusion. Patients with AF having
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these factors may be prone to have relatively large thrombi in the
heart. Key Words: Acute ischemic stroke—magnetic resonance angiography—
atrial fibrillation—arterial occlusion.
© 2014 by National Stroke Association
Introduction

The site of arterial occlusion plays a key role in neuro-
logic severity and outcome in patients with acute ischemic
stroke. Patients with proximal arterial occlusion (PAO)
show more severe symptoms,? poorer outcomes,” and
more limited response to intravenous tissue plasminogen
activator therapy than those with distal artery occlusion.*”
The factors associated with PAO are not fully known, and
related factors are considered to differ according to the
etiologies. Embolic PAO seems to be correlated with
embolus size. Patients with atrial fibrillation (AF) often
develop severe ischemic stroke and poor outcomes,®”
even after thrombolytic therapy,® mainly because they are
more likely to have PAO on admission than patients with-
out AF® However, clinical factors associated with PAO in
patients with AF are not well known.

The aim of this study was to clarify the clinical charac-
teristics related to PAO in acute stroke patients with AF.

Methods

A prospective database of consecutive patients with
acute stroke treated in the Stroke Care Unit in the Na-
tional Cerebral and Cardiovascular Center was created
(National Cerebral and Cardiovascular Center Stroke
Registry).” From April 2006 to May 2012, consecutive
acute stroke patients (<24 h from onset) with AF who ful-
filled the following criteria were retrospectively enrolled
from the registry: (1) underwent magnetic resonance im-
aging (MRI) examinations including diffusion-weighted
imaging (DWI) and time-of-flight magnetic resonance an-
giography (MRA) on admission and (2) developed ische-
mic stroke in the middle cerebral artery (MCA) territory
confirmed on initial DWI with compatible acute neuro-
logic deficits. Patients with contraindications to MRI
(eg, cardiac pacemakers or mechanical heart valve re-
placements) were excluded. Stroke patients having con-
comitant etiology other than AF (eg, >50% stenosis on
the responsible artery) and patients on anticoagulant ther-
apy were also excluded because anticoagulant therapy
could reduce intracardiac thrombi and then affect the
site of arterial occlusion in subjects with AR'® The institu-
tional ethics committee approved this study.

Clinical Background Characteristics

Clinical background characteristics, including sex, age,
cardiovascular risk factors, and medical history, were
obtained on admission. Cardiovascular risk factors were

defined as: (1) hypertension, history of using antihyperten-
sive agents, systolic blood pressure of 140 mm Hg or more,
or diastolic blood pressure of 90 mm Hg or more before or 2
or more weeks after stroke onset; (2) diabetes mellitus, use of
hypoglycemic agents, random glucose level of 200 mg/dL
or more, or glycosylated hemoglobin of 6.5% or more on ad-
mission; (3) hyperlipidemia, use of antihyperlipidemic
agents, or a serum total cholesterol level of 220 mg/dL or
more; and (4) current smoking habit. Routine blood bio-
chemistry examinations were performed on admission.
Stroke severity was assessed using the National Institutes
of Health Stroke Scale (NIHSS), and functional outcome
was estimated by the modified Rankin scale'! score at hos-
pital discharge or 30 days from onset. AF was diagnosed on
12-lead electrocardiogram or a history of AF was confirmed.

Neuroimaging

MRI studies including DWI and time-of-flight MRA
were performed on admission using a commercially avail-
able echo planar instrument operating at 1.5 T (Siemens
MAGNETOM Vision or MAGNETOM Sonata scanner,
Erlangen, Germany). DWI was obtained using the follow-
ing parameters: repetition time/echo time, 4000/100 ms;
b values, 0 and 1000 s/mm?; field of view, 24 cm; acquisi-
tion matrix, 96 X 128; and slice thickness, 4.0 mm, with
a 1.0-mm intersection gap. The occluded vessel was deter-
mined on initial MRA. All patients were divided into 3
groups based on the occluded site: at the internal carotid
artery (ICA) group, at the MCA horizontal segment (M1
group), and at the MCA branch occlusion or no identifiable
occlusion (Branch group).

Statistical Analysis

First, clinical background characteristics were com-
pared among the 3 groups. Univariable analyses were
performed using the chi-square test, Fisher exact test, or
the Kruskal-Wallis test, as appropriate. The data are pre-
sented as median values (interquartile range) or frequen-
cies (%). Next, multivariable ordinal logistic regression
analysis was performed to identify independent factors
associated with more proximal arterial occlusion. This
model allows the outcome variable to have more than 2
categories and estimates a proportional odds ratio (OR)
for each predictor of shifting to a more proximal arterial
occlusion category (eg, the ICA group versus the M1
and Distal groups or the ICA and M1 groups versus the
Distal group). Sex, age, and all clinical characteristics
identified on univariable analyses with P values less
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than .1 were entered into the model. Receiver operating
characteristic (ROC) curve analyses were conducted to
obtain the practical cutoff value of continuous variables.
All statistical analyses were performed using PASW for
Windows version 17.0 software (SPSS Inc., Chicago, IL).
Results were considered significant at P less than .05.

Results

Overall, 503 patients with both acute ischemic stroke
and AF were admitted to our stroke center during the
study period. Of these, 61 patients were excluded because
of absent or incomplete MRI, 29 were excluded because
the site of the index stroke was outside the MCA territory,
14 were excluded because of concomitant etiology, and
155 were excluded for taking prestroke anticoagulant
therapy. Finally, 244 patients (124 women, median age
80 [interquartile range 72-87] years, median NIHSS score
16 [7-22]) were enrolled in the present study.

Table 1 shows the clinical background characteristics of
the included patients. MRA was performed median 2.7 h
(1.5-8.9) after stroke onset. Of the 244 patients, 34 (14%)
had ICA occlusion (ICA group), 78 (32%) had M1 occlu-
sion (M1 group), and 132 (54%) had MCA branch occlu-
sion or no arterial occlusion (Branch group) on initial
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MRA. As the occlusion site was more proximal, patients
were older (P <.001), the initial NIHSS score was higher
(P <.001), levels of p-dimer (P = .002) and brain natri-
uretic peptide (BNP, P = .029) were higher, and female
sex (P = .004) and histories of heart failure (P = .047)
and systemic embolism (P = .001) were more common.
The results of multivariable ordinal logistic regression
analysis are shown in Table 2. Female sex (OR 1.83, 95%
confidence interval [CI] 1.03-3.26, P = .039), advanced
age (OR1.37,95% CI1.02-1.84, P =.037 for every 10 years),
history of systemic embolism (OR 14.9, 95% CI 1.41-
157.75, P = .025), and higher BNP level (OR 1.03, 95% CI
1.01-1.07, P = .048 for every 100 pg/mL) were indepen-
dent factors associated with increased risk of more proxi-
mal arterial occlusion. The practical cutoff values for age
and BNP to predict ICA or M1 occlusion were 80 years
(sensitivity, 57%; specificity, 64%; area under the ROC
curve, .645) and 250 pg/mL (sensitivity, 57%; specificity,
61%; area under the ROC curve, .578), respectively. Hav-
ing more of the following 4 factors, female sex, age more
than 80 years, history of systemic embolism, and BNP
greater than 250 pg/mL was also independently related
to more proximal arterial occlusion (P = .001, chi-square
test, Fig 1). The risk of more proximal arterial occlusion
was 2.68-fold higher (95% CI 1.28-5.61) in patients having

Table 1. Clinical background characteristics

Total, ICA group, M1 group, Distal group,
Variables n = 244 n =34 n=78 n = 132 P

Female sex, n (%) 124 (51) 24 (71) 45 (58) 55 (42) .004
Age, y, median IQR) 80 (72-87) 85 (74-88) 82 (74-89) 79 (69-84) <.001
Onset to MRI, h, median (IQR) 2.7 (1.5-8.9) 2.3 (1.7-6.6) 2.4 (1.4-4.8) 3.8 (1.6-11.4) 193
Vascular risk factors, n (%)

Hypertension 171 (70) 24 (71) 52 (68) 95 (72) 794

Diabetes mellitus 34 (14) 4(12) 8 (10) 22 (17 400

Hyperlipidemia 62 (25) 3 (24) 18 (23) 36 27) 768

Current smoking 43 (18) 5 (15) 10 (13) 28 (21) .286
History, n (%)

Ischemic stroke 53 22) 8 (24) 16 21) 29 (22) 934

Hemorrhagic stroke 10 (4) 2(3) 7(5) .586

Ischemic heart disease 21 (9) 4 (12) 79 10 (8) 732

Heart failure 44 (18) 10 (29) 17 (22) 17 (13) .047

Peripheral artery disease 10 4) 2 (6) 23 6 (5) 662

Systemic embolism 42 1(1) 0 ) .001
Prior antiplatelet therapy, n (%) 99 (41) 12 (35) 29 (37) 58 (44) .500
Initial NTHSS score, median (IQR) 16 (7-22) 22 (18-26) 18 (16-23) 10 @-17) <.001

Biochemistry sign at admission,
median (IQR)
Leukocyte count, /uL

6700 (5400-8900) 6700 (4800-9300) 7100 (5600-8600) 6400 (5500-8900) .580

Blood glucose, mg/dL 124 (107-152) 126 (109-152) 129 (109-152) 119 (106-153) 467
Total cholesterol, mg/dL 182 (161-206) 172 (164-202) 176 (155-204) 186 (167-211) 191
p-dimer, pg/mL 2.1(1.4-3.3) 2.6 2.0-3.1) 2.1(14-3.5) 1.8 (1.2-3.3) .002
Brain natriuretic peptide, pg/mL 236 (127-437) 340 (197-666) 266 (130-409) 215 (104-409) .029

Abbreviations: Distal group: patients with more distal occlusion or no identifiable occlusion; ICA group: patients with internal carotid artery
occlusion; IQR, interquartile region; M1 group: patients with middle cerebral artery horizontal segment occlusion; MRI, magnetic resonance

imaging; NIHSS, National Institutes of Health Stroke Scale.
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Table 2. Result of multivariate ordinal logistic regression
analysis for factors associated with larger vessel occlusion

Variables OR  95%CI P
Female sex 1.83 1.03-3.26 .039
Age (for every 10 y) 1.37 1.02-1.84 .037
History of heart failure 1.11 .54-2.28 .773
History of systemic embolism 14.9  1.41-158 .025
p-dimer (for every 1.0 pg/mL)  1.01  91-1.11 .887

BNP (for every 100 pg/mL) 1.03 1.01-1.07 .048

Abbreviations: BNP, brain natriuretic peptide; CI, confidence
interval; OR, odds ratio.

2 of the above 4 factors, and 4.50-fold (95% CI 2.11-9.59)
higher in those with 3 or 4 of the 4 factors compared
with those without any of these factors on ordinal logistic
regression analysis (Fig 2).

Discussion

The first major finding of the present study was that
46% of the patients with both acute ischemic stroke and
AF without prior anticoagulant therapy had ICA or M1
occlusion on initial MRA. This percentage was between
that of patients within 3 h from onset (75%)® and that of
patients within 7 days from onset (33%)'? because the per-
centage decreases with spontaneous recanalization as
onset-to-imaging time increases."

The second major finding was that female sex, ad-
vanced age, history of systemic embolism, and higher
BNP level were independent factors associated with the
risk of more proximal arterial occlusion. In addition, coex-
istence of 2 or more of these 4 factors clearly increased the
risk. This finding is partly in line with the previous re-
ports that showed that advanced age,'*'® history of

100% ——

80%

60%

Branch
=M1
®{CA

40%

20%

0%

0 1 2 3ord
n=54 n =69 n=64 n=57
Number of factors*

Figure 1. The site of arterial occlusion based on the number of factors in-
dependently associated with larger arterial occlusion. Abbreviations: BNF,
brain natriuretic peptide; Branch, middle cerebral artery branch or no iden-
tifiable occlusion; ICA, internal carotid artery; M1, middle cerebral artery
horizontal segment. “*” Female sex, age more than 80 years, history of sys-
temic embolism, and BNP greater than 250 pg/mL.
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Figure 2. OR and 95% CI of the risk of more proximal arterial occlusion
according to the number of factors independently associated with larger ar-
terial occlusion on ordinal logistic regression analysis. Abbreviations:
BNP, brain natriuretic peptide; CI, confidence interval; OR, odds ratio.
“*" Female sex, age more than 80 years, history of systemic embolism, and
BNP greater than 250 pg/mL.

systemic embolism,'” and elevated BNP level'® were cor-
related with the presence of intracardiac thrombi in AF
patients. However, there is no study investigating the re-
lationships between intracardiac clot size and patients’
characteristics. It is possible that a prothrombotic state
and large intracardiac thrombi are induced by these fac-
tors and cause PAO.

The female hormone, estrogen, increases fibrinolytic
potential® and accelerates the recovery of injured endo-
thelial cells.”® Estrogen production is reduced after men-
opause, and elderly women with AF have a higher clot
formation marker level”’ and worse outcomes after
stroke'? than men. Most women in the present study
were considered to be postmenopausal because the me-
dian age of the included women was 84 years.

Advanced age may represent a longer period witha path-
ologic condition, such as hypertension, heart failure, and
AF. Prolonged exposure to these pathologic conditions
leads to cardiac remodeling, including left atrial enlarge-
ment and reduced atrial contractility.**** This remodeling
causes blood stasis in the left atrium and left atrial
appendage and could contribute to form large thrombi.
Furthermore, advanced age itself may be associated with
a prothrombotic state.”

BNP is proven to be well correlated with heart failure,?®
though a high BNP level remained an independent pre-
dictor for PAO in the present patients using the regression
model containing both heart failure and BNP as variables.
The association of BNP with PAO independently from
heart failure was because a high BNP level also stands
for high left ventricular filling pressure,” which leads to
left atrial enlargement® and left atrial appendage dys-
function?’; all these cause formation of large thrombi. A
history of systemic embolism may also indicate that the
patients were prothrombotic.
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This study had some limitations. First, the retrospective
design might have contributed to some selection bias. Sec-
ond, PAO might be overestimated because distal arterial
occlusion and slow flow velocity in the proximal arteries
are sometimes difficult to distinguish from PAO on MRA.
On the other hand, the inclusion criteria of less than 24 h
of onset might lead underestimation of the presence of
PAO because of spontaneous recanalization, despite the
MRI examinations were performed 2.7 h (median) from
onset in the present study. Third, only the internal validity
of the present results was assessed. The present findings
should be confirmed with a prospective cohort.

In conclusion, nearly half of acute stroke patients with
AF who did not receive anticoagulant therapy had ICA or
MCA horizontal segment occlusion. Female sex, ad-
vanced age, history of systemic embolism, and higher
BNP level were independent factors associated with
PAO. Patients having these factors may be prone to hav-
ing larger thrombi in the heart than those without these
factors.

Acknowledgment: We thank Akiko Kada, MPH, for ad-
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Factors associated with unfavorable
outcome in minor ischemic stroke

ABSTRACT

Objectives: The purpose of this study was to elucidate the factors that correlate with unfavorable
outcomes and to develop a simple validated model for assessing risk of unfavorable outcomes in
patients with minor ischemic stroke.

Methods: The derivation cohort included 1,313 patients hospitalized within 72 hours after onset
with an initial NIH Stroke Scale score of O to 3 enrolled in a prospective, multicenter, observational
study. Unfavorable outcome was defined as dependency {modified Rankin Scale score of 3-5) or
death at 90 days. The predictive values of factors related to unfavorable outcome were evaluated.
External validation was performed in 879 patients from a single-center stroke registry.

Results: In the derivation cohort, a total of 203 patients (15%) had unfavorable outcomes. On
multivariable analysis, women {odds ratio [OR] 1.95, 95% confidence interval [Cl] 1.30-2.94),
age =72 years (OR 2.80, 85% Cl 1.83-4.36), intra/extracranial vascular occlusive lesion (OR
2.80, 95% Cl 1.82-4.28), leg weakness (OR 1.72, 95% Cl 1.06-2.82), and extinction/inatten-
tion (OR 5.55, 85% Cl 1.30-21.71) were independently associated with unfavorable outcome.
Patients having both a vascular lesion and either leg weakness or extinction/inattention showed
4.63 (95% Cl 2.23-9.33) times the risk of unfavorable outcome compared with those having
neither. In the validation cohort, the risk was similar, at 3.77 (85% Cl 1.64-8.37).

Conclusions: Intra- and extracranial vascular imaging, NIH Stroke Scale iterns such as leg weakness
and extinction/inattention, and their combination, as well as female sex and advanced age, may be use-
ful for predicting unfavorable outcomes in patients with minor stroke. Neurology® 2014;83:174-181

GLOSSARY

Cl = confidence interval; mRS = modified Rankin Scale; NCVC = National Cerebral and Cardiovasculer Center; NIHSS = NIH
Stroke Scale; OR = odds ratio; rt-PA = recombinant tissue-type plasminogen activator; SUMO = Stroke Unit Multicenter
Observational.

Minor strokes account for approximately 30% of all strokes.!? Although the outcomes of most
patients with minor symptoms, epitomized by a low NIH Stroke Scale (NIHSS) score, are
favorable, a small but significant number of such patients become disabled.>” Thus, it is
important to identify the patients at risk of unfavorable functional outcomes in the early stage
in the clinical setting. '

It has been reported that abnormal CT or MRI findings such as acute infarction and vascular
stenosis or occlusion are associated with functional dependency at 90 days in patients
with minor stroke and TIA®'" Although the baseline NIHSS score is also associated with
functional outcome in overall patients with stroke,® it has a significant weakness regarding
capturing lesion-specific neurologic deficits, such as those with right-sided and posterior circu-
lation lesions.'®'® There is limited information about the clinical significance of using NIHSS
scores with minor stroke.

The purpose of the present study was to elucidate the factors that correlate with unfavorable
outcomes and to develop a simple validated model for assessing risk of unfavorable outcomes in
patients with minor stroke.

From the Department of Cerebrovascular Medicine, National Cerebral and Cardiovascular Center, Suita, Osaka, Japan.
SUMO Study coinvestigators are listed on the Newrology® Web site ac Neurology.org.
Go o Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the aricle.

© 2014 American Academy of Neurglogy




METHODS Derivation cohort. The derivation

was selected from the Stroke Unit Multicenter Observational

cohort

{SUMO) Study, a prospective, observational, cohort study con-
ducted berween December 2004 and December 2005 in Japan.'*
Its aim was to clarify diagnostic and therapeutic processes of
acute stroke care that are effective for improving clinical out-
comes. Eighty-four representative acuce institutes participated in
the SUMO Study. A total of 6,815 consecutive patients with
ischemic and hemorrhagic stroke admitted within 72 hours after

symptom onset were regisiered. OFf these, parients with minor

ischemic strokes, defined as a baseline total NIHSS score =3,
werte enrolled as the derivadon cobort (figure 1A).

Validation cohort. The Narional Cerebral and Cardiovascular
Center (NCVC) Stroke Registry'™® is a prospective database of
patients with acute stroke treated in our stroke care unit. Data of
3,439 patients with ischemic and hemorrthagic stroke who were
admitted within 7 days after onset between January 2006 and
December 2012 were extracted from this database. Of these, pa-
tients with minor ischernic strokes, defined as a baseline total NIHSS
score =3, were registered as the derivation cohort (figure 1B).

( Figure 1. Flowchart of patient selection in the derivation (A) and validation {B) cohorts 1

A.. The derivation cohort

6815 Patients with ischemic or hemorrhagic stroke

5229 (77%) Patients were ineligible

. 2174 Had hemorrhagic stroke
2858 Had baseline NIHSS score 24
197 Had prior mRS score 22

v

1586 Patients with minor ischemic stroke

»| 273 (17%) Patients whose mRS score at 90
days was unavailable were excluded

A

1313 Patients were included in the analysis

B. The validation cohort

3439 Patients with ischemic or hemorrhagic stroke

2465 (72%) Patients were ineligible
892 Had hemorrhagic stroke

o 1481 Had baseline NIHSS score 24

92 Had prior mRS score 22

v

974 Patients with minor ischemic stroke

95 (10%) Patienis whose mRS score at 90
days was unavailable were excluded

i

879 Patients were included in the analysis

mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale.
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Clinical characteristics. Baseline data including sex, age, onset
to admission time, comorbidities, and risk factors (hypertension,
diabetes, dyslipidemia, arrhythmia including atrial fibrillation,
and previous all strokes/TIA) were collected from both cohorts.

An intra/extracranial vascular occlusive lesion was defined as a
=50% narrowing in diameter or occlusion verified by imaging
modalities such as magnetic resonance angiography, conventional
digiral subtraction angiography, or carotid duplex sonography.

Each NIHSS item was dichotomized as normal (subscore of
0) or abnormal (subscore =1). The sum of the right and left
scores was used for motor arm and motor leg items."”

Patients who were disabled before the stroke (corresponding
to 2 modified Rankin Scale [mRS] score =2) were excluded from
the analysis. An unfavorable outcome was defined as an mRS
score of 3 to 6 (dependency or death) at 90 days.'® The outcome
corresponding to an mRS score of 2 to 6 ar 90 days was also
assessed.

Statistical analysis. Statistical analysis was performed using
JMP 10.0.2 (SAS Institute Inc., Cary, NC). Baseline characreris-
tics were compared berween favorable and unfavorable outcomes
using X* tests, unpaired ¢ tests, Fisher exact tests, or Wilcoxon/
Kruskal-Wallis tests. To identify the cutoffs of variables that
could be used for discriminating berween favorable and
unfavorable outcomes, receiver operating characreristic curves
were constructed. The odds ratios (ORs) for variables associated
with unfavorable outcomes were determined using multivariable
logistic regression analyses by the forced entry method adjusted
for variables with p < 0.05 on univariate analyses. A value of p <
0.05 was considered significant for all results.

Standard protocol approvals, registrations, and patient
consents. Each instirutional Ethics and Hospital Management
Committee approved the studies from the SUMO Study data-
base. Written informed consent to participate in the study was
obtained from the patient whenever possible; acceprance from a
relative was obtained if patients could not consent themselves.
The Regional Ethics and Hospital Management Committees of
NCVC approved the studies from the NCVC Stroke Registry.
The Ethics Committee waived consent because this was a registry
study.

%

RESULTS A total of 1,313 patients were included in
the analysis as the derivation cohort. Their mean age
was 69 years, and 433 (33%) were women. Of these

patients, 203 (15%) had unfavorable outcomes at 90

days, and 54 (4%) had recurrent stroke (ischemic or
hemorrhagic) before 28 days or discharge. Magnetic
resonance angiography, digital subtraction angiogra-
phy, and carotid duplex sonography were performed
in 1,208 (92%), 105 (8%), and 945 (72%) patients
within 7 days of hospitalization, respectively.

The patients’ characteristics were compared
berween patients with and without unfavorable out-
comes in the derivation cohort (table 1). Patients with

unfavorable outcomes were older (p < 0.001), more
frequently female (p < 0.001), had a higher percent-
age of onset to admission time =12 hours (p =
0.001), less frequently had dyslipidemia (p
0.015), and more often had an intra/extracranial vas-
cular occlusive lesion (p < 0.001) than those with
favorable outcomes. The median toral NIHSS score

Il

was 1 (interquartile range 0-2) in patients with unfa-
vorable outcomes and 2 (interquartile range 1-3) in
those with favorable outcomes (p < 0.001). Patients
with unfavorable outcomes more frequently had leg
weakness (p = 0.002) and extinction/inattention
(p = 0.024) and less frequenty had facial palsy
(p = 0.013) and sensory (p = 0.027) manifestations
than those with favorable outcomes. Figure 2 shows
the distribution of mRS scores according to baseline
total NIHSS score in the derivation cohort.

The optimal cutoff age for an unfavorable out-
come was =72 years, with a sensitivity of 67%, a
specificity of 58%, and an area under the receiver
operating characteristic curve of 0.666. Table 2 shows
the results of the multivariable analysis for unfavor-
able outcome (mRS score of 3-G) at 90 days in the
derivation cohort. Female sex (OR 1.95, 95% CI
1.30-2.94), age =72 years (OR 2.80, 95% CI
1.83-4.36), intra/extracranial vascular occlusive
lesion (OR 2.80, 95% CI 1.82-4.28), leg weakness
(OR 1.72, 95% CI 1.06-2.82), and extinction/inat-
tention (OR 5.55, 95% CI 1.30-21.71) were inde-
pendently associated with unfavorable outcome after
adjusting for baseline total NTHSS score. In contrast,
the baseline toral NTHSS score was not independently
associated with unfavorable outcome.

In the derivation cohort, outcomes for 17 of 65
patients (26%) having both an intra/extracranial vas-
cular occlusive lesion and abnormal NIHSS items for
either leg weakness or extinction/inattention were
unfavorable. Patients with both factors had 4.63
(95% CI 2.23-9.33, p < 0.001) times the risk of
an unfavorable outcome compared with those having
neicher after adjustment for sex, age, and other essen-
tial characteristics (figure 3A). The foregoing model
was also applied to patients with baseline NIFSS
scores of 0 to 4 (n = 1,941) and 0 0 5 (n =
2,233) in the SUMO Study cohort. Patients with
both factors had 7.53 (95% ClI 4.47-12.66, p <
0.001) and 6.96 (95% CI 4.39-11.02, p < 0.001)
times the risk of an unfavorable outcome, respectively
(figure e-1 on the Newrology® Web site at Neurology.
org). The analysis was also performed for the outcome
corresponding to mRS scores of 2 to 6. Patients with
both factors had 2.72 (95% CI 1.50-4.86, p = 0.
001) times the risk of having mRS scores of 2 to 6 at
90 days compared with those having neither after
adjustment for the same factors. In addition, sensitiv-
ity analysis including missing follow-up patients as
having an “unfavorable outcome” was performed. Pa-
tients having both factors showed 3.15 (95% CI 1.
97-5.06) times the risk for an unfavorable outcome
compared with those having neither.

The patients’ characteristics included in the deri-
vation and validation cohorts (n = 879) are shown in
table e-1. In che validation cohort, the frequency of
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( Table 1 Patients’ characteristics in the derivation cohort ]

© Unfavorable ~ Favorable

' "l%ct;;l“ " " (mRS'score 3-6)  (mRS score 0-2)

o (n=1313) - (=203 - (n=1110) p

Demographics
emalessx % 330 443 . 308 <0.001
Age, mean y x SD 69 11 7’5 + 10 ’ 68 + 11 <0.001

o ,‘C:)'h‘s‘ef:t,yfp admission time <12h,% 502 615 482 0.001

Comorbidities and risk factors, %

Hypertension k 618 57.1 : 626 0140

Diabetes 23.7 286 228 0.075
Dyslipidemia : . 23.4 16.8 , 246 0.015
Arrhythmia including atrial fibrillation 16.9 212 16.1 0.077
Previous all strokes/TIA , 222 256 215 0198

Intra- or extracranial vascular occlusive lesion, % 25.3 42,4 22.2 «<0.001

,aas’altiaema;'NIH'Q;S"sc‘org, median (IQR)" 2(1-3) 102 203 <0.001
Abnormal NIHSS ite&\.é, Yo ’ ’

‘1a. Level of consciéqéhess ' 1.4 23 g 0.426
1b. Questions 4.5 6.8 4.2 0.178
ic. Commands 02 o oz 1.000
2. Gaze 2.3 45 2.0 0.077

3, Visual fields el a0 0 e 0.125
4. Facial palsy 147 75 157 0.013
5. Motor arm R 378 R 358 05678
6. Motor leg 32,5 44.4 30.9 0.002
7. Ataxia - ; , : 124 9.8 . 128 0.328
8. Sensory 20.0 12.8 209 0.027

‘9'.":Lajh§ﬁagé' L o o 4.8 75 ‘ 45 0.126

10. Dysarthna 30.0 26.3 " 30.6 0.318
11, Extinctionfinattention . os 30 o8 0.024
IV thrombolytic therapy, % d,g 05 0.1 0.285

Abbreviations: IQR = interquartile range; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale.

hypertension (p < 0.001), diabetes mellitus (p =
0.037), dyslipidemia (p < 0.001), previous all
stiokes/TIA (p = 0.040), intra- or extracranial vascu-
lar occlusive lesion (p < 0.001), and IV thrombolytic
therapy (p = 0.018) were significantly higher than in
the derivation cohort. Baseline total NIHSS score
(p < 0.001) was also higher in the validation cohort
than in the derivation cohort. The frequencies of
NIHSS item abnormalities also differed between the
cohorts. Level of consciousness questions (p

0.003), motor arm (p < 0.001), motor leg (p =
0.002), and ataxia (p = 0.033) were higher in the
derivation cohort. Facial palsy (p << 0.001), sensory
(p < 0.001), and dysarchria (p << 0.001) were higher
in the validation cohort. Fewer patients had unfavor-

able outcomes at 90 days in the validation cohort than
in the derivation cohort (p < 0.001). Outcomes for

Neurology 83 July 8, 201

12 of 64 patients (19%) having both an intra/extra-
cranial vascular occlusive lesion and abnormal NIFHSS
items for either leg weakness or extinction/inattention
were unfavorable. Patients with both factors had 3.77
(95% CI 1.64-8.37, p = 0.002) times the risk of an
unfavorable outcome compared with those having
neither after adjustment for the same factors as the
derivarion cohort (figure 3B).

DISCUSSION In the analysis of patients with minor
stroke in the derivation cohort, it was found that (1)
NTHSS leg weakness and inattention/extinction items
were independently related to unfavorable outcomes;
(2) advanced age, female sex, and intra/extracranial
vascular occlusive lesion were independently associ-
ated with unfavorable outcomes after adjusting for

NIHSS items; and (3) baseline total NIHSS score
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( Figure 2 mRS score according to baseline total NIHSS score in the derivation cohort
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mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale.

was not independently associated with outcomes in
patients with minor stroke. A simple model based
on the analysis of the derivation cohort was devel-
oped; the combination of intra/extracranial vascular
occlusive lesion and leg weakness or extincrion/inat-
tention could be used to assess risk of unfavorable
outcomes, even after adjusting for other significant
factors including sex and advanced age. Predictability
of this simple model was validated using our single-
center cohort. Although several outcome prediction
models for ischemic stroke patients, especially those
receiving IV thrombolysis, have been reported,'>
this study is unique in that an outcome prediction
model for minor ischemic stroke patients was

ercent of patients

It has been reported that advanced age,*'" female

" and intra- or extracranial

vascular occlusive lesion®?? were the factors related

sex,®!! diabetes mellitus,

to unfavorable outcomes in patients with minor
strokes. The present results are generally in line with
the previous reports. However, individual NIHSS
items were not included in these reports. A recent
study involving patients with minor stroke, defined
as retrospectively assessed NIHSS scores <5, showed
that patients with an NIHSS profile represented by
signs of slurred speech and language deficic had the
worst outcome.” The study did not analyze each
NIHSS item. In addition, the total baseline NIHSS

score was reported to be inversely related to favorable

proposed. outcome without significant associations berween
<
{ Table 2 Multivariable analysis for unfavorable outcome (MRS score 3-8) at 90 days in the derivation cohort ]
’ Crude Mo&gl 1 Model 2
Female Qex 1.78 1.31-241 <é.001 1.95 1,30-2.94 0:001 1.85 1.30-2,94 0.001
Ages7Ry oo 201 213402 <0001 281 184-436 <0001 280 183-436 <0001
oﬁset to admission time 512 h - 172 125240 0001 144 097216 0074 144 097-216 0073
Dyslipidemia : Lo olee ,0.4'1'-‘0;'9,0 o012 084 051-137 ,,0,;4:'96, 085 051137 0502
Intra- or extracranial vascular occlusive lesion 258  1.88-3.53 <0.001 279 1.82-4.28 <0.001 280 1.82-428 <0.001
Baseline total NHSS scors 073 084-084 <0001 103 079432 0844
Abnﬁrma! NIHSS %téms '

'4.‘k}‘:acial‘ palsy ' : , 044 021-081 0.007 050 024-096 . 0036 049 022-097 0.042
6. Motor leg 1.78 1.23-2.58 0.002 177 1.17-2.67 0.007 172 1.06-2.82 0.029
8. Sensory 055 . 031-092 0021 . 085 b.a,s—i,:s .0431 064 034-113 0431
11. Extinction/inattention 4.99 1.26-17.70 0.024 5.68 1.35-21.78 0.020 555 1.30-21.71 0.023

Abbreviations: Cl = confidence interval; mRS = modified Rankin Scale; NIHSS = NIH stroke scale; OR = odds ratio.
Model 1: adjusted for variables with p < 0.05 on univariate analyses excluding the baseline total NIHSS score. Model 2: adjusted for variables with
p < 0.05 on univariate analyses including the baseline total NIHSS score.
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Figure 3

Combined effects of intra/extracranial vascular occlusive lesion and
leg weakness or extinctionfinattention on unfavorable outcome

A. The derivation cohort

Risk of an unfavorable outcome

B

Risk of an unfavorable outcome

1

0 A

|

I

p<0.001 -

p<0.001

+ +

Intra- or extracranial vascular lesion

+ - +

Leg weakness or extinction/inattention

. The validation cohort

10

p=0.002

p=0.014

p=0.278

Intra- or extracranial vascular lesion

+ - +

Leg weakness or extinction/inattention

Risk of an unfavorable outcome was calculated using “patients without both” as the refer-
ence, adjusting for female sex, age =72 years, onset to admission time =12 hours, dyslipi-
demia, facial palsy, and sensory items of the NIH Stroke Scale in both cohorts.

individual NIHSS items and outcome in a small
study involving 194 patients with minor stroke with
NIHSS scores =6,** whose vascular status was not
assessed.

Previous studies reported that leg weakness and
extinction/inattention were major determinants of

e Y o 2 23

worse outcome.?**7

One possible reason for the leg
weakness outcome is that the mRS, which is highly
focused on walking ability, was used for outcome
assessment.'®** In a study that examined angio-
graphic occlusion in the first hours after onset of
stroke, leg weakness and extinction/inattention were
related to major vessel occlusion.” The presence of
these items might indicate large hemispheric ischemia
resulting only from proximal major vessel occlusion,
not from peripheral vessel occlusions. In the present
study, it was not possible to caprure the percentage of
each individual arterial occlusive lesion, because indi-
vidual angiographic data were not collected in the
derivation cohort. It seems paradoxical thar facial
palsy was inversely associated with unfavorable out-
come. A potential reason for this may be that patients
with facial palsy less frequently had leg weakness
(34% vs 25%, p = 0.030) in the derivation cohort,
because the total NIHSS score of the studied patients
was limited to 3 or less.

The results suggest that a combination of NIFHSS
irems and assessment of vascular status could help
predicc  unfavorable  outcomes  in  patients
with minor suoke. A large-scale observational study
reported that 31% of 93,517 acute stroke patients
with rapidly improving or mild symptoms as the only
reason for avoiding recombinant tissue-type plasmin-
ogen activator (rt-PA) were unable to be discharged
home.® Recently, it has been reported that 890
re-PA~treated patients with mild symptoms corre-
sponding to NIHSS scores of 0 to 5 had better out-
comes at 3 months than matched controls without re-
PA In these studies, onset to admission time was
shorter than in the present study. In addition, NIHSS
subscores and vascular status were not described.
However, patients with both factors might be highly
appropriate candidates for acute intensive manage-
ment, such as recanalization therapy, if they appear
within the therapeutic time window, regardless of age,
sex, or low total NIHSS score.

One of the strengths of the present study is that it
included multicenter and single-center prospective
databases of minor ischemic stroke patients, exclud-
ing patients with TIA. Data such as individual
NIHSS items and vascular imaging findings were sys-
temarically collected and analyzed using multivariable
models. The validation cohort was from a single,
highly specialized stroke center. Although there were
significant differences between the cohorts in risk fac-
tors, vascular status, severity, and outcome, the model
was successfully validated. That is another strength of
the study.

The present study had some limitations. First, the
mRS score at 90 days was not available for all patients.
The follow-up rate of 83% does not preclude a possi-
ble bias. Patients’ characreristics were generally similar
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between patients with available mRS scores at 90 days
(n = 1,313) and those without (n = 273). When the
mRS score at acute hospital discharge (median 17
days after onset) or at 28 days was used instead of
the 90-day mRS score for these 273 patients, the
results were almost identical; for example, patients
having both a vascular occlusive lesion and either of
the abnormal NIHSS items showed 4.43 (95% CI
2.36-8.13) times the risk of unfavorable outcome
compared with those having neither. Second, the cur-
rent population consisted mostly of Asian patients. It
is known thar there are differences in the distribution
of occlusive vascular disease between Asian and other
populations. Intracranial artery atherosclerosis is a
common cause of ischemic stroke in Asian, African,
and Hispanic patients, while extracranial carorid
artery atherosclerosis develops frequently in Cauca-
sians.?' Unfortunately, the present database did not
include detailed information on the location of vas-
cular lesions, so it was impossible to assess the discri-
bution of occlusive vascular disease. Racial differences
mighe affect the results and limit the generalizabilicy.
Third, the rate of rt-PA use was extremely low in the
present 2 cohorts. One possible reason for this is that
the use of rt-PA as a therapy for acute ischemic stroke
within 3 hours of onset was approved on October 11,
2005, when registration in the SUMO Study was
almost completed.'® Another reason is that the Japa-
nese Guidelines for IV Application of rt-PA (alte-
plase), October 2003, stated that most patients with
INTHSS scores of 4 or less were considered ineligible
for re-PA therapy.® The model was not validated in
an re-PA~treated cohort, bur this should be consid-
ered for future studies.

Several independent factors that could be as-
sessed at the time of initial presentation werg found
to be associated with unfavorable outcome at 90 days
in patients with minor stroke. The combinaton of
intra- and extracranial vascular imaging and NIHSS
items such as leg weakness and extinction/inattention
appears to provide valuable information related to
outcomes.
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