result in relatively few ICH events and affect the statistical
analysis, but prior statin use seems to be safe for Japanese
patients receiving iv. rt-PA.

A unique point was that statin use seems to be less
prevalentin Japan than in Western countries. Statin users
prior to ischemic stroke onset accounted for 13.6-16.5%
in Japanese multicenter prospective observational stud-
ies [37, 38], as compared to 18-23% in Western studies

[15, 30-34]. The major reason for this less prevalence is
that Japanese relatively uncommonly have dyslipidemia
(21.5% in our study, 21% in the SUMO study [39] from
Japan vs. 29-36% in Western studies [15,30-34]) and cor-
onary artery diseases (12.7% in ours, 12% in the SUMO
study [39] vs. 18-32% in Western studies [15, 30-34]) pos-
sibly due to the difference in ethnic and dietary habit.

Previous studies showed the lower HDL-C levels and
higher triglyceride levels in statin users than non-users
[32, 36], and our results were similar. Statin increased
HDL-C levels in some reports [40, 41], and did not in an-
other [42]. Thus, the therapeutic effect of statin on HDL-
C does not seem to be as clear as that on LDL-C. Anoth-
er possible reason for lower HDL-C levels in our statin
users was that their HDL-C levels prior to statin medica-
tion might be too low. Anyway, premorbid statin use
could make the association of HDL-C levels to stroke out-
comes complicated.

The strengths of this study included that it was a mul-
ticenter study with frequent use of MR techniques. On
the other hand, it had several limitations. First, this study
only included patients treated with rt-PA. Thus, the pres-
ent results could not be compared with those in patients
not receiving rt-PA. Second, this study was a retrospec-
tive observational study, and 46 patients were excluded
from the analysis because of lack of data on admission
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Abstract

Background: The initial 24 h after thrombolysis are critical
for patients’ conditions, and continuous neurological assess-
ment and blood pressure measurement are required during
this time. The goal of this study was to identify the clinical
factors associated with early neurological deterioration
(END) within 24 h of stroke patients receiving intravenous
recombinant tissue plasminogen activator (rt-PA) therapy
and to clarify the effect of END on 3-month outcomes. Meth-
ads: A retrospective, multicenter, observational study was

conducted in 10 stroke centers in Japan. A total of 566 con-
secutive stroke patients [211 women, 72 * 12 years old, the
median initial NIH Stroke Scale (NIHSS) score of 13] treated
with intravenous rt-PA (0.6 mg/kg alteplase) was studied.
END was defined as a 4-point or greater increase in the NIHSS
score at 24 h from the NIHSS score just before thrombolysis.
Results: END was present in 56 patients (9.9%, 18 women, 72
+ 10 years old) and was independently associated with
higher blood glucose [odds ratio (OR) 1.17, 95% confidence
intervals (Cl) 1.07-1.28 per 1 mmol/l increase, p < 0.001], low-
er initial NIHSS score {OR 0.92, 95% Cl 0.87-0.97 per 1-point
increase, p = 0.002), and internal carotid artery (ICA) occlu-
sion (OR 5.36, 95% Cl 2.60-11.09, p < 0.001) on multivariate
analysis. Symptomatic intracranial hemorrhage within the
initial 36 h from thrombolysis was more common in patients
with END than in the other patients (per NINDS/Cochrane
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protocol, OR 10.75, 95% Cl 4.33-26.85, p < 0.001, and per
SITS-MOST protocol, OR 12.90, 95% Cl 2.76-67.41, p = 0.002).
At 3 months, no patients with END had a modified Rankin
Scale (mRS) score of 0-1. END was independently associated
with death and dependency (mRS 3-6, OR 20.44, 95% Cl
6.96-76.93, p < 0.001), as well as death (OR 19.43,95% C| 7.75~
51.44, p <0.001), at 3 months. Conclusions: Hyperglycemia,
lower baseline NIHSS score, and ICA occlusion were inde-
pendently associated with END after rt-PA therapy. END was
independently associated with poor 3-month stroke out-
come after rt-PA therapy. Copyright © 2012 S. Karger AG, Basel

Introduction

Neurological deterioration within the initial couple of
days affects stroke patients’ long-term outcomes [1-11].
Neurological deterioration during acute stroke is associ-
ated with initial stroke severity [2], large vessel occlusion
[3, 4], hypodensity >33% in the middle cerebral artery
territory [5], the hyperdense middle cerebral artery sign
on brain CT [5, 6], cerebral edema on early CT [5, 6], dia-
betes mellitus [4, 5, 7], hyperglycemia [6, 8, 9], high or low
blood pressure [7, 8], early recurrent ischemic stroke [10],
and symptomatic intracranial hemorrhage (sICH) [6, 11].

Intravenous (IV) thrombolytic therapy with recombi-
nant tissue plasminogen activator (rt-PA) has been shown
to improve stroke outcomes [12, 13]. However, about half
of the patients were not independent in their activities of
daily living or died at 3 months despite I'V rt-PA therapy
[14]. Since the initial 24 h after thrombolysis are critical
for patients’ conditions, partly because of the frequent oc-
currence of intracranial hemorrhage (ICH), continuous
neurological assessment and blood pressure measure-
ment are required during this period of time [15]. Chang-
es in the neurological status during this period may deci-
sively affect outcomes after thrombolysis. The aims of
this study were to identify the clinical factors that were
associated with early neurological deterioration (END)
within 24 h after IV rt-PA therapy and to clarify the effect
of END on 3-month stroke outcomes.

Patients and Methods

The Stroke Acute Management with Urgent Risk Factor As-
sessment and Improvement (SAMURAI) rt-PA Registry has a
multicenter, hospital-based, retrospective, observational cohort
design [16]. Details of this study have been described previously
[16-18]. In brief, this study involved 600 consecutive patients with

END within 24 h after [V rt-PA: The
SAMURAI rt-PA Registry

acute ischemic stroke receiving alteplase from October 2005
through July 2008. All of the patients treated during the study pe-
riod were registered sequentially. Informed consent was obtained
from all study participants. Of these, 34 patients whose 24-hour
National Institutes of Health Stroke Scale (NIHSS) scores were not
available were excluded from this study. The remaining 566 pa-
tients were included. Each local Ethics Committee approved the
retrospective collection of clinical data from the database and sub-
mission of the data to our central office. Each patient received a
single alteplase dose of 0.6 mg/kg (the recommended dose in the
Japanese guidelines and the approved labeling) intravenously,
with 10% given as a bolus within 3 h of stroke onset, followed by a
continuous IV infusion of the remainder over 1 h [19].

The data collected from the database of the SAMURAI rt-PA
registers for the present study are listed in table 1. Neurological
deficits were assessed using the NIHSS score just before and 24 h
after rt-PA, and at discharge [median hospital stay 27 days, inter-
quartile range (IQR) 18-44.5 days]. END was defined as a 4-point
or greater increase in the NIHSS score at 24 h from the NIHSS
score just before thrombolysis. The ischemic stroke subtype was
defined according to the Trial of Org 10172 in Acute Stroke Treat-
ment (TOAST) categories [20]. Early ischemic change on CT was
quantitatively calculated using the Alberta Stroke Programime
Early CT Score (ASPECTS) (21, 22]. To identify arterial occlusion
sites, MR angiography, CT angiography, or ultrasound was per-
formed [23].

The outcomes investigated were any ICH and sICH within the
initial 24-36 h, NIHSS score at discharge, excellent functional
outcome corresponding to modified Rankin Scale (mRS) score
0-1, death and dependency (mRS 3-6), and death at 3 months.
Any ICH was defined as CT evidence of a new ICH [24]; it was as-
sessed by at least two experienced vascular neurologists at each
stroke center [16]. Symptomatic ICH was defined with neurologi-
cal deterioration corresponding to an increase of =1 point from
the baseline NIHSS score according to the NINDS/Cochrane pro-
tocol [13]. Symptomatic ICH was also defined according to the
Safe Implementation of Thrombosis in Stroke Monitoring Study
(SITS-MOST) protocol as parenchymal hemorrhage type IT com-
bined with an increase of =4 points from the baseline NIHSS
score [14]. Outcomes at 3 months were assessed by clinical exam-
ination at a hospital clinic or by telephone survey for patients
whose neurological deficits were too severe to visit the clinic.
Mainly study assistance nurses carried out the follow-up survey
by telephone. When the patients or their families could not be
reached, they called repeatedly till they were successful. Five pa-
tients were lost to follow-up at 3 months and for these 5 patients
the mRS scores at discharge were used as their 3-month follow-up
status.

Statistical analysis was performed using JMP 9.0 statistical
software (SAS Institute Inc., Cary, N.C., USA). Patients’ baseline
characteristics were compared between those with and without
END using x* tests, unpaired t tests, and the Mann-Whitney U
test, as appropriate. To identify the clinical factors associated with
END, multivariate analyses were performed. Sex and age were
initially entered, and the other variables listed in table 1 were cho-
sen by a backward selection procedure using the Bayesian infor-
mation criterion for exclusion. In addition, to identify the asso-
ciation between END and stroke outcomes, multivariate analyses
with a backward selection procedure were performed. Statistical
significance was established at p < 0.05.

Cerebrovasc Dis 2012;34:140-146 141

276



Table 1. Baseline clinical characteristics

END (n = 56) No END (n =510) p value
Females, n 18 (32.1) 193 (37.8) 0.468
Age, years 71.5%9.3 72.0%x11.9 0.733
Risk factors and comorbidities, n
Hypertension 35 (62.5) 312 (61.2) 0.886
Diabetes mellitus 18 (32.1) 85 (16.7) 0.010
Dyslipidemia 18 (32.1) 97 (19.0) 0.034
Atrial fibrillation 29 (51.8) 213 (41.8) 0.157
Prior ischemic stroke 10 (17.9) 93 (18.5) 1.000
Prior ischemic heart disease 9 (16.8) 62 (12.2) 0.396
Prior congestive heart failure 2 (3.6) 45 (8.8) 0.300
Prior use of antihypertensives 28 (50.0 224 (43.9) 0.399
Prior use of hypoglycemic agents 10 (17.9) 36 (7.1) 0.016
Prior use of statins 12 (21.4) 51 (10.0) 0.022
Prior use of antithrombotic therapy 25 (44.6) 185 (36.3) 0.244
Physiological and laboratory data on admission
Systolic BP, mm Hg 158 +£20 150 +£20 0.005
Diastolic BP, mm Hg 84+%15 81%x15 0.216
Blood glucose, mmol/l 9£35 7.4%+0.2 <0.001
Hemoglobin Alc, % 6.1+0.9 57%x1.0 0.021
Initial NIHSS score 11 (7-16) 13 (7-19) 0.076
ASPECTS 9 (8-10) 10 (8-10) 0.277
ICA occlusion, n 20 (35.7) 67 (13.1) <0.001
Cardioembolism as stroke subtype, n 32(57.1) 323 (63.3) 0.384
Onset-to-treatment time, min (IQR) 141 (120-170) 145 (121-166) 0.894
IV antihypertensives just before rt-PA, n 18 (32.1) 141 (27.7) 0.531

Values in parentheses represent percentage or range. Total cholesterol (p = 0.997), HDL cholesterol (p =
0.379), LDL cholesterol (p = 0.538), triglycerides (p = 0.711), and creatinine (p = 0.366) were not significantly

different between the two groups.

Results

A total of 566 consecutive stroke patients (211 women,
72.0 £ 11.6 years old) were studied. Of these, 56 patients
(9.9%, 18 women, 71.5 & 9.3 years old) had END (fig. 1).

Risk Factors Associated with END

The baseline clinical characteristics of patients with
and without END are presented in table 1. Patients with
END more commonly had diabetes mellitus (p = 0.010),
dyslipidemia (p = 0.034), prior use of hypoglycemic
agents (p = 0.016), prior use of statins (p = 0.022), and
internal carotid artery (ICA) occlusion (p < 0.001) than
patients without END. Systolic blood pressure (p =
0.005), blood glucose (p < 0.001), and hemoglobin Alc
levels (p = 0.021) were higher in patients with END than
in those without. Initial NTHSS scores just before throm-
bolysis were not significantly different between the two
groups (p = 0.076).

142 Cerebrovasc Dis 2012;34:140-146

Multivariate regression analysis to identify the clinical
factors associated with END showed that higher blood
glucose [odds ratio (OR) 1.17, 95% confidence intervals
(CI) 1.07-1.28 per 1 mmol/l increase, p < 0.001], lower
initial NIHSS score (OR 0.92, 95% CI 0.87-0.97 per
1-point increase, p = 0.002), and ICA occlusion (OR 5.36,
95% CI 2.60-11.09, p < 0.001) were independently associ-
ated with END (table 2).

Association of END with ICH within the Initial

36 Hours

Of the 566 patients, 113 (20.0%) had some ICH, includ-
ing 22 (3.9%) with sICH per NINDS/Cochrane and 7
(1.2%) with sICH per SITS-MOST. Compared to patients
without END, patients with END more often had ICH
(42.9 vs. 17.5%, p < 0.001), sICH per NINDS/Cochrane
(19.6 vs. 2.2%, p < 0.001), and sICH per SITS-MOST (7.1
vs. 0.6%, p = 0.002). On multivariate regression analysis,
END was independently associated with any ICH (OR
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Patients (n)

Fig. 1. Change in NIHSS score between
baseline score before thrombolysis and
24 h after it.

ANIHSS score

NIHSS score

O T T T
Baseline 24 h Discharge

] T T 1
Baseline 24 h Discharge

END No END

Fig. 2. Course of the NIHSS score during hospitalization. The
horizontal line in the box is the median, the bottom and top of the
box are the 25th and 75th percentile, respectively, and the ends of
the whiskers are the minimum and maximum values.

3.38, 95% CI 1.87-6.06, p < 0.001), sSICH per NINDS/
Cochrane (OR 10.75, 95% CI 4.33-26.85, p < 0.001),
and sICH per SITS-MOST (OR 12.90, 95% CI 2.76-67.41,
p = 0.002).

Association of END with 3-Month Outcomes

The median NIHSS score at discharge of the 566 pa-
tients was 4 (IQR 1-13). The discharge NTHSS score of
patients with END was different from that of patients

END within 24 h after I'V rt-PA: The
SAMURAI rt-PA Registry
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Table 2. Multivariate logistic regression analysis for END

Adjus- 95% CI p
ted OR value
Female 0.81 0.41-1.55 0.529
Age (per 10 years) 1.02 0.78-1.35  0.911
Blood glucose (per 1 mmol/l) 117 1.07-1.28  <0.001
Initial NIHSS score (per 1 point)  0.92 0.87-0.97  0.002
ICA occlusion 5.36 2.60-11.09 <0.001

These variables were chosen by a backward selection proce-
dure using the Bayesian information criterion for exclusion.

without END [21 (IQR 11-37.5) vs. 3 (1-11), p < 0.001]
(tig. 2).

Five patients were lost to follow-up at 3 months, and
their mRS score at discharge was used as the 3-month
mRS score. None of these 5 patients showed END; at hos-
pital discharge, 1 had mRS of 2, 2 had mRS of 4, and 2 had
mRS of 5. Of the 566 patients, 190 (33.6%) had an excel-
lent functional outcome (mRS 0-1), 295 (52.1%) had death
and dependency (mRS 3-6), and 38 (6.7%) had died by 3
months. No patients with END were independent while
37.3% of patients without END were independent (p <
0.001, fig. 3). Patients with END had poorer stroke out-
comes than those without END at 3 months (death and
dependency: 91.1 vs. 47.8%, p<0.001; death: 25.0 vs. 4.7%,
p < 0.001).

Cerebrovasc Dis 2012;34:140-146
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Table 3. Association of END with each outcome parameter
OR 95% CI p value
Any ICH 3.38 1.87-6.06 <0.001
sICH (NINDS/Cochrane protocol) 10.75 4.33-26.85 <0.001
sICH (SITS-MOST protocol) 12.90 2.76-67.41 0.002
Death and dependency at 3 months (mRS score 3-6) 20.44 6.96-76.93 <0.001
Death at 3 months 19.43 7.75-51.44 <0.001

These variables were chosen by a backward selection procedure using the Bayesian information criterion for exclusion.

Multivariate regression analysis indicated that END
was independently associated with death and dependen-
cy (OR 20.44, 95% CI 6.96-76.93, p < 0.001), as well as
death (OR 19.43, 95% CI 7.75-51.44, p < 0.001, table 3), at
3 months.

Discussion

In this observational study, the clinical factors associ-
ated with END within 24 h after IV rt-PA therapy and the
effect of END on stroke outcomes were determined. The
first major finding was that END was independently as-
sociated with higher blood glucose, lower baseline NTHSS
score and ICA occlusion. The second major finding was

144 Cerebrovasc Dis 2012;34:140-146

that END was independently associated with early ICH
after IV rt-PA. The third major finding was that none of
the patients with END had an excellent outcome (mRS
0-1) at 3-month follow-up; they were more often depen-
dent or had a fatal outcome (mRS 3-6) at 3 months after
multivariate adjustment.

END was present in one tenth of the patients in our
study. Previous studies indicated that END was present
in 14-38% of patients after IV rt-PA [5, 6] and in 13-40%
of patients who did not receive thrombolysis [2-4, 7, 8].
However, it is important to note that the definition of
END differed among the studies. The time interval to as-
sess deterioration differs greatly among studies, includ-
ing the initial 24 h [5, 6,9, 11], 36 h [7],48-72h [1, 2, 4, 8,
10], and 7 days after stroke onset [3]. As an indicator for
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neurological deterioration, the Scandinavian Neurologi-
cal Stroke scale [5, 7], the Canadian Neurological Scale
[8], and different cutoff scores of the NIHSS (increase of
more than 1 [4], 3 [2], and 4 points [1, 6, 9-11]) were used.
Thus, a direct comparison of the results among these
studies is difficult.

In the present study, higher blood glucose was associ-
ated with END. Hyperglycemia is known to be a risk fac-
tor for poor outcome of stroke patients even after early
recanalization following thrombolysis [9, 25, 26]. Hyper-
glycemia is also known to be a risk factor for thromboly-
sis-associated sICH [27]. Possible mechanisms of hyper-
glycemia-associated neurological deterioration include
endothelial damage, deteriorating tissue acidosis, and
worsening of blood-brain barrier breakdown [9, 25, 26].
ICA occlusion was inversely correlated with early im-
provement (=8-point decrease in the NIHSS score) 24 h
after IV rt-PA in our single-center cohort [28]. The pres-
ent results may be the reverse side of the same coin. A
reduction in local cerebral perfusion pressure after ICA
occlusion with poor leptomeningeal collaterals could be
a reason for END [1]. It was paradoxical that the lower
baseline NIHSS score was associated with END in the
present study, the opposite of what was found in previous
studies [2, 3, 5-7]. These unusual results may be due to a
ceiling effect, preventing the high score from increasing
further. Prior use of antithrombotic therapy and history
of congestive heart failure may influence early neurolog-
ical states after thrombolysis via growth of ICH [27, 29],
although they were not associated with END in the pres-
ent study.

Symptomatic ICH often occurs within several hours
after thrombolysis and is the most common cause of
END [6]. In our cohort, sSICH was more than 10 times as
frequent in END patients as in other patients. In addition,
acute arterial reocclusion [6], acute recurrent stroke [10,
11], edema progression [1, 30], and noncerebral accidents
including infections and cardiovascular events are less
common causes of END, although these possible mecha-
nisms of END were not assessed in the present study. Of
these, large swelling edema and edema with ICH were
reported to showastrongassociation witha poor 3-month
outcome [30].

The clear messages from the present study are that
END within 24 h excludes independence and is associ-
ated with a very high risk of death and dependency (OR
20.44) at 3 months. These findings are similar to those
from previous trials on IV rt-PA [5, 6]. Thus, careful
stroke care to avoid END could lead to better 3-month
outcomes.

END within 24 h after IV rt-PA: The
SAMURAI rt-PA Registry

Certain limitations need to be considered prior to in-
terpretation of the present results. First, patients who did
not receive rt-PA were not included in this study. Second,
early recanalization of the occluded cerebral artery,
which greatly affects early neurological status, was not
assessed. Third, END was evaluated at 24 h and sICH was
assessed within the initial 24-36 h. Fourth, biochemical
variables were modified by onset of stroke and they might
not reflect patients’ characteristics before stroke onset.
Finally, the present results based on low-dose rt-PA ther-
apy (0.6 mg/kg) may not be applicable to the regular dose
therapy (0.9 mg/kg).

Hyperglycemia, lower baseline NIHSS score, and ICA
occlusion were independently associated with END after
rt-PA therapy. The present study clearly indicates that
END within 24 h after thrombolysis has an important as-
sociation with poor 3-month outcomes.
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Conjugate Eye Deviation in Acute
Intracerebral Hemorrhage

Stroke Acute Management With Urgent Risk-Factor Assessment and
Improvement—ICH (SAMURAI-ICH) Study

Shoichiro Sato, MD; Masatoshi Koga, MD; Hiroshi Yamagami, MD; Satoshi Okuda, MD;
Yasushi Okada, MD; Kazumi Kimura, MD; Yoshiaki Shiokawa, MD; Jyoji Nakagawara, MD;
Eisuke Furui, MD; Yasuhiro Hasegawa, MD; Kazuomi Kario, MD; Shoji Arihiro, MD;
Kazuyuki Nagatsuka, MD; Kazuo Minematsu, MD; Kazunori Toyoda, MD

Background and Purpose—Conjugate eye deviation (CED) occurs frequently in patients with acute stroke. The purpose of
this study was to elucidate the factors that correlate with CED as well as the relationship between CED and outcomes in
patients with acute intracerebral hemorrhage.

Methods—A total of 211 patients with acute supratentorial intracercbral hemorrhage were recruited in a multicenter,
prospective study. CED was assessed with a National Institutes of Health Stroke Scale “best gaze” subscore of =1.
Hematoma location and volume were assessed on CT.

Results—TForty-five percent of the patients had CED. On multivariable analysis, right-sided lesion (OR, 2.36; 95% CI,
1.18-4.93), hematoma volume (OR, 1.07; 95% CI, 1.04-1.10 per 1 mL), and baseline Glasgow Coma Scale score (OR,
0.66;95% CI, 0.53-0.80 per | point) were independently associated with CED. After adjusting for sex, age, intraventricular
extension of the hematoma, baseline Glasgow Coma Scale score, and hematoma volume, the presence of CED both on
admission and 72 hours later was an independent predictor of death or dependency at 3 months poststroke (OR, 5.77;
95% Cl, 2.27-16.94). The optimal cutoff volume of hematoma related to CED was 213.5 mL for patients with putaminal
hemorrhage (sensitivity, 76%; specificity, 72%) and 27.7 mL for patients with thalamic hemorrhage (sensitivity, 82%;
specificity, 83%).

Conclusions—The persistence of CED was a significant predictor of death or dependency after acute supratentorial
intracercbral hemorrhage even after adjusting for initial severity and hematoma volume. CED can be evoked by a
relatively smaller thalamic hematoma than a putaminal hematoma. (Stroke. 2012;43:2898-2903.)

Key Words: conjugate eye deviation m CT m ICH m outcomes

onjugate eye deviation (CED) occurring in association relationships between CED and clinical factors or poststroke
with an acute cerebral lesion is known as a “Prévost outcome in acute ICH have not been fully evaluated. Thus,
sign” or “Vulpian sign.”"* The underlying mechanism respon- this issue was investigated using data from a multicenter study
sible for the development of CED in supratentorial stroke is on acute supratentorial hemorrhage. The first aim of the pres-
thought to be damage to the frontal eye field or subcortical ent study was to elucidate factors that correlate with CED in
pathways.'# acute ICH. The second aim was to elucidate the relationship
A recent single-center study on acute anterior circulation between CED and outcomes after ICH.
ischemic stroke showed that CED was an indicator of extended
ischemic insult in both the basal ganglia and cortical regions Methods
that are also related to spatial attention or gaze.® Intracerebral The patient samples for this study were derived from the Stroke
hemorrhage (ICH) can also evoke CED.” However, the Acute Management With Urgent Risk-Factor Assessment and
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Table 1. Frequency of Gonjugate Eye Deviation

Overall Putamen  Thalamus Subcortex

n=211) (=112) (=75 (n=12)  PValue*
Any CED 96 (45%) 54 (48%) 34 (45%) 3 (25%) 0.307
Forced CED 27 (13%) 15(13%) 7 (9%) 3 (25%) 0.291
Persistent CED 53 (25%) 29 (26%) 19 (25%) 1 (8%) 0.400

*Among patients with putaminal, thalamic, and subcortical hemorrhages.
CED indicates conjugate eye deviation.

Improvement-ICH (SAMURAI-ICH) study that was a prospec-
tive, multicenter, observational study conducted between July 2009
and June 2011 to identify the safety and feasibility of early blood
pressure-lowering for acute hypertension in patients with spontane-
ous ICH. Ten Japanese stroke centers participated in the study. An
article with the main results has been submitted elsewhere.

Patients with ICH who met the following criteria were registered:
age =20 years; (otal Glasgow Coma Scale (GCS) score'® >5; initial
systolic blood pressure >180 mm Hg; CT <2.5 hours of onset dem-
onstrating a supratentorial intraparenchymal hematoma with manual
volume measurement <60 mL; absence of extensive intraventricu-
far hemorrhage associated with intraparenchymal hemorrhage; and
informed consent was obtained from the patient, legally authorized
representative, or next of kin. Titrating of intravenous nicardipine was
started within 3 hours of symptom onset and continued for 24 hours
to achieve and maintain the target systolic blood pressure level <160
mm Hg and >120 mm Hg. The study was approved by each institu-
tional ethics and hospital management committee.

Neurological status assessments using the GCS and National
Institutes of Health Stroke Scale (NIHSS)! by the treating stroke
specialists were mandatory both on admission and 72 hours after
admission. CED was defined as positive when the patient had an
NTHSS “#2 best gaze” subscore of 21. For the NIHSS item, patients
were rated as having normal (subscore of 0), any CED (subscore of
1 or 2), and forced CED (subscore of 2). Patients with any CED both
on admission and 72 hours after admission were rated as having per-
sistent CED. Patients underwent follow-up 3 months after ICH onset
to assess the modified Rankin Scale (mRS)™" score in person or by
telephone. Death was coded as a mRS score of 6. An unfavorable
outcome was defined as a mRS score 3 to 6 (death or dependency).

Hematoma volume was determined with the ABC/2 [(lengthx
widthxheight)/2] method' at the bedside by the stroke specialist on
admission.

Statistical analysis was performed using JMP 9.0.3 statistical
software (SAS Institute Inc, Cary, NC). Frequencies of each CED ac-
cording o the location of hematoma were tested by %* tests. Baseline
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clinical characteristics were compared between patients with and with-
out each CED using * tests and unpaired ¢ tests; GCS, NIHSS, and
mRS scores were analyzed using the Wilcoxon/Kruskal-Wallis tests.
The ORs for associated variables with each CED were determined
using multivariable Jogistic regression analyses by the forced entry
method adjusted for sex, age, onset-to-arrival time, right-sided legion,
hematoma volume, and baseline GCS score. The ORs for each CED
and death or dependency at 3 months were determined using multivari-
able logistic regression analyses by the forced entry method adjusted
for sex, age, and established predictors of poor outcome after supraten-
torial hemorrhage from previous studies,'™'7 that is, intraventricular ex-
tension of the hematoma, baseline GCS score, and hematoma volume.
Baseline NIHSS score was not used for the adjustment considering the
colinearity both between CED and the NIHSS score and between the
GCS score and the NTHSS score. We tested for an interaction between
the variables. The tests were accomplished by including all combina-
tions of each 2 variables in the multivariable regression models. To
obtain the cutoff hematoma volume, GCS score, and NIHSS score for
discriminating between patients with and without each CED, receiver
operating characteristic curves were constructed, and the area under
the receiver operating characteristic curve was calculated for all pa-
tients, for those with putaminal hemorrhage, and those with thalamic
hemorrhage, respectively. P<0.05 was considered significant.

Results

All Patients
A total of 211 patients were enrolled in the SAMURAI-ICH
study (the target sample size was to be 200 patients); all of
those were also enrolled in this substudy. Hematomas were
in the putamen in 112 patients (53%), thalamus in 75 (35%),
subcortex in 12 (6%), caudate nucleus in one, internal capsule
in one, and extensively in multiple regions in the remaining
10 (putamen and thalamus in 8, thalamus and caudate nucleus
in one, and putamen, thalamus, and subcortex in one). At the
time of the emergency visit, 96 patients (45%) had any CED:
69 had partial CED and 27 had forced CED (Table 1). A total
of 53 patients (25%) showed persistent CED. The frequency
of any CED was lower in patients with subcortical hemorrhage
(25%) than in those with putaminal (48%) or thalamic hemor-
rhages (45%), although the differences were not significant.
The baseline clinical characteristics of the patients are pre-
sented in Table 2. Patients with any CED had a larger hematoma
volume (P<0.001), a lower GCS score (P<0.001), and a higher
NIHSS score (P<0.001) than patients without any CED. These

Table 2. Patients’ Baseline Clinical Characteristics
Total Any CED

(n=211) With (n=96) Without (n=115)  PValue
Male sex (%) 130 (62) 57 (59) 73 (63) 0.542
Age, mean y (SD) 66 (12) 67 (12) 65(12) 0.184
Previous stroke (%) 26 (12) 10 (10) 16 (14) 0.442
Onset-to-arrival time, median (1QR), min 55 (40-76) 50 (41-65) 58 (40-82) 0.163
Right-sided lesion (%) 110 (52) 54 (56) 56 (49) 0.274
Hematoma volume, median (IQR), mL 102(5.6t019.2) 156(.0t0300) 7.0(3.4t012.1) <0.001
Intraventricular extension of the 39 (18) 22 (23) 17 (15) 0.130
hematoma (%)
Baseline GCS score, median (QR) 14 (13-15) 13 (11-15) 15 (14-15) <0.001
Baseline NIHSS score, median (IQR) 13 (8-17) 17 (13-20) 9 (6-13) <0.001

CED indicates conjugate eye deviation; IQR, interquartile range; GCS, Glasgow Coma Scale; NIHSS, National

Institutes of Health Stroke Scale.
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Table 3. Multivariable Logistic Regression Analysis for the Presence of Conjugate Eye Deviation

Any CED Forced CED Persistent CED

OR 95% Cl PValue OR 95% Cl PValue OR 95% Cl PValue
Male sex 0.89 0.45-1.78 0.742 0.77 0.28-2.13 0.614 0.56 0.27-1.15 0.112
Age (pery) 1.02 0.99-1.05 0.237 1.01 0.97-1.05 0.715 1.02 0.99-1.05 0.154
Onset-to-arrival time (per min) 0.99 0.98-1,00 0.236 1.00 0.98-1.02 0.922 1.00 0.98-1.01 0.679
Right-sided legion 2.36 1.18-4.93 0.015 3.01 1.02-10.17 0.046 217 1.02-4.84 0.045
Hematoma volume (per mL) 1.07 1.04-1.10 <0.001 1.07 1.04-1.10 <0.001 1.05 1.03-1.08 <0.001
Baseline GCS score (per point) 0.66 0.53-0.80 <0.001 0.67 0.54-0.82 <0.001 0.82 0.69-0.96 0.013

CED indicates conjugate eye devation; GCS, Glasgow Coma Scale.

3 variables were also significantly different between patients
with and without forced CED (P<0.001 for all) and between
patients with and without persistent CED (P<0.001 for all).
Table 3 shows the results of the multivariable analysis to
identify variables significantly associated with the presence
of CED. Right-sided lesion (OR, 2.36; 95% CI, 1.18-4.93),
hematoma volume (OR, 1.07; 95% CI, 1.04-1.10 per 1 mL),
and baseline GCS score (OR, 0.66; 95% CI, 0.53-0.80 per 1
point) were independently associated with any CED. These 3
variables were also independently associated with both forced
CED and persistent CED. In models using interaction terms,
these 3 variables were still independently associated with any
CED, forced CED, and persistent CED. For predicting any
CED, the optimal cutoff hematoma volume was 28.1 mL, the

optimal cutoff GCS score was 214, and the optimal cutoff
NIHSS score was 212 (Table 4).

Finally, the association of CED with the clinical outcome at
3 months was examined. The median mRS score was higher in
patients with any CED than in those without (4 [interquartile
range, 2-4] versus 2, [1-4]; P<0.001; Figure); the score was
also higher in patients with forced CED than in those without
(P<0.001) and in patients with persistent CED than in those
without (P<0.001). Dead or dependent patients, correspond-
ing to mRS scores of 3 to 6, accounted for 74% of those with
any CED, 78% of those with forced CED, and 89% of those
with persistent CED, whereas they accounted for 50% of those
without any CED. Both any CED and persistent CED were
independently associated with death or dependency after
adjusting for sex, age, and intraventricular extension of the

Table 4. The Optimal Cutoff Hematoma Volume to Predict Conjugate Eye Deviation

Cutoff
Volume, mL Sensitivity, % Specificity, % PPV, % NPV, % AUC
Hematoma volume
Overall
Any CED 8.1 90 57 63 87 0.777
Forced CED 9.2 96 53 23 99 0.809
Persistent CED 8.1 94 46 37 96 0.739
Putamen: any CED 13.5 76 72 72 76 0.802
Thalamus: any CED 7.7 82 83 80 85 0.855
Glasgow Coma Scale
Overall
Any CED 14 75 66 65 76 0.742
Forced CED 13 87 71 25 94 0.719
Persistent CED 13 57 74 42 84 0.680
Putamen: any CED 14 74 69 69 74 0.738
Thalamus: any CED 13 59 93 87 73 0.811
NIHSS
Overall
Any GED 12 83 71 7 84 0.854
Forced CED 15 89 67 28 98 0.843
Persistent CED 15 81 73 51 92 0.832
Putamen: any CED 12 85 72 74 84 0.843
Thalamus: any CED 11 91 68 70 90 0.867

CED indicates conjugate eye deviation; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the receiver
operating characteristic curve; NIHSS, National Institutes of Health Stroke Scale.
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hematoma (OR, 2.70; 95% CI, 1.46-5.08 and OR, 8.38; 95%
CI, 3.46-23.82, respectively) and after further adjusting for
the baseline GCS score (OR, 2.23; 95% CI, 1.15-4.41 and OR,
7.41; 95% C1, 3.01-21.28, respectively; Table 5). Persistent
CED remained significantly predictive of death or dependency
after adjusting for sex, age, intraventricular extension of the
hematoma, baseline GCS score, and hematoma volume (OR,
5.77; 95% C1, 2.27-16.94).

Patients With Putaminal Hemorrhage

One hundred twelve patients (69 men, 62+13 years old) had
putaminal hemorrhages (median volume, 13.6 mL). At the time
of the emergency visit, 54 patients (48%) had CED: 39 had
partial CED and 15 had forced CED (Table 1). A total of 29
patients (26%) showed persistent CED. Of the baseline clini-
cal characteristics of patients, age (65+12 years versus 60+13
years, P=0.020), median hematoma volume (19.4 mL versus
8.8 mL, P<0.001), GCS score (13 versus 15, P<0.001), and
NIHSS score (17 versus 10, P<0.001) were significantly differ-
ent between patients with and without any CED. Multivariable
analysis indicated that age (OR, 1.04; 95% CI, 1.00-1.09 per
1 year; P=0.028) and hematoma volume (OR, 1.10; 95% CI,

80% 100%

1.05-1.17 per 1 mL; P<0.001) were independently associated
with any CED. For predicting any CED, the optimal cutoff
hematoma volume was 213.5 mL, the optimal cutoff GCS score
was =14, and the optimal cutoff NIHSS score was 212 (Table
4).

At 3 months, the median mRS score was higher (3 [inter-
quartile range, 2—4 versus 2 interquartile range, 1-3]; P=0.006)
and death or dependency was more common (67% versus
38%; P=0.002) in patients with any CED than in those with-
out. After adjusting for sex, age, and intraventricular extension
of the hematoma, any CED was independently associated with
death or dependency (OR, 2.73; 95% CI, 1.22-6.25; Table
5); the independent association did not remain after further
adjustment for baseline GCS score or hematoma volume.

Patients With Thalamic Hemorrhage

Seventy-five patients (47 men, 69+10 years old) had thalamic
hemorrhages (median volume, 6.8 mL). These patients were
older than those with putaminal hemorrhages (P<0.001). At the
time of the emergency visit, 34 patients (45%) had CED: 27 had
partial CED and 7 had forced CED (Table 1). A total of 19
patients (25%) showed persistent CED. Of the patients’

Table 5. Association Between Gonjugate Eye Deviation and Death or Dependency at 3 Mo

Multivariable-Adjusted:

Multivariable-Adjusted: Multivariable-Adjusted:

Crude Model 1 Model 2 Model 3
OR 95% Cl PValue OR 95% Cl PVaiue OR 95% Cl PValue OR 95% Cl PValue
Overall (211 patients)
Any CED 2.89 1.63-5.24 <0.001 270 1.46-5.08 0.001 223 1.15-4.41 0.018 156 0.75-3.24 0.235
Forced CED 252 1.08-713 0.044 253 0.98-7.40 0.054 196 0.72-5.98 0194 094 0.30-3.14 0.921
Persistent CED 745 323-2032 <0.001 8.38 3.46-2382 <0.001 741 3.01-21.28 <0.001 577 227-16.94 <0.001
Putamen (112 patients):  3.27  1.53-7.23 0.002 273 1.22-625 0.015 189 0.77-4.63 0165 100 0.35-2.78 0.993
any GED
Thalamus (75 patients): 587  1.89-22.48 0.002 791 214-38.69 0.001 349 0.72-21.01 0123 149 0231113 0.680
any GED

CED indicates conjugate eye deviation; GCS, Glasgow Coma Scale.

Model 1: adjusted for sex, age, and intraventricular extension of the hematoma; Model 2: adjusted for sex, age, intraventricular extension of the hematoma, and
baseline GCS score; Model 3: adjusted for sex, age, intraventricular extension of the hematoma, baseline GCS score, and hematoma volume.
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baseline clinical characteristics, median hematoma volume
(9.5 mL versus 4.5 mL, P<0.001), GCS score (13 versus 15,
P<0.001), and NIHSS score (16 versus 8, P<0.001) were sig-
nificantly different between patients with and without any
CED. Multivariable analysis indicated that hematoma volume
(OR, 1.21; 95% Cl, 1.05-1.44 per 1 mL; P=0.006) and base-
line GCS score (OR, 0.54; 95% CI, 0.29~0.86 per 1 point;
P=0.008) were independently associated with any CED. For
predicting any CED, the optimal cutoff hematoma volume
was =7.7 mL, the optimal cutoff GCS score was 213, and the
optimal cutoff NIHSS score was 211 (Table 4).

At 3 months, the median mRS score was higher (4 [interquar-
tile range, 3~4] versus 3 [interquartile range, 2-4]; P<0.001)
and death or dependency was more common (88% versus
56%; P=0.003) in patients with any CED than in those with-
out. After adjusting for sex, age, and intraventricular extension
of the hematoma, any CED was independently associated with
death or dependency (OR, 7.91; 95% CI, 2.14-38.69; Table
5); the independent association did not remain after further
adjustment for baseline GCS score or hematoma volume.

Discussion

This study had 4 major findings: (1) CED was observed in
45% of patients with supratentorial hemorrhage at the time of
the emergency visit and lasted for 72 hours in half of them; (2)
right-sided lesion, hematoma volume, and baseline GCS score
were independently associated with CED; (3) the presence of
CED, especially CED lasting for 72 hours, was an indepen-
dent predictor of death or dependency at 3 months poststroke;
and (4) a relatively smaller hematoma evoked CED in tha-
lamic than in putaminal hemorrhages, and the optimal cutoff
volume of the hematoma related to CED was 27.7 mL for
thalamic and 213.5 mL for putaminal hemorrhages.

CED occurs more [requently after ICH than after cerebral
infarction.™® Its frequency was 14% to 33% in patients with
supratentorial infarction,*"® 33% in 215 patients with striate—
capsular hemorrhage,” and 32% in 100 patients with thalamic
hemorrhage.” The percentage of detection of CED in the pres-
ent patients with ICH (45%) was relatively higher than in pre-
vious studies, probably partly due to the short time interval
between stroke onset and the initial neurological examination
(<3 hours). CED was reported to subside in 57% of patients
within 48 hours after hemispheric ischemic or hemorrhagic
stroke,” and it subsided in 43 of 96 patients (45%) in the
present study. CED in patients with subcortical hemorrhage
has not been adequately studied. In the present cohort, CED
after subcortical hemorrhage was half as common as that after
deeper hemorrhage, although the sample size was not large
enough for the difference to be significant.

The present results are unique in that right-sided hema-
toma was associated with any, forced, or persistent CED. CED
attributable to right hemispheric stroke was reported to be
more common and to persist longer than CED with a left-sided
stroke 5122 Ap imbalance between the left and right corti-
cal inputs on the superior colliculus and premotor reticu-
lar formations® as well as an association between CED and
vnilateral neglect*? is a major possible reason for this
difference.
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Baseline GCS score, hematoma volume, and intraventricu-
lar extension are established predictors for poor outcome after
supratentorial hemorrhage on multivariable analyses.’™'" In
contrast, CED was reported to be associated with poor out-
come on univariate analysis but not on multivariable analy-
sis,*** partly because CED has a strong association with the
previously established predictors, as shown in Table 3. In the
present results, any CED on admission was independently
related to death or dependency at 3 months even after adjust-
ment for GCS, and persistent CED 72 hours after admission
was independently related after adjustment for GCS and
hematoma volume. This positive statistical result suggests
the strengths of the present study: the relatively larger sample
size than previous studies and accurate documentation of the
severity and duration of CED. Another possible explanation
for this result was that the statistical power of hematoma vol-
ume might be weakened because patients with huge hemato-
mas (>60 mL) were excluded. Bedside assessment of CED
twice is easy, not time-consuming, and appears to provide
valuable information related to chronic outcomes.

A smaller cutoff volume causes CED in thalamic than in
putaminal hematomas, and this may be due to the dense neu-
rological structures of the thalamus. The volume of the healthy
human thalamus is generally less than 6.5 mm*?*® smaller
than the present cutoff volume of thalamic hematoma causing
CED (=7.7 mL). Thus, a thalamic hematoma 27.7 mL would
impair the anterior and posterior limbs of the internal capsule
sarrounding the thalamus; these are critical structures respon-
sible for CED."*%% A case series demonstrated that a thalamic
hematoma >2 cm in diameter, >4 mL in volume, or with lat-
eral extension was associated with CED.” The same situation
can happen regarding extinction/inattention (neglect), another
NIHSS subscore that has relationships with CED. Extinction/
inattention (subscore 21) was similarly positive between
thalamic patients (53%) and putaminal patients (59%, not
described in “Results”), although hematoma volume was very
different between the 2 regions.

A strength of this study was that emergency brain imaging
was done right after the hospital visit and almost at the same
time as the initial examination for CED, within 2.5 hours after
symptom onset. Because both CED and hematoma volume
can change during hyperacute ICH, it is necessary to evaluate
CT and neurological examinations in a unified manner with-
out a time delay in the emergency setting to accurately identify
hematoma location and cutoff volume for CED. The present
association between CED and hematoma volume appears to
be highly reliable, whereas previous studies did not do close
volumetric analysis of hematoma.™

The present study had some limitations. First, the study is
a retrospective analysis of a prospectively collected sample
and implications for bias introduction. Second, analyses only
for patients with thalamic ICH and those only for patients
with putaminal ICH might not have strong statistical power
due to small sample size. Third, data on the detailed hema-
toma location in the thalamus or putamen were not avail-
able in the present database, although the finding might be
associated with both presences of CED and stroke outcomes.
Fourth, data on the direction of CED were not available for



all patients. Most patients had ipsilateral CED to the hema-
toma, but some patients, especially those with thalamic hem-
orrhage, might have contralateral CED.?3 Fifth, all patients
were treated with intravenous nicardipine to maintain certain
levels of blood pressure under the unified protocol of the
SAMURAI-ICH study. The antihypertensive intervention
might affect the duration of CED or the outcome at 3 months.

Conclusions

Persistence of CED was a significant predictor of death or
dependency after acute supratentorial hemorrhage even after
adjusting for initial neurological severity and hematoma vol-
ume. A relatively smaller hematoma could elicit CED in tha-
lamic than in putaminal lesions among patients with acute ICH.

Acknowledgments
We thank Akiko Kada, MPH, for advice on the statistical analyses.

Sources of Funding
This study was supported in part by Grants-in-Aid (H20-Junkanki-
Ippan-019 and H23-Junkanki-Ippan-010, chief investigator: Dr
Toyoda) from the Ministry of Health, Labor and Welfare, Japan.

Disclosures
None.

References
1. Tijssen CC. Conjugate deviation of the eyes in cerebral lesions. Bull Soc
Belge Ophtalmol. 1989;237:245-258.

. Goodwin JA, Kansu T. Vulpian’s sign: conjugate eye deviation in acute

cerebral hemisphere lesions. Neurology. 1986;36:711-712.

3. Okinaka S, Toyokura Y, Nakamura H, Kuroiwa Y, Tsubaki T. A contri-
bution to the study of pathogenesis of conjugate deviation of eyes in
cerebral apoplexy. Folia Psychiatr Neurol Jpn. 1952,6:125-137.

4. Tanaka H, Arai M, Kubo J, Hirata K. Conjugate eye deviation with
head version due to a cortical infarction of the frontal eye field. Stroke.
2002;33:642-643.

5. Pedersen RA, Troost BT. Abnormalities of gaze in cerebrovascular dis-
ease. Stroke. 1981;12:251-254.

6. Singer OC, Humpich MC, Laufs H, Lanfermann H, Steinmetz H,
Neumann-Haefelin T. Conjugate eye deviation in acute stroke: incidence,
hemispheric asymmetry, and lesion pattern. Stroke. 2006;37:2726-2732.

7. Kumral E, Kocaer T, Ertubey NO, Kumral K. Thalamic hemorrhage. A
prospective study of 100 patients. Stroke. 1995;26:964-970.

8. Chung CS, Caplan LR, Han W, Pessin MS, Lee KH, Kim JM. Thalamic
haemorrhage. Brain. 1996;119:1873-18836.

9. Chung CS, Caplan LR, Yamamoto Y, Chang HM, Lee SJ, Song HJ, et al.

Striatocapsular haemorrhage. Brain. 2000;123:1850-1862.
. Teasdale G, Jennett B. Assessment of coma and impaired consciousness.
A practical scale. Lancer. 1974;2:81-84.

3=

Sato et al

287

18.

19.

27.

28.

30.

Conjugate Eye Deviation in ICH 2903

. Lyden P, Brott T, Tilley B, Welch KM, Mascha EJ, Levine S, et al.

Improved reliability of the NIH Stroke Scale using video training.
NINDS tPA Stroke Study Group. Stroke. 1994;25:2220-2226.

. van Swieten JC, Koudstaal PI, Visser MC, Schouten HJ, van Gijn

1. Interobserver agreement for the assessment of handicap in stroke
patients. Stroke. 1988;19:604-607.

. Dennis M, Mead G, Doubal ¥, Graham C. Determining the modified

Rankin score after stroke by postal and telephone questionnaires. Stroke.
2012:43:851-853.

. Kothari RU, Brott T, Broderick JP, Barsan WG, Sauerbeck LR,

Zuccarello M, et al. The ABCs of measaring intracerebral hemorrhage
volumes. Stroke. 1996;27:1304-1305.

. Young WB, Lee KP, Pessin MS, Kwan ES, Rand WM, Caplan LR.

Prognostic significance of ventricular blood in supratentorial hemor-
rhage: a volumetric study. Newrology. 1990;40:616-619.

. Tuhrim S, Dambrosia JM, Price TR, Mohr JP, Wolf PA, Hier DB, et al.

Intracerebral hemorrhage: external validation and extension of a model
for prediction of 30-day survival. Ann Newurol. 1991;29:658-663.

. Hardemark HG, Wesslen N, Persson L. Influence of clinical factors, CT

findings and early management on outcome in supratentorial intracere-
bral hemorrhage. Cerebrovasc Dis. 1999;9:10-21.

Mohr JP, Rubinstein LV, Kase CS. Gaze palsy in hemispheral stroke:
the NINCDS Stroke data bank [Abstract]. Neurology. 1984;34
(suppl 1):199.

Ringman JM, Saver IL, Woolson RE, Adams HP. Hemispheric asym-
metry of gaze deviation and relationship to neglect in acute stroke.
Neurology. 2005;65:1661-1662.

. Steiner I, Melamed E. Conjugate eye deviation after acute hemispheric

stroke: delayed recovery after previous contralateral frontal lobe dam-
age. Ann Newrol. 1984;16:509-511.

. De Renzi E, Colombo A, Faglioni P, Gibertoni M. Conjugate gaze pare-

sis in stroke patients with unilateral damage. An unexpected instance of
hemispheric asymmetry. Arch Neurol. 1982;39:482-486.

. Tijssen CC, Schulte BP, Leyten AC. Prognostic significance of conjugate

eye deviation in stroke patients. Stroke. 1991;22:200-202.

. Tijssen CC, van Gisbergen JA, Schulte BP. Conjugate eye deviation:

side, site, and size of the hemispheric lesion. Neurology. 1991;41:
846-850.

. Fruhmann Berger M, Pross RD, Ilg UJ, Karnath HO. Deviation of eyes

and head in acute cerebral stroke. BMC Neurol. 2006;6:23.

. Becker E, Karnath HO. Neuroimaging of eye position reveals spatial

neglect. Brain. 2010;133:909-914.

. Mase G, Zorzon M, Biasutti E, Tasca G, Vitrani B, Cazzato G. Immediate

prognosis of primary intracerebral hemorrhage using an easy model for
the prediction of survival. Acta Neurol Scand. 1995;91:306-309.
Schwartz M, Creasey H, Grady CL, DeLeo JM, Frederickson HA, Cutler
NR, et al. Computed tomographic analysis of brain morphometrics in 30
healthy men, aged 21 to 81 years. Ann Neurol. 1985;17:146-157.

Lee SH, Kim 8§, Tae WS, Lee SY. Choi JW, Koh SB, et al. Regional vol-
ume analysis of the Parkinson disease brain in early disease stage: gray
matter, white matter, striatum, and thalamus. AJNR Am J Neuroradiol.
2011;32:682-687.

. Keane JR. Contralateral gaze deviation with supratentorial hemorrhage.

Arch Neurol. 1975;32:119-122.
Tijssen CC. Contralateral conjugate eye deviation in acute supratentorial
{esions. Stroke. 1994;25:1516-1519.



_ Images in Cardiovascular Medicine

Common Carotid Artery Dissection Caused by a Frontal
Thrust in Kendo (Japanese Swordsmanship)

Rieko Suzuki, MD; Masato Osaki, MD; Kaoru Endo, MD; Tatsuo Amano, MD;
Kazuo Minematsu, MD, PhD; Kazunori Toyoda, MD, PhD

66-year-old right-handed man suddenly developed
left hemiplegia after an opponent thrust at his neck
with a bamboo sword during a practice game of Kendo
(Japanese swordsmanship; Figure ). Fifty minutes later,
he visited our emergency service. His blood pressure was
77/55 mm Hg in the left arm but could not be measured in
the right arm; his right radial artery was initially pulseless
but became palpable 1 hour later. He was somnolent and
had left unilateral spatial neglect, left complete hemiple-
gia, and left-sided sensory disturbance. Enhanced com-
puted tomography (CT) showed an occlusion 15 mm distal
to the origin of the right common carotid artery (CCA)
without any abnormal findings at the aorta and innominate
and right subclavian arteries. On emergent carotid ultra-
sonography, an intraluminal filling defect occupied the
right CCA and swung back and forth with pulsation. He
was diagnosed as having ischemic stroke, possibly caused
by traumatic CCA dissection, although an infarct was not
identified on brain CT.

On the second day, fresh infarcts were identified in the
right hemisphere on diffusion-weighted MRI, and the right
internal carotid, middle cerebral, and posterior cerebral
arteries were poorly demonstrated on magnetic resonance
angiography (Figure 2). On the fourth day, the right CCA
was recanalized, and the intimal flap was identified on
ultrasonography (Figure 3 and Movie I in the online-only
Data Supplement). A mobile thrombus was identified
within the true lumen, but its shape changed on the
follow-up ultrasonography 9 hours later. The false lumen
diminished, and the thrombus disappeared with a mild
aneurysmal change after day 30. The patient was diag-
nosed as having a definite dissection of the CCA. These
dynamic changes were also identified on CT angiography
(Figure 4). The right distal CCA was severely stenotic on
the fourth day. The stenosis became milder with aneu-
rysmal change on day 10. The intimal flap and double
lumens in the right CCA were detected on axial CT scans.
The small false lumen was also identified in the distal

Figure 1. A, A performance of tsuki in
Kendo. B, A bamboo sword is thrust at
the partner’s throat armor.
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Figure 2. Brain magnetic resonance (MR) images on day 2. A
through C, Diffusion-weighted MR imaging studies demonstrat-
ing fresh and scattered infarcts in the right middle and posterior
cerebral artery areas (arrows). D, MR angiography demonstrai-
ing poor visualization of the right internal carotid, middle cere-
bral (arrowhead), and posterior cerebral arteries.

innominate artery, indicating the existence of the revers-
ible innominate dissection that had caused pulselessness at
the time of the initial examination. At hospital discharge
on day 49, the patient still had severe hemiplegia. He did
not develop recurrent stroke.

A frontal thrust of Kendo can cause cervical artery
dissection and stroke,! although it has rarely been re-
ported.? The strength of this report is that dynamic changes
in the morphology of the dissected CCA were clarified
through the use of both ultrasonography and CT angiog-
raphy examinations.
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Figure 3. Changes in a B-mode image of
the right common carotid artery (CCA). A,
On day 2, the distal CCA is occluded with
a thrombosed false lumen (arrows). A
mobile thrombus is identified proximal
(Prox.) to the occlusion site {arrowhead).
B through E, Longitudinal (B-D) and axial
(E) B-mode images on day 4 at 10 am (B),
7 pm (C), and 9 PM (D and E). E, Axial
image of a dotted line on D. The distal
(Dis.) CCA is recanalized. The mobile
thrombus gradually changes in shape
(arrowhead). An intimal flap (small arrow-
head) and a thrombosed false lumen
(asterisk) are seen at the proximal CCA.
F, On day 48, the mobile thrombus and
the thrombosed false lumen disappear
completely. Aneurysmal formation is seen
(filled arrow).

Figure 4. Cervical computed tomography angiog-
raphy. A, On day 4, the right distal common
carotid artery (CCA) is stenctic (arrow). B, On day
23, the stenotic GCCA becomes wider (arrow), and
aneurysmal formation is evident (arrowhead).



Dabigatran and Factor Xa Inhibitors for Stroke Prevention in
Patients with Nonvalvular Atrial Fibrillation
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Stroke is a major health problem worldwide, and is often fatal or associated with
poor long-term outcomes. Atrial fibrillation (AF) is responsible for up to 20% of
all strokes; and the risk of stroke in patients with AF increases with age. Although
warfarin is well established for the prevention of stroke in patients with AF, it has
some limitations, particularly a narrow therapeutic window, variable/unpredict-
able pharmacokinetic/pharmacodynamic properties, the restriction of vitamin K
intake, and the need for regular coagulation monitoring. Therefore, warfarin is
underused for stroke prevention in patients with AF. Several anticoagulants that in-
hibit thrombin or factor Xa have been developed. Dabigatran is a direct thrombin
(factor ITa) inhibitor that overcomes many of the limitations associated with warfa-
rin. The recent Randomized Evaluation of Long Term Anticoagulant Therapy study
showed the noninferiority of 110 mg and 150 mg dabigatran twice daily, and the
superiority of 150 mg dabigatran twice daily versus adjusted-dose warfarin in the
prevention of stroke or systemic embolism in patients with nonvalvular AF. In
addition, the rate of intracranial hemorrhage was much lower with both doses of
dabigatran than with warfarin. Dabigatran was recently approved in Japan for
theé prevention of ischemic stroke and systemic embolism in patients with non-
valvular AF. Therefore, in this review, we discuss the properties of dabigatran
and its clinical efficacy, safety, and positioning in the prevention of stroke. We
also discuss precautions for the use of dabigatran and future perspectives with
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