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In addition, nicardipine was the major first choice of
intravenous antihypertensive drug (57%) and the second
choice (27%) in the survey. However, 26% ofthe
respondents thought that nicardipine was inappropriate
mainly due to contraindications included on the official
Japanese label for this drug. According to the official
label, nicardipine was contraindicated for ICH patients
with a suspicion of ongoing intracranial bleeding, since
the drug may enhance bleeding, and it was also contrain-
dicated for acute stroke patients with elevated intracra-
nial pressure, since the drug may accelerate intracranial
pressure elevation.

SAMURAI-ICH study: a multicenter
study of hyperacute
antihypertensive therapy

The next step was to elucidate the safety and feasibility
of SBP lowering to 160 mmHg or less in acute ICH
using nicardipine, the standard strategy in most Japanese
hospitals according to the Web survey. A prospective,
multicenter study was conducted in Japan from July
2009 through July 2011 by the Stroke Acute Manage-
ment with Urgent Risk-factor Assessment and Improve-
ment (SAMURALI) study investigators; this multicenter
group was funded by the Ministry of Health, Labour and
‘Welfare (MHLW), Japan, and dealt with themes related
to acute stroke management.

Most protocols for-patient selection and nicardipine
injection were similar to those of ATACH or ATACH II
[4,6]. Patients with supratentorial ICH within 3 h of
onset, admission SBP >180 mmHg, Glasgow Coma
Scale (GCS) score >5, and hematoma volume <60 ml
were initially treated with intravenous nicardipine to
maintain SBP between 120 and 160 mmHg with 24-h
frequent BP monitoring. The primary endpoints were
neurological deterioration within 72 h (GCS decrement
>2 points or NIHSS increment >4 points) and serious
adverse effects resulting in stopping intravenous nicardi-
pine within 24 h. The secondary endpoints included
hematoma expansion >33% at 24 h and an mRS score of
4 or more and death at 3 months. The endpoints were
compared with predicted proportions based on the
weighted average of previous studies.

A total of 211 patients were enrolled. The main results
and a substudy on conjugate eye deviation in the cohort
were described in our previous articles [ 7,8]. Briefly, all
the endpoints were close to or below the estimated level.
Thus, SBP lowering to <160 mmHg using nicardipine
appeared to be safe and feasible for Japanese ICH

patients. The interim and final results of the study were
presented at domestic and international conferences in
2011, including the 20th European Stroke Conference,
where the necessity for the reassessment of the official
label for nicardipine was stressed.

Revision of the official label for
intravenous nicardipine

As far as we could determine, the contraindication of the
use -of nicardipine for patients with ongoing intracranial
bleeding or high-intracranial pressure was suggested
only by a few experimental or clinical studies reported a
couple decades ago. The detailed situations related to the
label were described in our previous article [  5]. The
nationwide survey clarified the prevalence of nicardi-
pine administration to acute ICH patients without
reports of any significant adverse events despite the con-
traindications. Based on the results of the survey and
other considerations, a formal request for reassessment
of the official label for nicardipine was submitted to the
MHLW by the Japan Stroke Society, the Japan Neuro-
surgical Society, and the Japanese Society of Hyperten-
sion in October 2008. After several discussions, the
MHLW finally ordered the pharmaceutical manufactur-
ers of nicardipine to revise the label in June 2011, delet-
ing the ICH-related contraindications.

‘Advance creatioh of the research

network for ATACH Il'in Japan

After the above-mentioned steps, we formed a Japanese
study group for ATACH II, which consists of 17 Japa-
nese stroke institutes, involving the SAMURALI study
investigators (Table 1). We recently introduced this net-
work elsewhere in the Japanese language [ 2]. Briefly,
we ensured independent relationships among clinical
sites, data coordination, and financial management by
managing the three parts independently by the Depart-
ments of Cerebrovascular Medicine (Toyoda) and
Advanced Medical Technology Development (Yama-
moto), the National Cerebral and Cardiovascular Center,
and the Japan Cardiovascular Research Foundation
(Yamaguchi), respectively. We registered the trial
design in the University Hospital Medical Information
Network Clinical Trials Registry (UMIN-CTR) in Japan
as trial number 000006526.

A problem for the smooth start of this trial is the lack of
experienced and well-funded support systems and _
human resources for investigator-initiated clinical trials
in Japan [ 9], although they are gradually forming in
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Table 1.

List of Japanese institutions participating in the ATACH-II trial.

Institution Department

Location Responsible investigator

Clinical sites

National Cerebral and Cardiovascular Center Cerebrovascular Medicine

Suita, Osaka Kazunori Toyoda (Clinical PI)

Neurology Kazuyuki Nagatsuka
Nakamura Memorial Hospital Neurosurgery and Stroke Center Sapporo, Hokkaido Jyoji Nakagawara
Kohnan Hospital Stroke Neurology Sendai, Miyagi Eisuke Furui
Kyorin University Hospital Neurosurgery and Stroke Center Mitaka, Tokyo Yoshiaki Shiokawa
St. Marianna University Hospital Neurology Kawasaki, Kanagawa  Yasuhiro Hasegawa
NHO Nagoya Medical Center Neurology Nagoya, Aichi Satoshi Okuda
Kobe City Medical Center General Hospital ~ Stroke Center Kobe, Hyogo Nobuyuki Sakai
Kawasaki Medical School Hospital Stroke Medicine Kurashiki, Okayama Kazumi Kimura
NHO Kyushu Medical Center Cerebrovascular Medicine Fukuoka, Fukuoka Yasushi Okada
Gifu University Hospital Neurosurgery Gifu, Gifu Shin-Ichi Yoshimura
Tokyo Saiseikai Central Hospital Neurology Minato-ku, Tokyo Haruhiko Hoshino
Toranomon Hospital Neurology Minato-ku, Tokyo Yoshikazu Uesaka
NHO Kagoshima Medical Center Neurology Kagoshima, Kagoshima Takahiro Nakashima
Keio University Hospital Neurology Shinjuku-ku, Tokyo Yoshiaki Itoh
St. Marianna University Toyoko Hospital Strokology Kawasaki, Kanagawa  Toshihiro Ueda
Saiseikai Kumamoto Hospital Neurosurgery Kumamoto, Kumamoto Tohru Nishi
Saiseikai Yokohamashi Tobu Hospital Neurology Yokohama, Kanagawa Jun Gotoh
Data Coordination Unit (DCU)
National Cerebral and Cardiovascular Center Advanced Medical Technology Development Suita, Osaka Haruko Yamamoto (DCU PT)

Management of subcontract

Japan Cardiovascular Research Foundation
Supervisory adviser

National Cerebral and Cardiovascular Center

Suita, Osaka Takenori Yamaguchi

Suita, Osaka Kazuo Minematsu

NHO National Hospital Organization

other medical fields such as oncology [  10]. Govern-
ment-funded clinical trial support systems like those in
the United States are necessary to enable us to plan and
conduct clinical trials effectively and reliably, cooperat-
ing with other clinical research professionals including
biostatisticians. This time, two projects are available for
maintaining the trial infrastructure: a study funded by an
Intramural Research Fund of the National Cerebral and
Cardiovascular Center and another funded by a Health
and Labor Sciences Research Grant of the MHLW.
There is a substantial need to encourage Japanese stroke
researchers to join in the international, investigator-initi-
ated, multicenter trials to obtain universal clinical evi-
dence that is also common to Japanese. We are learning
much about how to support several stroke institutes in
Japan academically and financially through the experi-
ence of preparing for ATACH 1L

The ATACH-II trial could be the seminal research
project for stroke researchers in Japan to demonstrate
themselves as effective contributors to investigator-initi-
ated, international clinical trials. The first Japanese
patient was enrolled in ATACH-II on March 1, 2012.
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ATACH, Antihypertensive Treatment for Acute Cere-
bral Hemorrhage; BP, Blood pressure; GCS, Glasgow
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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 intracerebral 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—Forty-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 1 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% CI, 2.27-16.94). The optimal cutoff volume of hematoma related to CED was 213.5 mL for patients with putaminal
hemorrhage (sensitivity, 76%; spec1ﬁc1ty, 72%) and =7.7 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
intracerebral 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

with an acute cerebral lesion is known as a “Prévost
sign” or “Vulpian sign.”!3 The underlying mechanism respon-
sible for the development of CED in supratentorial stroke is
thought to be damage to the frontal eye field or subcortical
pathways."**

A recent single-center study on acute anterior circulation
ischemic stroke showed that CED was an indicator of extended
ischemic insult in both the basal ganglia and cortical regions
that are also related to spatial attention or gaze.S Intracerebral
hemorrhage (ICH) can also evoke CED.™ However, the

relationships between CED and clinical factors or poststroke
outcome in acute ICH have not been fully evaluated. Thus,
this issue was investigated using data from a multicenter study
on acute supratentorial hemorrhage. The first aim of the pres-
ent study was to elucidate factors that correlate with CED in
acute ICH. The second aim was to elucidate the relationship
between CED and outcomes after ICH. ‘

Methods

The patient samples for this study were derived from the Stroke
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)  (n=112) (n=75) (n=12)  PValue*
Any GED 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; total 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-
lar 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
NIHSS “#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 to the location of hematoma were tested by 2 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 logistic 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 dépendency 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,'*V’ 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 NIHSS 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 (IQR), min 55 (40-76) 50 (4l1—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) 15.6(9.01030.0) 7.0(3.410121) <0.001
Intraventricular extension of the 39 (18) 22 (23) 17 (15) 0.130
hematoma (%) ’
Baseline GCS score, median (IQR) 14 (13-15) 13 (11-15) 15 (14-15) <0.001
Baseline NIHSS score, median (IOR) 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 >8.1 mL, the

optimal cutoff GCS score was =14, and the optimal cutoff
NIHSS score was =12 (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

utoff :
Volﬁmg, 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 77 82 83 80 85 0.855
Glasgow Coma Scale
Overall
Any CED 14 75 66 65 76 0.742
Forced CED 13 67 71 25 94 0719
Persistent CED 13 57 74 42 : 84 0.680
Putamen: any CED 14 74 69 69 74 0.738
Thalamus: any CED 13 59 8 87 73 0.811
NIHSS ‘
. Overall
Any CED 12 83 71 71 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 S 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% CI, 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% CI, 2.27-16.94).

Patients With Putaminal Hemorrhage
One hundred twelve patients (69 men, 62x13 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 60x13
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 >13.5 mL, the optimal cutoff GCS score
was 214, and the optimal cutoff NIHSS score was >12 (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, 6910 years old) had thalamic
hemorrhages (median volume, 6.8 mL). These patients were
older than those with putaminal hemorrhages (P<0.001). Atthe
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 Conjugate Eye Deviation and Death or Dependency at 3 Mo

. Multivariable-Adjusted: Multivariable-Adjusted: Multivariable-Adjusted:
Crude Modet 1 Model 2 Model 3
OR 95% Cl PValue OR 95% Cl Pvalue OR 95% Cl Pvalue OR 95% C! 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 0018 156 0.75-3.24 0.235
Forced CED 252  1.03-7.13 0.044 253 0.98-7.40 0.054 196 072-598 0194 094 030-3.14 0.921
Persistent CED 745 3.23-2032 <0001 838 3.46-23.82 <0.001 741 301-21.28 <0.001 577 227-16.94 <0.001
Putamen (112 patients):  3.27  1.53-7.23 0.002 273 1.22-6.25 0.015 1.89 0]7—4.63‘ 0.165 1.00 0.35-2.78 0.993
any GED
Thalamus (75 patients):  5.87  1.89-22.48 0.002 7.91 2.14-38.69 0.001 349 0.72-21.01 0123 149 0.23-11.13 0.680
any CED

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 GGS 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% CI, 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 27.7 mL, the optimal cutoff GCS score was 213, and the
optimal cutoff NTHSS score was =11 (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 putdminal hemorrhages.

CED occurs more frequently 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. 1922 An 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
unilateral neglect®* is a major possible reason for this
difference.

Baseline GCS score, hematoma volume, and intraventricu-
lar extension are established predictors for poor outcome after
supratentorial hemorrhage on multivariable analyses.'*'7 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 mm3?’? smaller
than the present cutoff volume of thalamic hematoma causing
CED (=7.7 mL). Thus, a thalamic hematoma >7.7 mL would
impair the anterior and posterior limbs of the internal capsule
surrounding the thalamus; these are critical structures respon-
sible for CED.1*32 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 1) 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
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all patients. Most patients had ipsilateral CED to the hema-
toma, but some patients, especially those with thalamic hem-
orrhage, might have contralateral CED.?®3C 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.
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