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Consciousness Level and Off-Hour Admission Affect Discharge
Outcome of Acute Stroke Patients: A JFASPECT Study

Satoru Kamitani, MD; Kunihiro Nishimura, MD, PhD; Fumiaki Nakamura, MD, PhD; Akiko Kada, MPH; Jyoji Nakagawara, MD, PhD;
Kazunori Toyoda, MD, PhD; Kuniaki Ogasawara, MD, PhD; Junichi Ono, MD, PhD; Yoshiaki Shiokawa, MD, PhD; Toru Aruga, MD, PhD;
Shigeru Miyachi, MD, PhD; lzumi Nagata, MD, PhD; Shinya Matsuda, MD, PhD; Yoshihiro Miyamoto, MD, PhD; Michiaki lwata, PhD;
Akifumi Suzuki, MD, PhD; Koichi B. Ishikawa, PhD; Hiroharu Kataoka, MD, PhD; Kenichi Morita, MD, PhD; Yasuki Kobayashi, MD, PhD;
Koji lihara, MD, PhD

Background-—Poor outcomes have been reported for stroke patients admitted outside of regular working hours. However, few
studies have adjusted for case severity. In this nationwide assessment, we examined relationships between hospital admission
time and disabilities at discharge while considering case severity.

Mathods and Resuits—We analyzed 35 685 acute stroke patients admitted to 262 hospitals between April 2010 and May 2011
for ischemic stroke (IS), intracerebral hemorrhage (ICH), or subarachnoid hemorrhage (SAH). The proportion of disabilities/death at
discharge as measured by the modified Rankin Scale (mRS) was quantified. We constructed 2 hierarchical logistic regression
models to estimate the effect of admission time, one adjusted for age, sex, comorbidities, and number of beds; and the second
adjusted for the effect of consciousness levels and the above variables at admission. The percentage of severe disabilities/death
at discharge increased for patients admitted outside of regular hours (22.8%, 27.2%, and 28.2% for working-hour, off-hour, and
nighttime; P<0.001). These tendencies were significant in the bivariate and multivariable models without adjusting for
consciousness level. However, the effects of off-hour or nighttime admissions were negated when adjusted for consciousness
levels at admission (adjusted OR, 1.00 and 0.99; 95% ClI, 1.00 to 1.13 and 0.89 to 1.10; P=0.067 and 0.851 for off-hour and
nighttime, respectively, versus working-hour). The same trend was observed when each stroke subtype was stratified.

Conclusions—The well-known off-hour effect might be attributed to the severely ill patient population. Thus, sustained stroke care
that is sufficient to treat severely ill patients during off-hours is important. (J Am Heart Assoc. 2014;3:001059 doi: 10.1161/
JAHA.114.001059)

Key Words: hemorrhagic stroke = ischemic stroke ° mortality = stroke ¢ weekend effect

uneven staffing pattern for urgent procedures, and insuffi-

troke is a major cause of death in Japan, and residual

disability after stroke is a heavy societal burden." Death
risk tendencies are high for patients hospitalized with
serious medical conditions (including stroke) during off
hours, especially on weekends.”” Reduced quality of care

cient management of operative procedures, are among the
possible reasons for this tendency.?®%? Acute stroke
severity is an important prognostic factor,’® and stroke
symptom severity is associated with healthcare-seeking

11-13

during off hours because of insufficient physician volume, behavior. However, only 5 previous studies have
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adjusted for case severity, and these reports included
relatively small numbers of hospitals (2 to 28).'%'®
Furthermore, the results of these studies were inconsistent;
2 reported positive relationships between admission hours
and outcomes ' '® and 3 reported negative relationships.'¢"'8
We examined the relationship between admission time and
disabilities /deaths at discharge by adjusting for case
severity using data from a nationwide cohort of Japanese
hospitals.

Materials and Meathods

Database

This study included a nationwide retrospective cohort of
stroke patients (J-ASPECT study).' Among 749 certified
training hospitals of the Japan Neurosurgical Society, the
Societas Neurologica Japonica, and/or the Japan Stroke
Society, 262 participated in this study. We collected Japanese
Diagnosis Procedure Combination/Per Diem Payment System
(DPC/PDPS) data, which list the lump-sum system of medical
expenses evaluated based on diagnostic and procedural costs
beginning in 2002.%° Subject data were extracted from DPC/
PDPS data at each hospital using specially developed
computer software.

inclusion and Exclusion Criteria

We included consecutive patients admitted to 262 hospitals
between April 1, 2010 and May 31, 2011 for acute
ischemic stroke (IS), non-traumatic intracerebral hemor-
rhage (ICH), or subarachnoid hemorrhage (SAH) according
to the International Classification of Disease 10th revision
(ICD-10 codes, 160.0 to 160.9, 161.0 to 161.9, 162.0, 162.1,
162.9, and 163.0 to 163.9). Because of major differences in
their typical prognoses, we excluded patients with transient
ischemic attack (TIA) (G45). We also excluded patients who
experienced in-hospital stroke during treatment for other
diseases.

Variables

The outcome measure was the proportion of severe disabil-
ity/death (score 5 to 6 on the modified Rankin Scale [mRS])
at discharge.?' We classified admission into (1) working-hour
(professed work hours [usually 8 h] in each hospital from
Monday to Friday, except for national holidays), (2) off-hour
(hours not included in working-hour or nighttime classifica-
tions), or (3) nighttime (22:00 to 6:00 on any day) by using
calendar time and additional medical billings in case of
admission outside of working hours (Figure 1). We could not
count the total hours of each admission-hour category.

Working-hour*

Saturdays, Sundays, Nationaf holidays and

Monday to Friday the Year-end and New year holidays'

Figure 1. Classification of hospital admission time. *Working-
hour was defined as working-hours professed by each hospital on
consultation day {from Monday to Friday except for national
holiday). The YEAR-end and New Year holidays are from 29th
December to 3rd January.

Proportions of total numbers of hours were hypothesized to
be 22.2%, 44.5%, and 33.3% for working-hours, off-hours, and
nighttime categories, respectively.

To account for the classical confounding factors for
stroke and the capability of stroke care provided by
hospitals, we adjusted for the following factors to estimate
the effect of admission time: age (categorized as <35 years,

Table 1. Japan Coma Scale for Grading Impaired
Consciousness*

The patient is awake without any stimuli, and is:

1 Almost fully conscious
2 Unable to recognize time, place, and person
3 Unable to recall name or date of birth

2-digit code | The patient can be aroused (then reveris to previous
state after cessation of stimulation):

10 By easily by being spoken to (or is responsive with
purposeful movements, phrases, or words)’

20 With a loud voice or shaking of shoulders (or is almost
always responsive to very simple words like yes or no
or to movements)

30 Only by repeated mechanical stimuli

3-digit code | The patient cannot be aroused with any forceful
mechanical stimuli, and:

100 Responds with movements to avoid the stimulus

200 Responds with slight movements, including decerebrate
and decorticate posture

300 Does not respond at all except for changes in respiratory
rhythm

*”R” and “|” are added to the grade to indicate restlessness and incontinence of urine
and feces, respectively: for example; 100-R and 30-RI.
fCriteria in parentheses are used in patients who cannot open their eyes for any reason.
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All acute stroke patients admitted to 262 hospitals
during Aprit 1, 2010 to May 31, 2011 (N= 53, 170)

Missing values on the mRS at
discharge (n = 1,451)

(n=51719)

Missing values on the additional %
medical billings in case of out of i
warking-hour hospital admission

{n=16,015)
{n=35,704)
Duplication on the additional medical
billings {n = 2)
{n=35702)

Misclassifications on the additional
medical billings (n = 17)

Included in the study
{n = 35,685)

Figure 2. Flow chart for inclusion criteria.

every 5 years from 35 to 100 years, and >100 years), sex,
comorbidities (hypertension, diabetes mellitus, and hyperlip-
idemia), and number of hospital beds (<100, 100 to 299,
300 to 499, and >500). Comorbidities were assessed from
recorded disease name and prescription history in patient
medical records.

To adjust effects of baseline consciousness level at
admission, we used the Japan Coma Scale (JCS).?>"%® The
JCS - originally published in 1974 for the assessment of
impaired consciousness of head trauma and stroke
patients?? and published in the same year as the Glasgow
Coma Scale?® — remains one of the most popular scales
used among health care professionals and personnel for
emergency medical services in Japan.?® Briefly, a normal
level of consciousness is graded as 0. Other levels are
graded with 1-, 2-, or 3-digit codes depending on status as
shown in Table 1. We treated JCS as a categorical variable
and classified patients as grade 0, 1 to 3, 10 to 30, or 100
to 300 for analysis. A 3-digit JCS score is roughly equivalent
to a GCS score of <7 (<E1VIMb5).

Table 2. Demographics and Clinical Characteristics of Patients Included and Excluded in the Analyses

Number, % n=17 485 (32.9) n=35 685 (67.1)
Male, % 58.1 53.8 <0.001
Age mean (SD) 74.0 (12.0) 71.7 (13.6) <0.001
Stroke subtype, n (%)
1S 68.1 58.2 <0.001
SAH 5.9 10.9 <0.001
ICH 26.2 311 <0.001
Comorbidity, % ‘
Hypertension 727 76.2 <0.001
Diabetes mellitus 289 243 <0.001
Hyperlipidemia 29.3 217 <0.001
Current/past smoking history (n=44 842) (%) 26.7 29.3 <0.001
Japan Coma Scale, %
0 42.0 345 <0.001
1-digit code 34.8 37.2
2-digit code 11.6 13.8
3-digit code 11.6 14.6
Emergency admission by ambulance (%) 51.4 64.5 <0.001
mRS at discharge (=51 719) (%)
mRS=6 11.4 12.2 0.014
mRS=5/6 241 25.4 0.001
mRS=4 to 6 41.3 44.0 <0.001

ICH indicates intracerebral hemorrhage; IS, ischemic stroke; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage.

DOI: 10.1161/JAHA.114.001059

Journal of the American Heart Association 3

Downloaded from hitp://jaha.ahajournals.org/ at KYUSHU UNIVERSITY on February 3, 2015

— 436 —

HOUVISEY TVNIDIYCO



Yariahles That Affect Oulcomes at Discharge

Ramitani et al

Table 3. Patient Demographics and Clinical Characteristics by Inclusion in the Analyses for Each Stroke Subtype

Number, % 11 913 (36.5) | 20 758 (63.5) 1035 (21.0) ; 3899 (79.0) 4588 (29.2) i 11 111 (70.8)
Male, % 59.8 56.3 <0.001 | 29.1 329 0.019 60.4 56.3 <0.001
Age mean (SD) 75.1 (11.4) 74.1 (12.5) <0.001 { 67.9 (14.1) | 63.8 (14.8) | <0.001 | 72.5 (12.6) : 70.0 (13.8) <0.001
Comorbidity, %
Hypertension 69.8 68.5 0.013 824 86.6 0.001 78.3 87.2 <0.001
Diabetes mellitus 31.3 27 <0.001 i 2586 23.3 0.124 23.6 19.8 <0.001
Hyperlipidemia 342 33.9 0.511 26.5 29.2 0.086 17.2 15.7 0.015
Current/past smoking 276 301 <0.001 | 225 28.2 0.001 25.1 28.2 <0.001
history (n=44 842) (%)
Japan Coma Scale, %
0 48.8 4.4 <0.001 | 23.4 20.1 <0.001 i 28.6 20.8 <0.001
1-digit code 357 39.2 19.3 235 36.2 385
2-digit code 9.9 107 147 18 15.2 18.1
3-digit code 57 5.7 426 385 20 227
Emergency admission 46.3 57 <0.001 | 73.8 78.6 0.001 59.7 735 <0.001
by ambulance (%)
mRS at discharge (n=51 719) (%)
mRS=6 7.8 7.2
mRS=5/6 19.1 195
mRS=4 to 6

ICH indicates intracerebral hemorrhage; IS, ischemic stroke; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage.

*Off-hour and nighttime were compared with working-hours.

Statistical Analysis

We performed descriptive analyses for demographic and
clinical characteristics for each group using the working-hour
group as the control. Chi-square tests and ¢ tests were used
to compare categorical and continuous variables, respec-
tively. For outcome analysis, we first compared crude
outcome proportions among admission times in the total
population, and then analyzed for each stroke subtype (IS,
ICH, and SAH). For multivariable analysis, we used unique
hospital ID in random-intercept hierarchical regression mod-
els to assess the relationships between hospital admission
times and outcomes, while adjusting for patient characteris-
tics and the hospitals at which patients received stroke care.
This modeling adjusts for hospital-level cluster effects on
outcome, which arise from various factors such as geograph-
ical location and ageing of the local population. We con-
structed 2 models to assess the impact of case severity.
Model 1 included age, sex, hypertension, diabetes mellitus,
hyperlipidemia, and number of beds. Baseline consciousness
level was included in model 2 in addition to the variables in
model 1. Moreover, to examine whether outcomes were

consistent across admission times for patients with the same
level of consciousness at admission, we performed subgroup
analysis by JCS. To test the sex-specific differences, we
performed sex-stratified analysis after the main analysis.
Furthermore, to test whether results differ when age is
treated as a continuous variable, we performed additional
analyses. For sensitivity analyses, we substituted outcomes to
death (mRS=6) (sensitivity analysis 1) and moderately severe
disability to death (mRS=4 to 6) (sensitivity analysis 2). To
confirm the robustness of our results, we also estimated the
off-hours effects at admission using the modified Rankin
Scale. Unlike JCS, mRS uses 5 categories to assess severity.
All statistical analyses were performed using STATA version
12 (StataCorp LP). All tests were 2-tailed, and P<0.025 was
considered statistically significant in consideration of multiple
comparisons.

Ethical Approval

The Institutional Review Board of the National Cerebral and
Cardiovascular Center and the University of Tokyo approved
this research.
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Table 4. Patient Demographic and Clinical Characteristics by Admission Time

s ozt

*Off-hour and nighttime were compared with working-hours.

Results

Demographic and Clinical Characteristics

Out of 53 170 patients, we analyzed 35 685 patients. The
inclusion criteria are shown in Figure 2. Demographics and
clinical characteristics of excluded and included subjects for
each stroke subtype are shown in Tables 2 and 3. IS, SAH,
and ICH patients accounted for 58.2% (n=20 758), 10.9%
(n=3899), and 31.1% (n=11 111), respectively. Overall, 42.3%
(n=15 084), 47.4% (n=16 908), and 10.4% (n=3693) of
patients were admitted during working hours, off hours, and
nighttime, respectively. Patient demographics and clinical
characteristics categorized according to admission time are
shown in Table 4. Patients admitted during off hours and
nighttime had lower baseline consciousness levels, and the
percentage of these patients transferred to hospitals by
ambulance was higher than that of patients admitted by
ambulance during working hours. Patient demographics and
clinical characteristics for each stroke subtype are shown in
Table 5. The trends for age, baseline consciousness levels,
and ambulance use by admission time were the same for each
stroke subtype as observed for the total population.

Table 6 shows differences in primary outcomes among the
3 admission times for each stroke subtype. In the total
population, increasing proportions of severe disability/death
(mRS=5 to 6) at discharge were observed (22.8%, 27.2% and
28.2% for working-hour, off-hour, and nighttime, respectively).
This remained the case when results were stratified by stroke
subtype, although nighttime IS and off-hour and nighttime

Number, % 15 084 (42.3) 16 908 (47.4) 3693 (10.4)
Male, % 54.7 52.8 0.001 54.6 0.957
Age mean (SD) 72.4 (13.3) 71.8 (13.5) <0.001 68.3 (14.3) <0.001
Comorbidity, %

Hypertension 74.8 77.2 <0.001 77.8 <0.001

Diabetes mellitus 249 23.8 0.015 242 0.329

Hyperlipidemia 29.5 26.5 <0.001 26.1 <0.001
Current/past smoking history (n=30 179) (%) 30 28.3 0.001 313 0.191
Japan Coma Scale, %

0 38.4 32.1 <0.001 29.2 <0.001

1-digit code 37.7 376 339

2-digit code 12.4 146 15.7

3-digit code 11.6 15.8 21.3

dmission by ambulance 69.9 <0.001 81.4

SAH patients did not have statistically significant higher
disabilities/death at discharge compared with patients
admitted during working hours.

Figure 3 shows adjusted odds ratios (ORs) and 95%
confidence intervals (Cls) for severe disability/death at
discharge depending on stroke subtype and admission time.
In model 1, which was adjusted for age, sex, comorbidities,
and number of beds, off-hour and nighttime admitted patients
had higher risks of severe disability/death than working-hour
admitted patients irrespective of stroke subtype (adjusted OR,
1.23; 95% Cl, 1.17 to 1.30 for off-hour and adjusted OR, 1.45;
95% Cl, 1.33 to 1.58 for nighttime). When we further adjusted
for consciousness level at admission (model 2), the effects of
admission time were no longer significant (adjusted OR, 1.06;
95% Cl, 1.00 to 1.13; P=0.067 for off-hour and adjusted OR,
0.99; 95% Cl, 0.89 to 1.10; P=0.851 for nighttime compared
with working-hour). The same trends were observed when we
stratified by stroke subtype: off-hour and nighttime admission
times were associated with significantly higher risks of severe
disability/death at discharge in each stroke subtype except
for off-hour SAH (adjusted OR, 1.12; 95% Cl, 0.95 to 1.32,
P=0.168) in model 1, and these effects were no longer
significant in model 2 (Figure 3). Table 7 shows the effects of
consciousness level at admission using Model 2.

In the subgroup analysis by using JCS at admission,
proportions of severe disabilities/death were larger during off
hours/nighttime than during working hours among IS and ICH
patients with a JCS of 0. Proportions of primary outcome were
larger during working hours than off hours/nighttime among
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Table 8. Patient Demographic and Clinical Characteristics by Admission Time for Each Stroke Subtype

Number, %

Male, %
Age mean (SD)

Comorbidity, %
Hypertension

Diabetes mellitus

Hyperlipidemia

Smoking history
(n=30 179) (%)

JCS, %
0
1-digit code
2-digit code
3-digit code
Ambulance admission (%)

R

ICH indicates intracerebral hemorrhage; IS, ischemic stroke; JCS, Japan Coma Scale; SAH, subarachnoid hemorrhage.
*Off-hour (0) and Nighttime (N) were separately compared with Working-hour (W).
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Tabie 6. Crude Primary Outcome Comparisons Between Each Admission Time by Stroke Subtype

ICH indicates intracerebral hemorrhage; 1S, ischemic stroke; SAH, subarachnoid hemorrhage.

IS and ICH patients who had a 3-digit JCS score (Table 8).
Table 9 shows the results of subgroup analysis adjusted for
age, sex, comorbidities, and number of hospital beds. Effects
of nighttime admission were significantly higher (adjusted OR,
1.59; 95% Cl, 1.11 t0 2.29; IS and adjusted OR, 2.87; 95% Cl,
1.66 to 4.98; for ICH) in patients with a JCS score of 0 and

Total population Working-hour 3434 (22.8) —
Off-hour 16 908 4597 (27.2) 1.24 (118 t0 1.31) <0.001
Nighttime 3693 1042 (28.2) 1.30 (1.19 1o 1.41) <0.001
IS Working-hour 9275 1659 (17.9) — —
Off-hour 9630 2039 (21.2) 1.21 (1.13 to 1.31) <0.001
Nighttime 1853 355 (19.2) 1.06 (0.93 o 1.21) 0.361
SAH Working-hour 1407 499 (35.5) — —
Off-hour 1886 733 (38.9) 1.14 (0.99 0 1.32) 0.077
Nighttime 606 240 (39.6) 1.18 (0.97 t0 1.44) 0.105
ICH Working-hour 4436 1293 (29.2) e e
Off-hour 5434 1842 (33.9) 1.24 (1.13 to 1.35) <0.001
Nighttime 1241 449 (36.2) 1.38 (1.20 0 1.58)

significantly lower (adjusted OR, 0.50; 95% Cl, 0.31 to 0.81;
for IS and adjusted OR, 0.67; 95% Cl, 0.49 to 0.90; for ICH) in
patients with a 3-digit JCS score. Furthermore, no sex-based
differences were present in these trends. Results obtained
with age as a continuous variable were comparable with those
obtained when it was treated as a categorical variable.

Total population |

Working-hour PV
Off-hour +@- <0.001
Nighttime +—&—t <0.001
Ischemic Stroke
Working-hour \%
Off-hour +o— <0.001
2 Nightt —e—i 0.005
=
=
2 Subarachnoid Hemorrhage
E Working-hour v
=
=
£ Of-hour H—e—rt 0.168
8
= Nighti - e t 0021
Intracranial Hemorrhage
Working-hour \
Off-hour —e—i <0.001
g 1 © — <0.001
T T T

T T
112 14 16 18
model 1*

Working-hour
Off-hour

Nighttime

Working-hour
Off-hour

Nighttime

Working-hour

Off-hour

Nighttime

Working-hour
Off-hour

Nighttime

Total population l

Ischemic Stroke |

&t
L4

Subarachnoid Hemorrhage !

o

i
U

@ t

=)

tracranial Hemorrhage |

4+

=)

[o Adjusted Odds Ratio - +———— 95% Confidence Interval ;

Figure 3. Effects of admission time on primary outcomes (modified Rankin Scale [mRS]=5 to 6) among
acute stroke patients with 2 different models. *Model 1 adjusted for age, sex, hypertension, diabetes
mellitus, hyperlipidemia, and number of beds. Model 2 further adjusted for Japan Coma Scale.
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Table 7. Effects of Consciousness Level at Admission on Primary Outcomes {mRS

Nighttime

ICH indicates intracerebral hemorrhage; 1S, ischemic stroke; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage.

Two sensitivity analyses that used different outcomes
showed almost the same trend observed in the original
analysis, except for ICH patients in sensitivity analysis 2
(Figure 4). Here, the effect of admission time was observed in
ICH patients even when adjusted for consciousness level at
admission (adjusted OR, 1.17; 95% Cl 1.06 to 1.30; P=0.003
for off-hour compared to working-hour). Additional sensitivity
analyses performed using mRS at admission as a confounder
instead of JCS revealed a trend similar to that observed in the
original analysis (Figure 5). Here, the effects of admission
time were no longer significant even when stratified to each
stroke subtype.

Discussion

Using nationwide population data on acute stroke patients, we
found that outcome varied with admission time. Patients
admitted outside of regular working hours were about 1.2 times
more likely to have a poor outcome than those admitted during
working hours. The effect of admission time remained signif-
icant for almost all stroke subtypes without adjusting for
consciousness level at admission, which is similar to what has
been reported previously. However, once we adjusted for
consciousness level, the effects of admission time were
dramatically attenuated; comatose patients were approxi-
mately 70 times more likely to suffer severe disabilities or
death than lucid patients. Therefore, the different outcomes
observed depending upon admission times were because of
differences in stroke severity.

This study has several strengths. First, we included a large
number of subjects from hospitals certified for training by the
Japan Neurosurgical Society, the Societas Neurologica Japon-
ica, and/or the Japan Stroke Society. Therefore, our results
accurately reflect current practice in acute stroke care and
are not influenced by changes in therapeutic strategy. The
second strength is that we highlighted risks associated with
nighttime admission. During the nighttime shift, hospital
functions are reduced, and we observed a higher percentage
of poorer outcomes for nighttime admitted patients. This
finding is in accordance with a Dutch study that did not adjust
for case severity, but did describe risk among IS patients
admitted during the night.?” Third, we adjusted for case
severity at admission by using consciousness level. Case
severity is a major confounding factor because it is one of the
most important prognosis factors and is related to healthcare-
seeking behaviors in stroke patients.'®'® However, only 5
previous studies adjusted for case severity and they reported
inconsistent results.’*"'® Among these, the Canadian study
was the only one including a large number of subjects and
reported a positive relationship between weekend hospital
admission and stroke mortality among 20 000 acute stroke
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Tabie 8. Crude Primary Outcome Comparisons Between Each Admission Time by Stroke Subtype and Japan Coma Scale

0 Working- | 5793 286 (4.9) 4388 193 (4.4) 345 37 (10.7) 1069 56 (5.2)
hours
Off-hour 5420 293 (5.4) 4051 203 (5.0) 337 29 (8.6) 1042 62 (6.0)
Nighttime | 1079 78 (7.2) 781 46 (5.9) 100 8 (8.0) 199 25 (12.6)
1-digit Working- | 5679 991 (17.5) 3546 664 (18.7) 344 57 (16.6) 1799 276 (15.3)
hours
Off-hour 6354 1243 (19.6) 3869 831 (21.5) 431 65 (15.1) 2075 355 (17.1)
Nighttime § 1250 202 (16.2) 713 120 (16.8) 142 25 (17.6) 398 57 (14.3)
2-digit Working- | 1867 774 (41.5) 894 451 (50.5) 250 55 (22.0) 727 271 (37.3)
hours
Off-hour 2469 1034 (41.9) 1108 576 (52.0) 340 74 (21.8) 1026 387 (37.7)
Nighttime : 579 195 (33.7) 217 94 (43.3) 110 29 (26.4) 253 73 (28.9)
3-digit Working- | 1745 1383 (79.3) 447 351 (78.5) 468 350 (74.8) 841 690 (82.1)
hours
Off-hour 2665 2027 (76.1) 602 429 (71.3) 778 565 (72.6) 1291 1038 (80.4)
Nighttime | 785 567 (72.2) 142 95 (66.9) 254 178 (70.1) 294 (75.2)

ICH indicates intracerebral hemorrhage; IS, ischemic stroke; SAH, subarachnoid hemorrhage.

Table 9. Effects of Admission Time on Primary Outcomes (mRS=5 to 6) Among Acute Stroke Patients by Japan Coma Scale

0 Working- | 1.00 (reference) e 1.00 (reference) — 1.00 (reference) — 1.00 (reference) e
hours

Off-hour : 1.45(1.33 t0 1.58) i <0.001 : 1.07 (0.87 t0 1.33) : 0.515 0.87 (0.48 to 1.56) : 0.633 1.29 (0.86 10 1.93) | 0.220
Nighttime | 1.45 (1.33 t0 1.58) | <0.001 | 1.59 (1.11 10 2.29) ; 0.011 0.83 (0.34 10 1.99) : 0.672 2.87 (1.66 t0 4.98) | <0.001

1- Working- ¢ 1.00 (reference) e 1.00 (reference) — 1.00 (reference) — 1.00 (reference) —
digit hours

Off-hour { 1.20 (1.09 to 1.33) | <0.001 | 1.20 (1.07 t0 1.36) ; 0.003 1.00 (0.64 to 1.55) | 0.998 1.21 (1.00 to 1.45) | 0.044
Nighttime ; 1.06 (0.89 to 1.26) ; 0.536 0.98 (0.78 t0 1.23) | 0.856 1.28 (0.71 0 2.31) | 0.416 1.01 (0.73 1o 1.41) | 0.941

2- Working- | 1.00 (reference) e 1.00 (reference) —_ 1.00 (reference) — 1.00 (reference) —
digit hours

Off-hour : 1.08 (0.94 to 1.24) ; 0.295 1.03 (0.85 t0 1.25) { 0.770 0.93 (0.60 to 1.44) : 0.751 1.18 (0.93 to 1.48) ; 0.170
Nighttime | 0.91 (0.73 to 1.14) | 0.406 0.89 (0.63 to 1.25) | 0.498 1.56 (0.84 to 2.88) : 0.160 0.81 (0.57 to 1.16) | 0.250

3- Working- i 1.00 (reference) e 1.00 (reference) — 1.00 (reference) — 1.00 (reference) e
digit hours

Off-hour : 0.81 (0.69 to 0.95) ; 0.008 0.65 (0.48 t0 0.88) | 0.006 0.81 (0.60 to 1.10)
Nightti 0.50 (0.31 to 0.81 0.77 (0.51 to 1.15)

0.89 (0.70 t0 1.13) | 0.325
0.67 (0.49 t0 0.90,

ICH indicates intracerebral hemorrhage; IS, ischemic stroke; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage.
*Off-hour and nighttime were compared with working-hours.
Adjusted for age, sex, hypertension, diabetes mellitus, hypertipidemia, and hospital volume.

DOI: 10.1161/JAHA.114.001059 Journal of the American Heart Association 8

Downloaded from hitp://jaha.abajournals.org/ at KYUSHU UNIVERSITY on February 5, 2015

— 442 —

HOUVIESEYE TVNIDIMO



Variables That Affect Gutcomnes at Discharge

Kamitani et al

DEVASHAY TYNIDINO

H

A B
Total population Total population | Total population Total population |
Working-hour p Working-hour p Working-hour p Working-hour p
Off-hour o <0.001 Off-hour e 0.550 Off-hour ted 0.001 Off-hour 0.012
Nighttime <0.001 Nighttime o 0.165 Nighttime bt 0.001 Nighttime 0.066
) Ischemic Stroke i schemic Stroke X Ischemic Stroke ) Ischemic Stroke
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e e e NN e ~ - — - Rl
model * model 2* model 1* model 2*
| @ Adjusted Odds Ratio  ———— 95% Confidence Interval |

Figure 4. Sensitivity analyses for effects of admission time on modified Rankin Scale (mRS)=6 (A) and mRS=4 to 6 (B) among acute stroke
patients with 2 different models. *Model 1 adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, and number of beds. Model 2
further adjusted for Japan Coma Scale.

or TIA patients at 11 hospitals.'* The major differences of this
study and the Canadian study are the number of participating
hospitals and the definition of stroke subtypes. The Canadian
study did not perform subtype-specific analyses, whereas we

evaluated both total population and stroke subtype outcomes.
Therapeutic strategies and responses vary with stroke
subtypes. Therefore, we considered that stratified analysis
by subtype was more appropriate.

Total population l Total population |
Working-hours P Working-hour p
Off-hours1 -+ <0.001 Off-hour HO— 0.262
Off-hours2 t 4 <0.001 Nighttime +—e— 0457
Ischemic Stroke Ischemic Stroke
Working-hours Working-hour
Off-hours1 +o-+ <0.001 Off-hour te—i 0310
4 Off-hours2 b—e—t 0.005 Nighttime -+~ 0.187
o
X
H Subarachnoid Hemorrhage Subarachnoid Hemorrhage
F  Working-hours Working-hour
=
@
8
T Off-hourst t © t 0.168 Off-hour & t 0.458
k|
2" Off-hours2 t @ t 0.021 Nighttime t © t 0428
=
Intracranial Hemorrhage Intracranial Hemorrhage ]
Working-hours Working-hour
Off-hours1 +—e—t <0.001 Off-hour +re—t 0.418
Off-hours2 t © - <0.001 Nighttime & t 0.498
T T T T T T T T T T
8 1 12 14 16 18 8 1 12 14 16 18
Model 1 Model 2
| ® Adjusted Odds Ratioc  +———— 95% Confidence Interval |

Figure 8. Sensitivity analysis for effects of admission time on primary outcomes (modified Rankin Scale
[mRS]=5 to 6) among acute stroke patients with 2 different models using mRS at admission as a
confounder instead of JCS. *Model 1 adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia,
and hospital volume. Model 2 further adjusted for modified Rankin Scale at admission instead of Japan
Coma Scale.
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The reason why admission outside of working hours is
related to case severity remains unknown. A circadian rhythm
of stroke has been reported in large studies and may partially
explain this phenomenon. Stroke is more frequent in the
morning and evening,2®®! and a surge in blood pressure and
altered heart rate may be responsible for diurnal variation in
stroke incidence.®%*3 However, the exact effect of circadian
rhythm on stroke severity is unclear. Other factors such as
limited access, minor symptoms, and age are known to be
reasons that patients delay coming to the hospital.'®"?
Larger percentages of patients are admitted at off hours
because baseline consciousness levels decrease during
nighttime. Delayed perception of stroke symptoms or post-
ponement of hospital consultation until regular working hours
by patients with minor symptoms might have caused the
perceived diurnal variation in stroke admission, though we
could not confirm this from our data. Interestingly, in the
subgroup analysis by baseline consciousness level, effects of
admission time were reversed to a favorable outcome, as
baseline consciousness levels got poorer in IS and ICH
patients. These results may be inconsistent with the true
values as a result of over stratification. Compared with
patients with good consciousness level, patients with poor
consciousness level could have been transferred to skilled
hospitals by emergency medical services personnel and this
may have led to this reverse effect of admission time,
although we could not verify whether selective transfers
existed in our dataset. Thus, health service managers must
ensure that adequate stroke care is provided during off hours
to promptly identify and treat severe stroke cases. Moreover,
it is important to increase awareness among the general
population about the appropriate facilities at Jjapanese
hospitals for receiving stroke treatment in the acute phase.

In the sensitivity analyses, ICH patients admitted outside of
working hours did not show robust results, but the effects of
admission outside of working hours remained significant even
when adjusted for baseline consciousness level among ICH
patients. This is an important point because the numbers of
hemorrhagic patients who are admitted outside of working
hours are increasing. Although we could not measure any
metrics of acute stroke care, our results suggest that the
quality of acute stroke care provided by hospitals in Japan for
hemorrhagic patients during the day are inconsistent. The
results of a study published by the Get With The Guidelines-
Stroke Program may support these findings; appropriate care
and prevention were less frequently provided for ICH and SAH
patients than for IS patients.34 Systematic care processes
for ICH and SAH may be poor during off-hours because
of impaired healthcare systems, such as differential response
times by night-shift workers and the presence of less
skilled neurosurgeons, general physicians, residents, and
paramedics.

We could not detect outcome differences for SAH patients
probably because of the poor clinical prognosis associated
with this stroke subtype. However, further studies that
measure acute stroke care quality, such as prompt examina-
tion or available procedures during working hours and off
hours, are necessary to verify this hypothesis.

This study has some limitations. Because the Japanese
DPC/PDPS data were used, JCS scores were used to adjust for
severity instead of the National Institute of Health Stroke Scale
(NIHSS) or GCS.?>2® However, our findings did not change even
when data were adjusted by mRS at admission. Second, we
used information on the occurrence of additional billings from
the DPC/PDPS data to classify admission time; therefore, some
data on the occurrence of additional billings were missing. We
excluded subjects with missing values from analysis, and this
may have biased our results. However, we believe that this
exclusion does not alter our findings because severities of
consciousness levels at admission and outcomes at discharge
were not significantly different between subjects who were
excluded and those who were included. Third, as for the
classification of hospital admission time, we could not split the
times in a more detailed manner because of data restriction, ie,
daytime admissions during weekends and on national holidays
were considered to be off-hour admissions. However, if patients
admitted during this time exhibited less severe stroke symp-
toms or if hospitals during this time indeed provided better
stroke care than at other off-hour times among off-hour, it could
underestimate the effects of differences in severity on
relationships between admission time and outcome at dis-
charge. Fourth, although we collected nationwide data, we may
have underestimated the relationship between admission time
and outcomes because participating hospitals were certified
training hospitals, which are considered to offer similar qualities
of care. If hospitals that provide fewer resources and less
professional stroke care were included in the analysis, stronger
relationships may have been identified. Furthermore, we could
not follow-up on post-discharge outcomes and we were unable
to include multiple metrics representing acute stroke care
quality, such as promptness or execution of specific procedures
and protocols. Most studies have dealt with the inequality of
care between working hours and off hours, such as reduced
availability of highly skilled personnel and less access to urgent
procedures, as the main reason for outcome disparity.2®
Further studies that focus on acute stroke care metrics are
needed to better identify variability in care quality between
admission times.
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EDITORIAL

Maternal Death Due to Stroke Associated With
Pregnancy-Induced Hypertension
Koji Iihara, MD, PhD; Ataru Nishimura, MD

an increased risk of ischemic and hemorrhagic stroke

and stroke is the leading cause of pregnancy-related
disability. There are few long-term prospective studies of the
incidence of stroke in pregnancy. The data from multiple ret-
rospective studies about the incidence and mortality of stroke
in pregnancy are summarized in Table 1. Various studies
estimate the incidence of all types of stroke in pregnancy and
puerperium between 25 and 34 per 100,000 deliveries.}# By
comparison, the incidence of stroke in non-pregnant women
in the 15-45 years age group is 11 per 100,000 women.® A
population-based retrospective study conducted from 1988 to
1991 found no increase during pregnancy but a relative risk of
8.7 during the first 6 weeks postpartum.® Kuklina et al reported
their recent analysis of hospital discharge data from the
Nationwide Inpatient Sample of the Healthcare Cost and
Utilization Project, which is the largest nationwide all-payer
inpatient care database in the United States.* That report
demonstrated that between 1994-1995 and 2006-2007, the
rates of antenatal and postpartum hospitalizations for all types
of stroke increased by 47% and 83%, respectively.

P regnancy and the postpartum period are associated with

Article n1835

Risk factors associated with pregnancy-related stroke include

hypertension, diabetes, valvular heart disease, hypercoagula-
ble disorders, sickle cell disease, lupus, abuse of tobacco and
other substances, and migraines.¢ Several studies have dem-
onstrated that hypertensive disorders are the leading cause
of both hemorrhagic and ischemic strokes in pregnant and
postpartum women.*3%7 Preeclampsia/eclampsia and preg-
nancy-induced hypertension (PIH) are the 2 most important
hypertensive disorders of pregnancy. Preeclampsia is defined
as progressively worsening high blood pressure (BP) in preg-
nancy, occurring in the setting of proteinuria (=300mg of
protein in a 24-h urine specimen).” Eclampsia is preeclampsia
that progresses to seizures. PIH is described as high BP (sys-
tolic BP 2140mmHg or diastolic BP <90mmHg) after 20
weeks’ gestation that occurs without the other signs and symp-
toms of preeclampsia.

Compared with women without hypertension, women with
hypertension complicating pregnancy are 6—9-fold more likely
to have a stroke.’ Therefore, control of PIH is considered to
reduce the risk of maternal death from stroke (especially hem-
orrhagic stroke) during pregnancy. There are few reports about
the relationship of maternal death due to stroke and PIH.

In this issue of the Journal, Hasagawa et al review case
reports from medical institutions in Japan, and describe the
clinical features of maternal death associated with PIH.¥ In
this review of maternal deaths in Japan between 2010 and

s

Subiects
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first author
Sharshar (1995) .

Pregnancy and 2 weeks PP
Kittner (1996)3
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Class | recommendation

- Severe hypertension in pregnancy should be treated with safe
and effective antihypertensive medications, such as methyl-
dopa, labetalol, and nifedipine, with consideration of maternal
and fetal side effects (Level of Evidence A).

Class lla recommendation

- Consideration may be given to treatment of moderate hyperten-
sion in pregnancy with safe and effective antihypertensive medi-
cations, given the evidence for possibly increased stroke risk at
currently defined systolic and diastolic BP cutoffs, as weli as
evidence for decreased risk for the development of severe
hypertension with treatment (although maternal- fetal risk-bene-
fit ratios have not been established) (Level of Evidence B).

- After giving birth, women with chronic hypertension should be
continued on their antihypertensive regimen, with dosage
adjustments to reflect the decrease in volume of distribution and
glomerular filtration rate that occurs after delivery. They should
also be monitored carefully for the development of PP
_preeclampsia (Level of Evidence C).

Class Il recommendation

- Atenolol, angiotensin-receptor blockers, and direct renin inhibi-
tors are contraindicated in pregnancy and should not be used
(Level of Evidence C).

BP, blood pressure; PP, postpartum.

2012, 11% of all maternal deaths were associated with PIH.
More than 70% of the causes of maternal death associated
with PIH were due to stroke, and 12 of 25 deaths (48%) due
to stroke were associated with PIH. In this series, the most
frequent type of stroke was intracerebral hemorrhage (ICH).
Of all stroke types, ICH during pregnancy and the puerperium
leads to the highest risk of morbidity and mortality. Pregnancy
increases the risk of hemorrhagic more than ischemic stroke
(relative risk of 2.5 and 28.5 during pregnancy and the post-
partum period).® The underlying mechanism of pregnancy-
related hemorrhage is likely to be the consequences of
physiologic changes, such as blood volume expansion and
vascular tissue remodeling in pregnancy, plus the risk from the
strain and trauma of labor and delivery. Major causes of
pregnancy-related hemorrhage are preeclampsia and eclamp-
sia, which contribute to a large proportion of cases, followed
by intracerebral aneurysm, arteriovenous malformation and
moyamoya desease.!*!? The present study revealed that PIH is
strongly related with poor outcomes of stroke, especially ICH,
associated with pregnancy in Japan.

In February 2014, the American Heart Association and the
American Stroke Association released their first guideline
focused on stroke prevention in women.*?* Their recommenda-
tions are shown in Table 2. Regarding control of hypertension
during pregnancy, they recommend that severe hypertension
should be treated with safe and effective antihypertensive
medications, such as methyldopa, labetalol, and nifedipine,
with consideration of maternal and fetal side effects (Class I,
Level of Evidence A). For moderate hypertension, consider-
ation may be given with safe and effective antihypertensive
medications, given the evidence for possibly increased stroke
risk at currently defined systolic and diastolic BP cutoffs, as
well as evidence for decreased risk for the development of
severe hypertension with treatment (although maternal-fetal
risk-benefit ratios have not been established) (Class Ila, Level
of Evidence B). In this guideline, high BP during pregnancy
is defined as mild (diastolic BP 90-99 mmHg or systolic BP
140-149 mmHg), moderate (diastolic BP 100-109 mmHg or

systolic BP 150-159mmHg), or severe (diastolic BP 2110 mmHg
or systolic BP 2160 mmHg). They mention that the goal of BP
management in pregnancy is to maintain systolic BP between
130 and 155 mmHg and diastolic BP between 80 and 105 mmHg.
These recommendations are based on studies of European and
American populations. Because there are differences among
the races for stroke risk in pregnancy, prospective randomized
controlled trials assessing antihypertensive interventions to
reduce stroke risk are needed.

An important point in the present study is that although
83% of patients with PIH who died had experienced initial
symptoms in a hospital, more than half required medical trans-
port due to lack of local medical resources. They point out that
such delays in receiving proper treatment sometimes resulted
in maternal death. Although the mortality rate associated with
cardiovascular disease such as stroke or acute myocardial
infarction is not high in Japan,!»** timely transport and treat-
ment of patients who have risk factors in pregnancy, especially
PIH, is important for improving the outcome of pregnancy in
Japan.
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CLINICAL NEUROSURGERY

Comprehensive Stroke Care Capabilities in Japan:
A Neurovascular Surgeon’s Perspective

me to give a talk at this annual meeting of

the Congress of Neurological Surgeons.
The 34th annual meeting of the Japanese Congress
was successfully held in Osaka on May 16 to 18,
2014, and >4000 participants exchanged cutting-
edge knowledge about neurosurgical techniques
and management, clinical and basic science, and
social issues related to neurosurgical practice. The
theme of the 34th annual meeting of the Japanese
Congress was Visionary Approach to Neurosur-
gery. In this presentation, I wish to briefly review
the current status of comprehensive stroke care
capabilities in Japan from a neurovascular sur-
geon’s perspective, focusing on healthcare delivery
and cutting-edge neurosurgical techniques. This
year has afforded me the extraordinary opportu-
nity to work closely with many neurosurgeons
across the full spectrum of our specialty. To
provide insights into and information for our
brighter future, I conducted the first nationwide
survey on the real-world setting of neurosurgical
practices using data obtained from the Diagnosis
Procedure Combination (DPC)-based payment
systems. First, I discuss the impact of compre-
hensive stroke care capabilities on the outcome of
ischemic and hemorrhagic stroke revealed by this
nationwide study (called the Nationwide Survey
of Acute Stroke Capacity for Proper Designation
of Comprehensive Stroke Center in Japan, or
J-ASPECT Study). Second, I discuss a key role of
advanced neuroimaging capabilities in compre-
hensive stroke centers (CSCs) using our positron
emission tomography study for postoperative
hyperperfusion in patients with moyamoya dis-
ease. Finally, to describe multimodality treatment
for complex neurovascular lesions, one of the
most important roles and responsibilities of
CSCs, I focus on our cutting-edge microsurgical
management of partially thrombosed large or
giant aneurysms in the posterior circulation.

I adies and gentlemen, it is a great honor for

J-ASPECT STUDY

Increasing attention has been given to defining

the quality and value of health care through the

reporting- of process and outcome measures. In
Japan, stroke is the fourth-leading cause of death
and a leading cause of long-term disability. Almost
270000 individuals in Japan have a new or
recurrent stroke each year, and nearly 120 000
individuals die after a stroke. In 2000, the Brain
Artack Coalition discussed the concept of stroke
centers and proposed 2 types of centess: CSCs and
primary stroke centers (PSCs)."* Most patients
with stroke can be appropriately treated at a PSC,
and the Joint Commission has established programs
for cemfymg PSCs and measuring their perfor-
mance.” The concept and recommended key
components of CSCs enable intensive care and
specialized techniques that are not available at most
PSCs. A set of metrics and associated data elements
that cover the major types of care distinguis hm§
CSCs from PSCs have been published previously.
First, to examine the associations between PSC
and CSC capabilities and the impact of CSC
capabilities on hospital volume of stroke interven-
tions, we performed the J-ASPECT study, for
which a 49-question survey was developed on
hospital characteristics (ie, number of beds; aca-
demic status, geographic locanon, and participa-
tion in the DPC payment system®), PSC and CSC
capacity, and hospital volume of stroke interven-
tions.” The questionnaire was mailed in February
2011 to the 1369 certified training institutions of
the Japan Neurosurgical Society, Japanese Society
of Neurology, and Japan Stroke Society. This
survey included 25 items related to the 5 major
components of CSCs (personnel, diagnostic
programs, specific expertise, infrastructure, and
educational components) and 5 items related to
PSC certification (Tables 1 and 2).%* The
availability of personnel was assessed according
to 7 categories (eg, board-certified neurologists,
board-certified neurosurgeons, and board-
certified endovascular physicians). Because the
original questions were highly specific, they were
modified when necessary. Six advanced neuro-
imaging capabilities (eg, magnetic resonance
imaging [MRI] with diffusion-weighted imaging
[DW1] and digital subtraction angiography) were
investigated on the basis of their availability 24
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~ Neurologis , 358 (47.8)
Neurosurgeons 694 (92.7)

. .'Endovascular physmans 272 {36‘3)'
Crmcal care medlcme 162 (21.6)
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“Rehabilitation therapy 742 (99.1)

s »_}Stroke rehabilitation nurses? = 102 (13.8)
Diagnostic availability ~ CT®

742 (99.2)

24/7 v
Sttt MIREwith diffusion C O 647.(864)
Digital cerebral angfography 602 (80.8)
. CTanglography® 627 (84)
Carotid duplex u!trasound 257 (34.5)
B B ey 2162
Specific expertise “Carotid endarterectomy 603 (80.6)
G lChppmg of mtracramal 685 (91.5)
. aneurysm , i i
Hematoma removal/drammg 689 (91.9)

'_;lemg of mtracramal aneurysm 360 (48.1)
Intra-artenal reperfusmn therapy 498 (66.5)

- Stroke unit® £ 132(176)
intensive care umt 445 (59.4)
(0 Opeérating room staffed 24/7° 451(60.4) |
Interventional services covefage 279 (37.3)
24/7
. Stroke registry®. 235317
mmunity educatlon 369 (49.4)

;Professmnal educan o 436 (58, 6);‘,

CT, computed tomography MR, magnetic resonance imaging; TCD, transcranial
Doppler; 24/7, 24 h/d, 7 d/wk.

*Data missing: stroke rehabilitation nurse, 9; CT, 1; digital cerebral angiography, 4;
CT angiography, 3; carotid endarterectomy, 1; carotid duplex, 3; TCD, 3; stroke unit,
1; operating room staffed, 2; stroke registry, 7; community education, 2; and
professional education, 5. Reproduced from lihara et al® with permission from the
publisher. Copyright © 2014 National Stroke Association.

hours per day, 7 days per week (24/7). The availability of specific
expertise for stroke interventions was examined according to 5
categories (eg, carotid endarterectomy and clipping and coiling of
intracranial aneurysms). In terms of infrastructure, the availability
of 5 items (eg, stroke unit and intensive care unit) was surveyed.
Educational/research programs wete assessed according to 2 items
(community and professional education). Overall organizational
and staffing levels of the hospitals in terms of CSC capacity were
scored on the basis of the results of a questionnaire referring to 25
items originally recommended by the Brain Attack Coalition (total
CSC score)." A score of 1 was assigned for each recommended item
that was met, resulting in a maximum total CSC score of 25
points. Hospital volume of stroke interventions (eg, tissue-type
plasminogen activator [tPA] infusion, removal of intracerebral

108 | VOLUME 62 | NUMBER 1 | AUGUST 2015

hemorrhage [ICH], and clipping and coiling of intracranial
aneutysms) performed in 2009 was assessed.

Regarding the recommended PSC capabilities, written tPA
protocols were available in 85% of hospitals, and the National
Institutes of Health Stroke Scale score was routinely documented in
70.7% of hospitals; however, an acute stroke team was available in
only 26.5% of hospitals. In terms of the recommended personnel
components of CSCs (Table 1), 92.7% of hospitals had a neuro-
surgeon, 47.8% had a neurologist, and 36.3% had an endovascular
physician. The proportions of hospitals with critical care medicine
physicians, physical medicine and rehabilitation, and stroke
rehabilitation nurses were 21.6%, 15.1%, and 13.8%, respectively.
The score for the availability of the personnel component ranged
from 0 to 7 points (median, 3; interquartile range [IQR], 2-4).

Computed tomography (CT), MRI with DWI, digital sub-
traction angiography, and CT angiography (CTA) were available
24/7 in 99.2%, 86.4%, 80.8%, and 84% of institutions,
respectively, whereas carotid duplex ultrasonography and trans-
cranial Doppler were available in only 34.5% and 16.2% of
hospitals, respectively. The score for the availability of diagnostic
components ranged from 0 to 6 points (median, 4; IQR, 4-5).

Carotid endarterectomy, clipping of intracranial aneurysms,
and removal of ICH were available in 80.6%, 91.5%, and 91.9%
of hospitals, respectively, whereas coiling of intracranial aneurysms
and intra-arterial thrombolysis were available in 48.1% and 66.5%
of hospitals, respectively. The score for the availability of surgical
and interventional components ranged from 0 to 5 points
(median, 4; IQR, 3-5).

A stroke unit and an intensive care unit were available in 17.6%
and 59.4% of hospitals, respectively. Interventional service
coverage on a 24-hour basis was available in 37.3% of hospitals,
whereas an operating room staffed 24/7 was available in 60.4% of
hospitals. The score of the availability of infrastructure compo-
nents ranged from 0 to 5 points (median, 2; IQR, 1-3).

Professional and community education was available in 58.6%
and 49.4% of institutions, respectively (Table 2). The score of the
availability of the educational component ranged from 0 to 2
points (median, 1; IQR, 0-2).

The inclusion of total CSC score, availability of a tPA protocol, and
other hospital characteristics in the model revealed that total CSC
score, but not availability of a tPA protocol, was significantly
associated with the hospital volume of stroke interventions (Figure 1).

UNIQUE ASPECTS OF CSC CAPACITY IN JAPAN

The J-ASPECT study illustrated several unique aspects of CSC
capacity in Japan, including higher availability of neurosurgeons
(92.7% vs 24%-54% in the United States) and endovascular
surgeons (36.3% vs 15%-22% in the United States),®” which was
in sharp contrast to the relative shortage of neurologists (47.8% vs
31%-73% in the United States) and other personnel. In the
United States, only 7% of neurosurgeons play an active role in
nontraumatic cranial emergencies, whereas 59% of the board-
certified neurosurgeons in Japan are engaged in stroke care. The
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Neurosurgeons

‘ Diagnbstic B

Spéciﬁc expeftiée

| Infrastructure

Education

24/7, 24 h/d, 7 d/wk.

tPA Protocol Present, n (%]
620 (97.3)

151 (23.7)

554 (87.4)

621 (97.5)

?Cl, confidence interval; CT, computed tomography; MRI, magnetic resonance imaging; OR, odds ratio; TCD, transcranial Doppler; tPA, tissue-type plasminogen activator;

STROKE CARE IN JAPAN

tPA Protocol Absent, n (%} OR  85%CI P Value

10.1-348 <.001

74 (66.1) 18.7

108

108 (97.3)

48 (43.2)

11 (9.8)

<001

3287

¥Data missing: CT, 1; digital cerebral angiography, 4; carotid ultrasound, 3; TCD, 3; carotid endarterectomy, 1; stroke unit, 1; stroke registry, 7; community. education, 2;
professional education, 5. Reproduced from lihara et al® with permission from the publisher. Copyright © 2014 National Stroke Association.

proportion of Japanese hospitals offering MRI with DWI and
CTA corresponded with the gradual increase in the availability of
certain special diagnostic tests in the United States, whereas the
availability of digital subtraction angiography (80.8%) was in
contrast to the temporal decrease in the availability of catheter
angiography observed in the state of North Carolina (from 38%
in 1998 to 30% in 2008) because of declines in the proportion of
hospitals with neurointerventionalists.®

A stroke unit/stroke care unit as the critical infrastructure for
acute stroke, which has been proven to reduce the number of
deaths and long-term dependency,” was available in only 17.6%
of hospitals in Japan. This was comparable to the pro éJomon
observed in hospitals in the United States (6.6%-28%).

The implementation of a written tPA protocol as a key item of
PSC capacity was used to determine the relationship between PSC
and CSC capacity because it is a key step in reducing tPA-related
cornplicationsz’10 (Table 2). The availability of a tPA protocol
(85%) was comparable to that reported in 2 US statewide studies
performed in Ilinois in 2000 (72.8%) and North Carolina
between 1998 (43%) and 2008 (69%). 6.8 Notably, facilities with
a tPA protocol in Japan had a higher availability of nearly all

CLINICAL NEUROSURGERY

(92%) recommended items of CSC capacity, with the exception
of personnel in rehabilitation therapy and stroke rehabilitation
nurses. However, in a previous study performed in the United
States,® no significant differences were noted in the availability of
a larger number of critical items corresponding to the CSC items
in this study (eg, endovascular physicians, CTA, conventional
cerebral angiography, carotid duplex ultrasound, intra-arterial
thrombolysis, stroke unit, and community stroke awareness
program) based on the presence of a tPA protocol. Therefore,
CSC capacity was more likely to coexist in hospitals with PSC
capacity in Japan than in the United States, which might be
explained by a relatively larger commitment of neurosurgeons in
acute stroke care (eg, tPA infusion) in Japan.

IMPACT OF CSC CAPABILITIES ON
IN-HOSPITAL MORTALITY IN PATIENTS WITH
ISCHEMIC OR HEMORRHAGIC STROKE
(J-ASPECT STUDY)

Next, I would like to discuss the impact of CSC capabilities on
outcomes in patients with ischemic or hemorrhagic stroke. As
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a specialty, we have to step back and ask the very fundamental
question, What evidence exists that any of these CSC capabilities
have improved stroke outcomes? At the beginning of this project,
no evidence existed on the impact of CSC capabilities on outcomes
in patients with ischemic or hemorrhagic stroke. Among the
institutions that responded to the questionnaire on CSC capacity,
data on patients hospitalized for stroke between April 1, 2010, and
March 31, 2011, were obtained from the Japanese DPC
database.!" The DPC is a mixed-case patient classification system
that was launched in 2002 by the Ministry of Health, Labor, and
Welfare of Japan and was linked with a lump-sum payment
system.'? Computer software was developed to identify patients
hospitalized because of acute stroke from the annual deidentified
discharge database using the International Classification of
Diseases, 10th Revision diagnosis codes related to ischemic stroke
(163.0-9), nontraumatic ICH (161.0-9, 162.0-1, and 162.9), and
subarachnoid hemorrhage (160.0-9)."" The following data were
collected from the database: unique identifiers of hospitals,
patient age and sex, diagnoses, comorbidities at admission, in-
hospital use of medications (antihypertensive agents, oral

110 | VOLUME 62 | NUMBER 1 | AUGUST 2015

hypoglycemic agents, insulin, antihyperlipidemic agents, statins,
anticoagulant agents, or antiplatelet agents), smoking, arrival by
ambulance, level of consciousness at admission according to the
Japan Coma Scale, and discharge status. The Japan Coma Scale'”
was originally published in 1974, the same year as the Glasgow
Coma Scale,' and it remains one of the most popular grading
scales among healthcare professionals and emergency medical
service personnel in Japan for assessing impaired consciousness.
Grading with the 1-, 2-, and 3-digit codes corresponds to the
following status: (1) the patient is awake in the absence of any
stimulation, (2) the patient can be aroused but reverts to the
previous state after the cessation of stimulation, and (3) the patient
cannot be aroused even by forceful mechanical stimulation. Zero
on the scale indicates normal consciousness. In-hospital mortalicy
was analyzed with hierarchical logistic regression analysis adjusted
for age, sex, level of consciousness on admission, comorbidities,
and the number of fulfilled CSC items in each component and
in total.

Data from 265 institutions and 53170 emergency-hospitalized
patients were analyzed (Table 3)."! The distribution of total CSC

www.neurosurgery-online.com

— 452 —



