Appendix Table 2. Number (%) of responding hospitals (n = 724) with the recommended elements of acute stroke care capacity in Japan, based on geographical classification

MEA-central MEA-outlying McEA-central McEA-outlying

Category Components n : % (n = 382) (n = 240) (n = 90) (n=12) P value™
Personnel Board-certified neurologist 351 48.5 210 (55) 109 (45.4)7 28 31.1)% 4(33.3) <.001
Board-certified neurosurgeon 673 93.0 359 (94) 220 (91.7) 85 (94.4) 9 (75) 084
Interventional/endovascular physicians 269 37.2 174 (45.5) 78 (32.5)1 16 (17.8)7 1 (8.3) <.001
Critical care medicine 157 21.7 90 (23.6) 53 (22.1) 14 (15.6) [R(U] .098
Physical medicine and rehabilitation 110 15.2 64 (16.8) 37 (15.4) 8 (8.9) 1(8.3) 279
Rehabilitation therapy 716 98.9 379 (99.2) 236 (98.3) 90 (100) 11917 .099
Stroke rehabilitation nurses 99 13.7 64 (16.8) 28 (11.7) T (1.8)7 0 045
Diagnostic (24/7) CT 716 98.9 379 (99.2) 236 (98.3) 90 (100) 11917 .099
MRI with diffusion 621 85.8 334 (87.4) 198 (82.5) 77 (85.6) 11 (91.7) 365
Digital cerebral angiography 585 80.8 316 (82.7) 184 (76.7) 77 (85.6) 8 (66.7) .084
CTA 606 83.7 323 (84.6) 197 (82.1) 77 (85.6) 9 (75) 616
Carotid duplex U/S 248 34.3 142 (37.2) 73 (30.4) 29 (32.2) 4(33.3) 365
TCD 121 16.7 80 (20.9) 34 (14.2)7 7(7.8)1 0O .003
Surgical CEA 587 (673) 87.2 329 (91.1) 184 (84.8)7 66 (78.6)7 8(72.7) .002
Clipping of 1A 657 (699) 94.0 350 (95.1) 215 (92.7) 83 (94.3) 9 (81.8) 182
Hematoma removal/draining 660 (701) 94.2 353 (95.4) 216 (93.1) 82 (93.2) 9 (81.8) 151
Coiling of IA 348 (624) 55.8 215 (64) 107 (52.71)t 23 3L 32707 <.001
IA reperfusion therapy 486 (639) 76.1 272 (79.8) 156 (73.9) 52 (68.4) 6 (54.6) .035
Infrastructure Stroke unit 126 (712) 17.7 83 (22.1) 37 (15.7) 6 (6.7)7 0Oy 001
ICU 346 (724) 47.8 186 (48.7) 115 (47.9) 39 (43.3) 6 (50) 835
Operating room staffed 24/7 443 61.2 256 (67.0) 142 (59.2) 42 (46,77 3 25.0)7 <.001
Interventional services coverage 24/7 275 38.0 182 (47.6) 77 (32.1)7 15 (16.7)t 1(8.3)F <.001
Stroke registry 228 31.5 134 (35.1) 69 (28.8) 23 (25.6) 2 (16.7) 133
Education Community education 358 494 196 (51.3) 127 (52.9) 31 34.4)7 4(33.3) 011
Professional education 424 58.6 238 (62.3) 143 (59.6) 39 (43.3)7 4 (33.3) 003
PSC Elements t-PA—certified physician 662 (706) 93.8 360 (95.7) 214 (93) 79 (88.8)7 9 (81.8) .021
Acute stroke team 183 (702)  26.1 120 (32.4) 50 (21.7)% 10 (11.1)t 3(25) <.001
NIHSS 514 (721) 71.3 296 (77.5) 165 (69.3)7 47 (52.2)7 6 (50) <.001
Written t-PA protocol 616 (721) 85.4 338 (88.7) 201 (84.1) 69 (76.7)7 8 (72.7) 012
Hotline with emergency medical services 418 (718) 58.2 218 (57.2) 138 (58.7) 53 (58.9) 9 (75) 700

Abbreviations: CEA, carotid endarterectomy; CT, computed tomography; CSC, comprehensive stroke center; CTA, computed tomography angiography; IA, intracranial aneurysm; ICH, intrace-
rebral hemorrhage; ICU, intensive care unit; McEA, micropolitan employment areas; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; TCD, transcranial Doppler;
t-PA, tissue plasminogen activator; U/S, ultrasonography.

*Fisher’s exact test.

1P < .05 versus MEA-central, Fisher’s exact test.
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Appendix Table 3. Categorical and total CSC scores of the responding hospitals based on geographical classifications

MEA-central MEA-outlying McEA-central McEA-outlying

Category (n = 382) (n = 240) (n = 90) (n=12) P value*
CSC scores Personnel 3 (3-4) 32t 2 (2-3)t 2 (2-3)f <.001
(median, IQR)  Diagnostic 4 (4-5) 4 (3-5)1 4 (4-5) 4 (3-4.5) .077
Surgical/interventional 5 (3-5) 4 (3-5)t 4 3-4)t 3.5 (1.0-4.5)7 <.001
Infrastructure 2 (1-3) 2 (1-3)t 1 (0-2)7 1 (0-2)t <.001
Education 1(0-2) 1 (0-2) 1 (0-Dt 0 (0-1.5) <.001
Total 16 (12-18) 14 (11-17)7 13 (10-15)¢ 12.5 (6.5-14)7 <.001

Abbreviations: CSC, comprehensive stroke center; IQR, interquartile range; MEA, metropolitan employment areas; McEA, micropolitan em-
ployment areas.

*Kruskal-Wallis test.

tWilcoxon test, P < .05 versus MEA-central.

Appendix Table 4. The impact of availability of t-PA
protocol on the volume of stroke interventions on
multivariate linear regressioné adjusted for other hospital
characteristics

t-PA protocol (+)

B P value 95% CI
t-PA 6.40 <.001 4.73 8.08
ICH 6.79 <.001 4.55 9.03
Clipping 14.22 <.001 8.32 20.12
Coiling 5.73 <.001 2.84 8.63

Abbreviations: CI, confidence interval; ICH, intracerebral hemor-
rhage; t-PA, tissue plasminogen activator.

The hospitals without a t-PA protocol (t-PA (-) were considered as
a reference.
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Appendix Table 5. The impact of the total CSC score on the volume of stroke interventions on multivariate linear regressions
adjusted for other hospital characteristics

Total CSC score

02 Q3 Q4

P value 95% Cl1 B P value 95% C1 B P value 95% CI P for trend

t-PA 313 <.001 1.63 463 685 <.001 542 829 1221 <001 1049 13.94 <.001
ICH 445 <001 236 653 8.63 <.001 6.63 10.63 1330 <001 10.89 1572 <.001
Clipping 8.08 004 2,60 1356 16.15 <001 1091 21.38 34.82 <001 2847 41.18 <.001
Coiling  1.44 304 —1.30 418  8.09 <.001 548 1071 1574 <.001 12.57 18.91 <.001

Abbreviations: CI, confidence interval; DPC, diagnosis procedure combination; ICH, intracerebral hemorrhage; t-PA, tissue plasminogen ac-
tivator.

Total CSC scores were categorized into quartiles (Q1: 0-10, Q2: 11-13, Q3: 14-17, and Q4: 18-24) and treated as dummy variables. The hos-
pitals with the total CSC score classified into Q1 were considered as a reference. Other adjustment covariates were the number of beds, academic
status, geographical locations, and participation on the DPC-based payment system.

Appendix Table 6. The volume of stroke interventions in
2009 in the responding hospitals

n %  Median IQR  Range

t-PA infusion 727 97.1 5 2-10 0-60
Clipping of IA 724 96.7 15 15-27 0-356
ICH removal 720 96.1 5.5 2-12 0-85
CEA 678 90.5 0 02 041
Coiling of IA 698 932 3 0-11  0-116
i.a. reperfusion 678 90.5 0 0-2 041

1

CAS 697 93.1 0-7 0-164

Abbreviations: CAS, carotid stenting; CEA, carotid endarterec-
tomy; i.a., intra-arterial; IA, intracranial aneurysm; IQR, interquar-
tile range; t-PA, tissue plasminogen activator.

n, number of hospitals replying to the question of case volume of
stroke interventions performed in 2009; %, percentage of hospitals
replying to the question of case volume of stroke interventions per-
formed in 2009 in the responding hospitals.
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proposed two types of centers: comprehensive [2] and primary [3].
Most patients with stroke can be appropriately treated at a
primary stroke center (PSC), and the Joint Commission has

Introduction

In Japan, stroke is the third-leading cause of death, as well as a

leading cause of long-term disability. Almost 270,000 individuals
in Japan have a new or recurrent stroke each year, and nearly
120,000 individuals die following a stroke [1]. In 2000, the Brain
Attack Coalition discussed the concept of stroke centers and

PLOS ONE | www.plosone.org

established programs for certifying PSCs and measuring their
performance [4]. The concept and recommended key components
of comprehensive stroke centers (GSCs) enable intensive care and
specialized techniques that are not available at most PSCs [2,5].
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Table 1. Number and percentage of participating hospitals (n=265) with the recommended items of comprehensive stroke care

ltems

Components

n %

o ec;;'sg:itdgists, -

Neurosurgeons

hysicians.

Critical care medicine

Rehabilitation therapy

sical medicing and rehabilitation

5t

Diagnostic techniques

Specific expertise

Education Community education

Although stroke performance measures have been developed to
monitor and improve quality of care, a substantial proportion of
patients do not receive effective treatments, and population-based
studies have been called for to evaluate the successful translation of
evidence-based medicine into clinical practice [4] Organized
stroke unit care is a form of in-hospital care provided by nurses,
doctors, and therapists who work as a coordinated team
specialized in caring for patients with stroke [6]. The effectiveness
of organized stroke care has been reported for different ischemic
stroke subtypes in the organized care index (OCI) using data from
the Registry of the Canadian Stroke Network [7,8]. However, the
effectiveness of GSC capabilities on the mortality of patients with
ischemic and hemorrhagic stroke remains uncertain. In this study,
we examined whether CSC  capabilities influence in-hospital
mortality for all types of stroke in a real-world setting by using
data from the J-ASPECT nationwide stroke registry (obtained
from the Japanese Diagnosis Procedure Combination [DPC]-
based Payment System) [9].

Methods

Of the 1,369 certified training institutions of the Japan
Neurosurgical Society, the Japanese Society of Neurology, and/
or the Japan Stroke Society, 749 hospitals responded to a
questionnaire survey regarding GSC capabilities. The CSC

PLOS ONE | www.plosone.org
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CT, computed tomography; MRI, magnetic resonance imaging; TCD, transcranial Doppler.
doi:10.1371/journal.pone.0096819.t001

capabilities were assessed using 25 items specifically recommended
for GSCs [2] that were divided into 5 components regarding (1)
personnel (seven items: board-certified neurologists, board-certi-
fied neurosurgeons, board-certified endovascular physicians,
board-certified physicians in critical care medicine, board-certified
physicians in physical medicine and rehabilitation, personnel in
rehabilitation therapy, and stroke rehabilitation nurses), (2)
diagnostic techniques (six items: 24 hours/day, 7 days/week
[24/7] availability of computed tomography [CT], magnetic
resonance imaging [MRI] with diffusion-weighted imaging, digital
cerebral angiography, CT angiography, carotid duplex ultra-
sound, and transcranial Doppler), (3) specific expertise (five items:
carotid endarterectomy, clipping of intracranial aneurysms [IAs],
removal of intracerebral hemorrhage [ICH], coiling of IAs, and
intra-arterial reperfusion therapy), (4) infrastructure (five items:
stroke unit, intensive care unit, operating room staffed 24/7,
interventional services coverage 24/7, and stroke registry), and (5)
educational components (two items: community education and
professional education). A score of 1 point was assigned if the
hospital met each recommended item, yielding a total CSG score
of up to 25. The scores were also summed for each component
{subcategory CSC score). The impact of specific aspects of acute
stroke care (monitoring, early rehabilitation, admission to stroke
care unit [SCU], acute stroke team, the organized stroke care
index [7], existence of a tissue plasminogen activator [t-PA]
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Table 2. Demographics of the study cohort according to the Diagnosis Procedure Combination (DPC) discharge database study in
a comparison of hospitals that agreed to participate in the present study and those that did not.

Hospital characteristics (CSC scores)

Personnel (7 items)

Specific expertise (5 items)

Education (2 items)

20-49

100-299

100-199

#Wilcoxon rank-sum test.

CSC, comprehensive stroke center.
Hp, hospital.
doi:10.1371/journal.pone.0096819.t002

protocol, number of t-PA cases/year, and number of acute stroke
cases/year) on stroke mortality was also examined. This survey
was completed by neurosurgeons or neurologists in the responding
hospitals and returned by mail. Any incomplete answers were
completed in follow-up phone interviews with the neurosurgeons
or neurologists of the study group. The English version of the
survey is shown in File S1.

This cross-sectional survey used the DPC discharge database
from participating institutions in the J-ASPECT Study. 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 [9]. Of the 749
hospitals that responded to the institutional survey regarding CGSC
capabilities, 265 agreed to participate in the DPC discharge
database study (File S2). Computer software was developed to
identify patients hospitalized because of acute stroke from the
annual de-identified discharge database by using the International
Classification of Diseases (ICD)-10 diagnosis codes related to
ischemic stroke (163.0-9), nontraumatic ICH ICH: 161.0-9, 162.0-
1, and 162.9), and subarachnoid hemorrhage (SAH: 160.0-9).
Because of major differences in their typical prognosis, patients
with transient ischemic attack were excluded. Patients hospitalized
because of ischemic and hemorrhagic stroke between April [, 2010
and March 31, 2011 were included; however, patients with
scheduled admissions were excluded from analysis. The following
data were collected from the database: unique identifiers of
hospitals, patients’ age and sex, diagnoses, comorbidities at
admission, in-hospital use of medications (antihypertensive agents,

PLOS ONE | www.plosone.org

Participating hp

35412
40+1.4
12+08
ENIRN

66 (24.9)
500~ 90 (34.0)
0-49 8 (3.0)

56 (21.1)

300- 92 (347)

Non-participating hp

P value®

3113 <0.001

36x16 <0.001

1.0£08 0.002

1327 <0.001

166 (34.3)

117 (24.2)

43 (8.9) 0.003

143 (29.5)

136 (28.1)

oral hypoglycemic agents, insulin, antihyperlipidemic agents,
statins, anticoagulant agents, or antiplatelet agents), smoking,
arrival by ambulance or not, level of consciousness at admission
according to the Japan Coma Scale [10], and discharge status.
The Japan Coma Scale [11] was originally published in 1974, the
same year as the Glasgow Coma Scale (GCS) [12], and it remains
one of the most popular grading scales for assessing impaired
consciousness among health care professionals and personnel for
emergency medical services in Japan. Grading with the 1-, 2-, and
3-digit codes corresponds to the following statuses: 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. Each specific digit status is further
subdivided into three levels: 1-digit code into 1, 2, and 3; 2-digit
code into 10, 20, and 30; and 3-digit code into 100, 200, and 300
(Table S1). In addition to these nine grades, a normal level of
consciousness is graded as zero. Consciousness level on admission
was determined by the physician and data on all medication use
was collected electronically from the claim data. Comorbidity was
determined primarily from the ICD-10 code, but was also checked
against what medications and procedures the patient was
receiving/undergoing, to see if these were compatible with the
code data. Smoking was defined by the physician’s record, which
rated patients as active or inactive smokers. In-hospital mortality,
defined as death by the time of discharge from the hospital, was
analyzed with the total and subcategory CSC scores using
hierarchical logistic regression analysis adjusted for age, sex,
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Effects of Comprehensive Stroke Care on Mortality

Table 3. Demographics of the patient study cohort at the time of diagnosis and hospital characteristics according to stroke type.

intracerebral Subarachnoid
Total Ischemic Stroke hemorrhage hemorrhage

Male, n (%) 29,353 (55.2) 18,816 (57.6) 9,030 (57.5) 1,584 (32.1)

39,918 (75.1) 22,531 (69.0) 13,281 (8
Hyperlipidemia, n (%) 15,015 (28.2) 11,104 (34.0) 2,529 (16.1) 1,412 (28.6)

540 (22

Anti-renin-angiotensin system agent 19,881 (37.4) 8,280 (52.7)

Sympathetic antagonist 6,334 (11,9 3,821 (1.7) 2,172 (13.8) 364 (7.4)

Loop diuretic 7,434 (14.0) 4,609 (14.1) 1,912 (12.2) 940 (19.1)

10,295 (194) 6,784 (20.8) 2,473 (15.8)

Oral antidiabetic agent 5,749 (10.8) 4,459 (13.6) 1,110 (7.1) 197 (4.0)
3

Statin 10,099 (19.0) 7,840 (24.0) 1,366 (8.7) 912 (18.5)

378 (2.4)

0, n (%) 19,635 (36.9) 15,027 (46.0) 3,620 (23.1) 1,024 (20.8)

Emergency admission by ambulance, n (%) 31,995 (60.2) 17,336 (53.1) 10,909 (69.5) 3,830 (77.6)

Hospital characteristics (CSC scores)

Personnel (7 items) 37%12 3.7+1.2 3.8%x1.2

Specific expertise (5 items) 44+10 4.4+0.9 45+0.8

Education (2 items) 14+08 1.4+0.8 14*08

CSC, comprehensive stroke center.
*A composite variable with a pure beta antagonist and a mixed alpha/beta adrenergic antagonist (e.g., labetalol).
doi:10.1371/journal.pone.0096819.t003

Japan Coma Scale score, comorbidities, and institutional differ- Statistical Analysis
ence. We used hierarchical logistic regression models [13,14] to
estimate odds ratios (ORs) for in-hospital mortality. Each model
Ethics Statement had two levels of hierarchy (hospital and patient) while considering
This research plan was designed by the authors and approved the random effects of hospital variation, as well as fixed effects of
by the Institutional Review Board of the National Cerebral and CSC score and patient effects of age, sex, and level of
Cardiovascular Center, which waived the requirement for consciousness. The total score and each subcategory score were
individual informed consent. analyzed separately. We also divided GSC score into quintiles and

analyzed the trend with the Cochran-Armitage trend test. The
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Table 4. The impact of total comprehensive stroke care (CSC) score on in-hospital mortality after ischemic stroke, adjusted by age,
sex, and level of consciousness at admission according to the Japan Coma Scale (JCS).

Factor OR

Age 1.40

Jcs

one-digit code 2.40

three-digit code 21.62

95% CI

2.11-2.74

P value

1.34-1.47 <0.001

<0.001

18.69-25.02 <0.001

doi:10.1371/journal.pone.0096819.t004

difference between participating and non-participating hospitals in
the DPC discharge study was determined by Wilcoxon rank-sum
test. The analyses were performed using SAS version 9.2 (SAS
Institute Inc., Cary, NC, USA) and STATA version 12 (STATA
Corp, College Station, TX, USA).

Results

A total of 265 hospitals participated in this study. The number
and percentage of the participating hospitals with the recom-
mended items of CSC capabilities are shown in Table 1. The
distribution of total GSC scores ranged from | to 23 (mean: 15.4,
median: 14 standard deviation [SD]: 4.2, interquartile range
[IQR]: 11-18). Because we initially sent the CSC questionnaire to
749 hospitals, we sought to determine whether there was a
selection bias in stroke care capabilities that could have impacted
which hospitals returned the questionnaire. We found that such a
bias did exist; in fact, the total CSC scores, subcategory CSC
scores and annual volume of t-PA infusion, with the exception of
the diagnostic techniques and education/research subcategories,
were significantly higher for the participating hospitals than for the
non-participating hospitals (Table 2).

Data from 265 institutions and 53,170 emergency-hospitalized
patients (age in years, mean =SD: 72.5%13.1; male: 55.2%) were
analyzed. Patient demographics according to stroke type at the
time of diagnosis are shown in Table 3. The study cohort included
32,671 patients with ischemic stroke (age: 74.412.2 years; male:

{1, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale; OR, odds ratio.

57.6%), 15,699 with ICH (age: 70.7%£13.5 years; male: 57.5%),
and 4,934 with SAH (age: 64.7%14.8 years; male: 32.1%). Use of
antihypertensive agents, antidiabetic agents, antihyperlipidemic
agents, and antiplatelet agents is also shown in Table 3. Almost
60% of the patients arrived by ambulance, with the incidence
ranging from 77.6% for SAH to 53.1% for ischemic stroke. These
rates of arrival by ambulance based on stroke type were in
accordance with different degrees of stroke severity, as reflected by
level of consciousness. Hospital characteristics shown by total and
subcategory GSC scores did not reveal any significant differences
with respect to stroke type.

Overall, mortality rates were 7.8% for ischemic stroke, 16.8%
for ICH, and 28.1% for SAH. Table 4-6 show the results of a
hierarchical logistic regression analysis of these data. Mortality of
patients with ischemic stroke was significantly correlated with male
sex (OR = 1.23), age (10 incremental years, OR = 1.4), and level of
consciousness (1-digit code: OR = 2.4, 2-digit code: OR =7.46, 3-
digit code: OR=21.62, versus zero [normal consciousness
{control}]) as patient characteristics, and total CSC score
(OR =0.97) adjusted for age, sex, and level of consciousness as a
hospital characteristic (Table 4). Mortality of patients with ICH
was also significantly correlated with male sex (OR = 1.72), age (10
incremental years, OR = 1.36), and level of consciousness (1-digit
code: OR=145, 2-digit code: OR=4.22, 3-digit code:
OR =49.59, versus zero as control) as patient characteristics and
total CSC score (OR =0.97) adjusted for age, sex, and level of
consciousness as a hospital characteristic (Table 5). Mortality of

Table 5. The impact of total comprehensive stroke care (CSC) score on in-hospital mortality after intracerebral hemorrhage,
adjusted by age, sex, and level of consciousness at admission according to the Japan Coma Scale (JCS).

Factor OR

Age 1.36

Jcs

one-digit code 1.45

three-digit code 49.59

95% Cl

40.12-61,27

P value

1.30-1.42 <0.001

1.14-1.83 0.002

<0.001

doi:10.1371/journal.pone.0096819.t005

PLOS ONE | www.plosone.org

C, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale; OR, odds ratio.
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Table 6. The impact of total comprehensive stroke care (CSC) score on in-hospital mortality after subarachnoid hemorrhage,
adjusted by age, sex, and level of consciousness at admission according to the Japan Coma Scale (JCS).

95%Cl

e
1.29-1.45
0930

1743

three-digit code

0.75-1.46

146277
13.14-22.35

doi:10.1371/journal.pone.0096819.t006

patients with SAH was likewise significantly correlated with male
sex (OR = 1.39), age (10 incremental years, OR = 1.37), and level
of consciousness (2-digit code: OR=2.01, 3-digit code:
OR =17.12, versus zero as control) as patient characteristics and
total CSC score (OR =0.95) adjusted for age, sex, and level of
consciousness as a hospital characteristic. Therefore, total CGSC
score was independently associated with in-hospital mortality for
all stroke types after adjusting for age, sex, and stroke severity
(Table 6). The impact of total CSC score on in-hospital mortality
for ischemic stroke and ICH remained significant after adjustment
for age, sex, severity of stroke, and existence of comorbid
conditions (hypertension, diabetes mellitus, and hyperlipidemia)
(Table S2-54).

Table 7-9 show the correlations between CSC subcategory
scores and in-hospital mortality adjusted for age, sex, and level of
consciousness depending on the different stroke types: mortality of
patients with ischemic stroke was significantly correlated with
subcategory scores in personnel (OR=0.93), infrastructure
(OR=0.94), and education (OR =0.89) (Table 7). Mortality of
patients with ICH was significantly correlated with subcategory
scores in diagnostic technique (OR=0.91), infrastructure
(OR =0.92), and education (OR=0.91) (Table 8). Mortality of
patients with SAH was significantly associated with subcategory
scores in personnel (OR=0.91) specific expertise (OR =0.83),
infrastructure (OR =0.89), and education (OR =0.84) (Table 9).
We found that while infrastructure and education subcategory
CGSC scores significantly impacted outcomes for all types of stroke,
other subcategory CGSC scores were differentially associated with
in-hospital mortality depending on stroke type.

Figure 1 shows the impact of total CGSC score classified into
quintiles (Q1: 4-12, Q2: 13-14, Q3: 15-17, Q4: 18, Q5: 19-23)

Cl, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale; OR, odds ratio.

on the in-hospital mortality of patients with all types of stroke (a},
ischemic stroke (b), ICH (c), and SAH (d) after adjusting for age,
sex and level of consciousness. There was a significant association
between total CGSC score and in-hospital mortality in all types of
stroke (all P<<0.001) (Table 4 6). Figure 2 llustrates the impact of
total CGSC score on the in-hospital mortality of patients with all
types of stroke (a), ischemic stroke (b), ICH (c), and SAH (d) after
acjustment for age; sex; level of consciousness; and incidence of
hypertension, hyperlipidemia, and diabetes mellitus. The associ-
ation between total CSC score and in-hospital mortality in patients
after all types of stroke (a), ischemic stroke (b), and ICH (c)
remained significant after adjustment for age; sex; level of
consciousness; and incidence of hypertension, hyperlipidemia,
and diabetes mellitus. This same association was not evident in
patients with SAH (P=0.601) {Table 10).

Hospitals with higher CSC scores were also more likely to
provide early rehabilitation, improved monitoring, the possibility
of admission to an SCU, presence of an acute stroke care team,
existence of a t-PA protocol, greater numbers of t-PA cases/year,
and higher scores on the organized stroke care index. In addition
to the CSC score, the processes of acute stroke care, such as
admission to SCU, presence of an acute stroke team, the organized
stroke care index [7], and number of acute stroke cases/staff
physician significantly impacted in-hospital mortality after all types
of acute stroke, although in some cases, to a greater or lesser
degree for the different types of stroke (Table 11-14).

Discussion

Using the nationwide discharge data obtained from the
Japanese DPC-based Payment System, we evaluated the effect of

Table 7. The impact of subcategory CSC score on in-hospital mortality after ischemic stroke adjusted by age, sex and JCS.

OR

Component

Diagnostic techniques

Infrastructure

PLOS ONE | www.plosone.org

0.95

95% Cl P value

0.90-1.01 0.090

0.90-0.99

Cl, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale; OR, odds ratio.
doi:10.1371/journal.pone.0096819.t007
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Table 8. The impact of subcategory CSC score on in-hospital mortality after intracerebral hemorrhage adjusted by age, sex and

Diagnostic techniques

Infrastructure

hospital characteristics based on the recommended components of
CSCs [2] on the in-hospital mortality of patients with acute
ischemic and hemorrhagic stroke treated between April 1, 2010
and March 31, 2011. We found that the total CSC score was
significantly associated with in-hospital mortality rates irrespective
of stroke type after adjustment for age, sex, and initial level of
consciousness according to the Japan Coma Scale. However, the
subcategory scores that were significantly associated with in-
hospital mortality differed among stroke type. Importantly, the
association between total CSC scores and in-hospital mortality
remained significant after adjustment for age; sex; initial level of
consciousness according to the Japan Coma Scale; and incidence
of hypertension, diabetes mellitus and hyperlipidemia for all types
of stroke except SAH. These findings highlight the importance of
CSC capabilities for optimal treatment of ischemic and hemor-
rhagic stroke and will enable health care professionals and policy
makers to focus their efforts on improving specific aspects of CSC
capabilities for different types of stroke.

Increasing attention has been given to defining the quality and
value of health care through the reporting of process and outcome
measures. Following the original proposal to establish CSCs [2],
detailed metrics for measuring quality of care in CSCs have been
reported [5]. The so-called ““drip-and-ship” model has emerged as
a paradigm for emergency departments that are able to diagnose
acute ischemic stroke and administer intravenous (IV) recombi-
nant t-PA (rt-PA) but lack the infrastructure to provide intensive
monitoring for patients after rt-PA administration [15,16]. A
recent study demonstrated that despite having more severe strokes
on arrival at the CSC, transfer-in patients with acute ischemic
stroke had in-hospital mortality similar to that of front door
patients and were more likely to be discharged to rehabilitation.
These findings lend support to the concept of regionalized stroke
care and directing patients with greater disability to more
advanced stroke centers [17]. At present, no official certification

JGS.

Component OR

95% ClI P value

0.85-0.98

0.87-0.98

Cl, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale; OR, odds ratio.
doi:10.1371/journal.pone.0096819.t008

of stroke centers in Japan has been launched, and the current
study indicates that patients with acute ischemic stroke or
hemorrhagic stroke are being admitted on an emergent basis to
hospitals with similar GSC total and subcategory scores.

In the present study, stroke severity was adjusted by baseline
level of consciousness according to the Japan Coma Scale [10,11].
The Get With the Guidelines-Stroke (GWTG-Stroke) risk model
was recently developed to predict in-hospital ischemic stroke
mortality, suggesting that the National Institutes of Health Stroke
Scale (NIHSS) score provides substantial incremental information
on a patient’s mortality risk [18], emphasizing the importance of
adjustment of stroke severity to develop a hospital risk model for
mortality [19]. Previous prospective multicenter study has
demonstrated that the development of a decreased level of
consciousness within the initial hours after stroke onset, as
evaluated by a simple six-point scale, is a powerful independent
predictor of mortality after a major ischemic stroke of the anterior
vasculature [20]. In hemorrhagic stroke, the degree of impaired
consciousness at admission was also included in the various
proposed ICH scores to predict functional outcome and mortality
[21,22]. This study demonstrated that the level of consciousness at
admission, as measured by the Japan Coma Scale, is a powerful
independent predictor of mortality after ischemic and hemorrhag-
ic stroke. Determining an individual patient’s risk of mortality at
admission could improve clinical care by providing valuable
information to patients and their family members and by
identifying those at high risk for poor outcomes who may require
more intensive resources.

Health care quality of CSCs in the present study was scored on
the basis of the results of a questionnaire referring to 25 items
originally recommended by the Brain Attack Coalition. Although
there is now increasingly good evidence from initiatives like
GWTG-Stroke [23] that a process based on the systematic
collection and evaluation of stroke performance measures can

Table 9. The impact of subcategory CSC score on in-hospital mortality after subarachnoid hemorrhage adjusted by age, sex and

Diagnostic techniques

PLOS ONE | www.plosone.org

Component OR

95% ClI P value

Cl, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale; OR, odds ratio.
doi:10.1371/journal.pone.0096819.t009
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Figure 1. Associations between total comprehensive stroke care (CSC) scores separated into quintiles (Q1: 4-12, Q2: 13-14, G3: 15~
17, Q4: 18, Q5: 19-23) and in-hospital mortality of patients after all types of stroke (a), ischemic stroke (b), intracerebral
hemorrhage (ICH) (c), and subarachneid hemorrhage (SAH) (d), after adjustment for age and sex. Odds ratios (ORs) and 95% confidence
intervals (Cls) of in-hospital mortality of each total CSC score quintile are depicted compared with that of Q1 as control.

doi:10.1371/journal.pone.0096819.g001

rapidly improve the quality of stroke care delivered by hospitals,
current metrics are mostly limited to process measures that address
the care of patients with ischemic stroke in acute hospital-based
settings [4]. In addition, there is a pressing need to demonstrate a
direct link between better adherence to stroke performance
measures and improved patient-oriented outcomes [4,24].

One potential issue with the interpretation of this study could be
the lack of a control group. Although there is currently no clear
consensus regarding the recommended criteria for GSCs in Japan,
the present study distinctly shows that the GSC scores widely
distributed in Figure 1 and classified into quintiles were
significantly associated with in-hospital mortality for all types of
stroke; in fact, mortality after all types of stroke markedly
decreased, for example, in ischemic stroke cases by about 40%
in hospitals in the highest quintile compared with those in the
lowest quintile.

In the present study, our questionnaire was primarily based on
the American definition of CSCs. However, according to the
definitions derived from a European survey of experts in the field
[25], facilities that meet the criteria for CSCs should include the
capability to conduct sophisticated monitoring, such as automated

PLOS ONE | www.plosone.org

electrocardiography (ECG) monitoring at bedside and automated
monitoring of pulse oximetry, in addition to the numerous aspects
of care capability indexed by the American definition of CSCs
used in this study. According to the European approach, to meet
the criteria for CSCs, hospitals should have the availability of at
least 80% of the components rated as absolutely necessary by at
least 50% of experts who participated in the previous expert
survey; moreover, these components must be present in each of 6
categories and include the 19 components rated as absolutely
necessary by >75% of experts. Based on the present results and an
additional ongoing study using a validation cohort in Japan, the
criteria for the designation of CSCs in Japan should be determined
after further thorough discussion among Japanese stroke experts.

The present study demonstrated the feasibility and impact of
using nationwide discharge data with hierarchical logistic regres-
sion analysis to examine the random effects that vary among
hospitals, as well as the fixed effects of CSC score and patient
effects of age, sex, and level of consciousness. We used unique
hospital ID in random-intercept hierarchical regression models to
assess the association between CSC score and mortality, adjusting
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Figure 2. Associations between total comprehensive stroke care (CSC) scores separated into quintiles (Q1:4-12, Q2: 13-14, Q3: 15-
17, Q4: 18, Q5: 19-23) and in-hospital mortality of patients after all types of stroke (a), ischemic stroke (b), intracerebral
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incidence of hypertension, hyperlipidemia, and diabetes mellitus. Odds ratios (ORs) and 95% confidence intervals (Cls) of the in-hospital

mortality of each total CSC score quintile are depicted compared with that of Q1 as control.

doi:10.137 1/journal.pone.0096819.g002

for patient characteristics and the hospital where a patient was
treated.

This model adjusts for hospital-level effects that arise from
factors such as geographical location and ageing of the local
population. After adjustment, we can isolate the pure CSC score
effects on mortality by hospital, as discussed by Localio et al. [26].
If the CSC score is no longer significant after accounting for
hospital-level variation, the differences in mortality can be
assumed to arise from differences among hospitals. This approach
enabled us to elucidate the impact of various CSC metrics on in-
hospital mortality of patients with different stroke types. By
expanding the scope of performance measures to include all types
of stroke, the present study was able to direct links between specific
recommended items of CSC capacities and in-hospital mortality
after both hemorrhagic and ischemic stroke. While previous
reports [7] showed that aspects of acute stroke care, such as
admission to an SCU, the presence of an acute stroke team, and
the organized stroke: care index, were significantly associated with
effects on in-hospital mortality after acute stroke, the present study

PLOS ONE | www.plosone.org

clearly shows that the same is true for the CSC score based on the
items recommended by the American Stroke Association.
Finally, one could argue that there really is no concept of 3/4
CGSCs, but rather only CSCs or PSCs. In light of the existing
evidence regarding the impact of the recommended CSC items on
stroke outcomes, we advocate a CSC scoring system to examine
the impact of availability of the recommended items on in-hospital
mortality for all types of stroke. Considering the marked impact of
the CSC score on outcome after all types of stroke, the differential
impacts of CSC subcategory scores for different stroke types may
make a single simple and effective CSC criterion unrealistic as a
tool to produce a nationwide reduction in stroke mortality. In our
opinion, it may be a more viable option to employ CSC scores in a
more limited fashion, that is, to benchmark the state of care
currently provided by medical centers treating stroke patients.

Limitations

First, the questionnaire used in this study is new and has not
undergone pilot testing or systematic analysis; thus, its validity and
reliability are uncertain. The current set of CSC score items does
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hyperlipidemia, and diabetes mellitus.
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Table 10. Associations between total comprehensive stroke care (CSC) scores separated into quintiles (Q1: 4-12, Q2: 13-14, Q3:
15-17, Q4: 18, Q5: 19-23) and in-hospital mortality of patients after all types of stroke (a), ischemic stroke (b), intracerebral
hemorrhage (ICH) (c), and subarachnoid hemorrhage (SAH) (d), model 1. after adjustment for age, sex, and initial level of
consciousness; and model 2: after adjustment for age, sex, initial level of consciousness, and incidence of hypertension,

Model 1

Model 2

(n=32,671)

ICH (n=15,699)

Whole Population 1.02
098

1.03

Ischemic Stroke Q2 0.90 0.278 0.75 1.08

0.003 0.005

ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage.
doi:10.1371/journal.pone.0096819.t010

not include all worthwhile items related to GSC. These items were
appropriately modified from the original American version [2] in
consideration of the medical, social, and logistical differences
between the U.S. and Japan. For example, most cerebrovascular
surgeries, including carotid endarterectomy and neurointerven-
tion, are performed by neurosurgeons rather than vascular
surgeons or neuroradiologists. At the beginning of this project, a
survey including the 25 components recommended by the Brain
Attack Coalition in 2005 was created after a review of the
literature on comprehensive stroke centers and a thorough

discussion by an expert panel. Some recommended items such
as availability of ventriculostomy were excluded from our
questionnaire merely for simplicity, and thus to increase the
response rate of the survey, since they seemed to be identical to
recommendations of the board-certified neurosurgeons of Japan.
On the other hand, some items such as transesophageal
echocardiography were excluded because of the expected very
low usage of this examination. According to the Japanese Stroke
Databank 2009, for example, transesophageal echocardiography
was performed for only 5.4% of the 34,417 acute ischemic stroke

Table 11. Impact of processes of stroke care on in-hospital mortality after all types of stroke.

Early rehabilitation (%)

Acute stroke team

Existence of t-PA protocol (%)

Number of acute stroke patients/staff physician (mean)

P value 95% Cl

OR

0.029 0.79-0.99

0.88 0.295 0.69-1.12

0.999 0.012 0.998-1.000

SCU, stroke care unit; t-PA, tissue plasminogen activator.
doi:10.1371/journal.pone.0096819.t011

PLOS ONE | www.plosone.org

*The organized stroke care index was created to represent different levels of access to organized stroke care ranging from 0 to 3 as determined by the presence of early
rehabilitation, acute stroke team assessment, and admission to a stroke unit based on the report of Saposnik et al. (2009).
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Table 12. Impact of processes of stroke care on in-hospital mortality after ischemic stroke.

OR P value 95% ClI

Early rehabilitation (%) 1.09 0.615 0.78-1.52

Acute stroke team 0.85 0.016 0.74-0.97
Existence of t-PA protocol (%) 0.82 0.158 0.61-1.08

Number of acute stroke patients/staff physician (mean) 0.999 0.047 0.998-1.000

*The organized stroke care index was created to represent different levels of access to organized stroke care ranging from 0 to 3 as determined by the presence of early
rehabilitation, acute stroke team assessment, and admission to a stroke unit based on the report of Saposnik et al. (2009).

SCU, stroke care unit; t-PA, tissue plasminogen activator.

doi:10.1371/journal.pone.0096819.t012

Table 13. Impact of processes of stroke care on in-hospital mortality after intracerebral hemorrhage.

OR P value 95% Ci

Early rehabilitation (%) 139 0.091 0.95-2.03

Acute stroke team 0.90 0.194 0.77-1.05

Existence of t-PA protocol (%)

Number of acute stroke patients/staff physician (mean) 0.999 0.043 0.998-1.000

*The organized stroke care index was created to represent different levels of access to organized stroke care ranging from 0 to 3 as determined by the presence of early
rehabilitation, acute stroke team assessment, and admission to a stroke unit based on the report of Saposnik et al. {2009).

SCU, stroke care unit; t-PA, tissue plasminogen activator.

doi:10.1371/journal.pone.0096819.t013

Table 14. Impact of processes of stroke care on in-hospital mortality after subarachnoid hemorrhage.

OR P value 95% Cl

Early rehabilitation (%) 1.02 0.945 0.63-1.64

Acute stroke team 0.69-1.03

Existence of t-PA protocol (%) 1.09 0.732 0.66-1.81

Number of acute stroke patients/staff physician (mean) 0.998 0.006 0.997-1.000

*The organized stroke care index was created to represent different levels of access to organized stroke care ranging from 0 to 3 as determined by the presence of early
rehabilitation, acute stroke team assessment, and admission to a stroke unit based on the report of Saposnik et al. (2009).

SCU, stroke care unit; t-PA, tissue plasminogen activator.

doi:10.1371/journal.pone.0096819.t014
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patients in a real-world situation. The impact of this examination
on the mortality rates of this study would be difficult to evaluate
because of low usage. All 25 components of the questionnaire are
shown in the appendix. Second, discharge data obtained from the
Japanese DPC-based Payment System lacks important informa-
tion, such as post-discharge data and an NIHSS or GCS score as
an index of stroke severity at admission. Although the Japan Coma
Scale proved to be a powerful independent predictor of mortality
after all types of stroke, further study is necessary to validate the
results of the present study with another indicator of stroke
severity, such as the NIHSS or GCS. This can be done separately
or in combination with a validation data set (the estimated data
volume in the J-ASPECT 2013 is more than 80,000 cases that will
be available in 2013). Third, there is an inherent risk of
information bias when evaluating data obtained by self-assess-
ment. Moreover, hospitals actively working to improve stroke care
may have been more likely to respond to the questionnaire.
Admittedly, the participation rate of DPC data collection of the J-
ASPECT study was relatively low. The participation rates were
19.4% of the 1,369 certified training institutions of the Japan
Neurosurgical Society, and 35.4% of the 749 hospitals that
responded to the institutional survey. However, the institutes that
participated in the present study tended to have more beds and
more stroke cases than average. This suggests that the hospitals
that were more active in stroke care and potentially eligible for
CSC participated in this stucy. Therefore, the present results may
not generalize to non-participating hospitals. External validation
greatly increases the reliability of self-assessment data. According-
ly, we plan to validate the information regarding hospital
characteristics and outcomes by using a small sample set from
the 2010 validation cohort of the present study. Since the number
of participating hospitals in this study is increasing every year, we
are planning to evaluate how the validity and reliability of the
CSC score in predicting stroke patient mortality changes when
weighting factors are applied to the recommended items, stroke
type, and severity. Through annual evaluations, we aim to achieve
higher predictive validity and responsiveness to establish the
usefulness of the GSC score. Fourth, we assigned 1 point if the
hospital met each recommended item for GSC. However, this
equal weight assumption is probably not valid since some
components were not significant on subgroup analysis. Although
some associations between individual CSC components and
mortality achieved significance, several did not but were very
close to significant, based on the confidence intervals. These non-
significant trends are telling and suggest that the subgroup
component analyses were underpowered and thus prone to type
2 error. In addition, we performed multiple comparisons for each
stroke type, and therefore, some of the secondary analyses,
particularly those that evaluated the impact of stroke care
procedures on in-hospital mortality, are prone to type 1 error.
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We need a larger sample size to validate each recommended item
and appropriately weight the subscores.

Conclusions

Although patient demographics and stroke severity are impor-
tant predictors of in-hospital mortality of patients with all types of
stroke, CSC capacities were associated with reduced in-hospital
mortality rates, with relevant aspects of care dependent on stroke

type.
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Background—Burnout is common among physicians and affects the quality of care. We aimed to determine the prevalence
of burnout among Japanese physicians working in stroke care and evaluate personal and professional characteristics
associated with burnout.

Methods and Results—A cross-sectional design was used to develop and distribute a survey to 11211 physicians. Physician
burnout was assessed using the Maslach Burnout Inventory General Survey. The predictors of burnout and the relationships
among them were identified by multivariable logistic regression analysis. A total of 2724 (25.3%) physicians returned the
surveys. After excluding those who were not working in stroke care or did not complete the survey appropriately, 2564
surveys were analyzed. Analysis of the participants’ scores revealed that 41.1% were burned out. Multivariable analysis
indicated that number of hours worked per week is positively associated with burnout. Hours slept per night, day-offs per
week, years of experience, as well as income, are inversely associated with burnout. Short Form 36 mental health subscale
was also inversely associated with burnout.

Conclusions—The primary risk factors for burnout are heavy workload, short sleep duration, relatively little experience, and
low mental quality of life. Prospective research is required to confirm these findings and develop programs for preventing
burnout. (Circ Cardiovasc Qual Outcomes. 2014;7:414-422.)
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B urnout is a syndrome characterized by emotional exhaus-
tion and depersonalization, leading to decreased effec-
tiveness at work.! In a recent large survey of US physicians,
~40% of neurosurgeons were found to have experienced

working in stroke care, and no survey research has been con-
ducted among Japanese physicians. Such lack of research is
troubling because stroke is the fourth leading cause of death
in Japan, as well as a leading cause of long-term disability.®

symptoms of burnout.? Another US study found that =40% of
surgeons were burned out,? conditions that are both associated
with medical errors.*> However, limited research has been
conducted into the relationship between specific demographic
and practice characteristics and burnout among physicians

The objective of this study was to determine the prevalence
of burnout among Japanese neurosurgeons and neurologists
working in stroke care and evaluate the personal and profes-
sional characteristics associated with burnout among this phy-
sician population.
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WHAT IS KNOWN

o Approximately 40% of US neurosurgeons were
found to have experienced symptoms of burnout.

o However, limited research has been conducted into
the relationship between specific demographic and
practice characteristics and burnout among physi-
cians working in stroke care, and no survey research
has been conducted among Japanese physicians.

WHAT THE STUDY ADDS

e A total of 2564 Japanese physicians working for
stroke care was assessed for physician burnout using
the Maslach Burnout Inventory General Survey.

e Among them, 41.1% were burned out, and the pri-
mary risk factors for burnout are heavy workload,
short sleep duration, relatively little experience, and
low mental quality of life. Working within a com-
prehensive stroke center resulted in a trend for less
burnout.

o The cross-sectional nature of this study requires
future confirmation to better establish causality and
to test strategies to reduce burnout.

Methods

The original tasks for J-ASPECT study group expected by the gov-
ernment are as follows:

Nishimuraetal = J-ASPECT Study 415

1. Examine the plausibility of establishing comprehensive stroke
care center (CSC) in Japan and its effect.

2. Examine whether CSC can reduce the tendency of physicians
to avoid practicing in rural areas because of long working
hours and burnout.

We hypothesized that the centralization of stroke care physicians
is one of possible solutions to stop the decreasing number of stroke
care physicians in Japan, as recognized by many physicians, espe-
cially in rural area. Many physicians feel that it is really difficult to
maintain the local healthcare systems for stroke care. However, there
is no precise information about burnout prevalence in Japanese stroke
care physicians.

Study Design

In March 2011, a cross-sectional survey was sent to 11211 phy-
sicians, among whom were all board-certified members of the
Japanese Neurosurgical Society and the Societas Neurologica
Japonica working throughout Japan. The survey was developed
by J-ASPECT researchers based on the previous studies on physi-
cian burnout.>™® We sent the survey to a total of 10791 physicians
via postal mail; however, we could not mail the questionnaire
to 420 physicians in the 3 Tohoku prefectures that were affect-
ed by great Tohoku earthquake. The cover letter accompanying
the survey informed the physicians that only physicians who are
currently working for stroke care are eligible for the survey, that
their participation was voluntary, and that their responses would
remain anonymous. They were requested to return the completed
survey within 8 weeks. The survey contained items that collected
data on relevant demographic variables and variables related to
practice patterns. (Data Supplement). This study was approved
by the Institutional Review Board of the National Cerebral and
Cardiovascular Center, Japan.

All broad certified members of Japanese Soclety of Neurology and the Japanese Neurosurgical Soclety
in March 2011 [N=11,210}

Exclusion of members in the avea of

Great Tohoku Earthquake (N=4683)

Survey sent { N= 10,741} i

No response after 2 reminder

- requests {(N=8,017)

Responded survey { N= 2,724} i

Missing valuesfor MBI-GS and other

N

questionnaires related for the
analysis {N=89}

{ N=2,635)

Complete response for all related questionnaires

‘{ Not working for stroke care{N=71} l

{ N=2,564)

included in the study

Figure 1. Flow chart of sample selection process. MBI-GS indicates Maslash Burnout Inventory General Survey.
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Measurement of Burnout, Depression, and

Quality of Life

Burnout among physicians was measured using the Japanese version
of the Maslach Burnout Inventory General Survey (MBI-GS), a vali-
dated version of the MBI, which is currently considered the gold stan-
dard for measuring burnout.”*' This 16-item questionnaire’ contains
3 subscales that evaluate what are considered the 3 major domains of
burnout: exhaustion, cynicism (depersonalization), and professional
efficacy. Based on the results of previous studies using the MBI-GS,
which reported that a high score on the emotional exhaustion and de-
personalization subscale is an indication of physician burnout,>"'-?
and the findings from a survey of Japanese population,' an exhaustion
score >4.0 or a cynicism (depersonalization) score >2.6 were selected
as primary criteria for burnout. The criteria for severe burnout status
were an exhaustion score >4.0 and either a cynicism score >2.6 or a
professional efficacy score <4.17. The use of 21 additional criterion
for severe burnout (ie, the use of exhaustion+1 criteria) was adopted
because exhibiting 21 other symptom of burnout besides exhaustion
has been reported to be a more appropriate and reliable indicator of
severe burnout among the general population'® compared with the ap-
proaches used in former studies of physician burnout.

For comparison of the study sample with the general population
of Japanese workers, the MBI-GS scores of the participants were
compared with the MBI-GS scores of 2843 Japanese office workers
and 751 civil servants that one of our investigators had previously
published.™

Psychological well-being was assessed usmg the Mental Health
(MH) subscales of the Medical Outcome Study Short Form 36-Item
Health Survey (SF-36), a valid and reliable instrument for measuring
health-related quality of life.'®

Statistical Analysis

Standard descriptive summary statistics were used to determine
whether the participants had not been burned out, had been burned
out, or had been severely burned out at the time of the survey.

Multivariable ordinal logistic regression was used to identify de-
mographic and professional characteristics associated with burnout.
Ordinal logistic regression models are used to estimate relationships
between an ordinal dependent variable and a set of independent vari-
ables. An ordinal variable in this study is a variable that is categorical
and ordered, burnout, and severe burnout.

Forward selection using the Akaike information criterion was used
to select the best predictors. Observations from the missing data in
the survey questionnaire were not incorporated in this study. The in-
teraction (effect modification) between predictors was determined by
evaluating whether the interaction terms were significant. All statisti-
cal analyses were conducted using SAS version 9.3 (SAS Institute
Inc, Cary, NC) and STATA 11 (STATA Corp, College Station, TX)
software, all tests were 2-sided, and all values that had a P value
<0.05 were considered significant.

Results

Burnout Among Japanese Physicians Working in
Stroke Care

Figure 1 shows the process used to select the study partici-
pants. Of a total of 11211 board-certified neurosurgeons
and neurologists practicing in any prefecture excluding the
3 prefectures affected by the Tohoku earthquake (n=469), a

Table 1. Personal Characteristics of Study Sample by Burnout Status (n=2635)
Not Burned Out Mild to Moderately Burned Out Severely Burned Out
n 1562 505 568
Percentage of sample 59.3 19.2 216
Male, % 92.0 93.1 90.7
Age, vy 48.2 (£9.4) 46.3 (+8.9) 451 (x8.4)
MBI-GS scores
Exhaustion 2.06 (+0.98) 3.72(x1.12) 4.89 (x0.58)
Cynicism (depersonalization) 1.12(x0.73) 2.69 (+1.16) 3.77 (x1.23)
Personal accomplishment 4.36 (+1.61) 417 (+1.48) 3.41 (x1.58)
No. of hours slept/night 6.07 (x1.15) 5.88 (£0.94) 5.63 (+0.94)
No. of hours worked/wk 64.3 (x15.7) 66.9 (+16.1) 72.3 (x16.6)
No. of day-offs/wk 1.19 (+0.64) 1.10 (+0.66) 0.94 (x0.59)
No. of nightshifts/mo 2.62 (x2.80) 3.01 (x2.91) 3.67 (+3.64)
No. of after-hours calls/wk 1.69 (+2.92) 2.14 (£3.15) 2.92 (x3.84)
Percentage of time spent in stroke 44 4 (£25.9) 47.3 (+26.6) 48.5 (+26.4)
care
No. of t-PA cases/y 2.06 (+3.20) 2.38 (x3.58) 2.68 (+3.86)
No. of patients under care 9.11 (=6.94) 9.81 (+6.65) 10.51 (+6.62)
No. of years of experience 22.6 (=9.28) 20.8 (+8.84) 19.6 (+8.36)
Income (10000 Yen), 1488.0 (418.1) 1446.0 (394.0) 1376.8 (418.7)
(1000 Euro) (+139.0) (+131.5) (+128.5)
Married, % 82.8 83.5 76.6
Children <23y (%) 67.9 68.5 70.3
Divorced, % 1.86 1.02 2.70
SF-36 MH subscale 49.4 (+7.38) 42.5 (+7.81) 35.63 (x9.01)

Values are means (+SDs) or numbers of participants (percentages). 10000 Yen indicates 10000$; MBI-GS, Maslash

Burnout Inventory General Survey; SF-36 MH score, Short Foam 36 mental heaith subscale score; and t-PA, tissue-type

plasminogen activator.
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2(a) Prevalence of Burnout among Physicians and Non-Physicians  2{b) Hours Worked

EZ2EE % Burnout BEEEEE % Severe Burnout

B % Bumout EEEEES % Severe Burnout

2{c) Time Spent for Stroke Care 2(d) Sleep Time
Time
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2{e) Experience Years 2{f) SF-36 MH

Score
Figure 2. A and B, Prevalence of burnout among physicians and nonphysicians. C~F, Association between burnout and working hours,
sleep duration, experience hours, and time spent for stroke scare. Prevalence of burnout was calculated for stroke care physicians
(n=2635), civil servants (n=751), and office workers (n=2843). Percentage of burnout was determined by Maslash Burnout inventory
General Survey. SF-36 MH indicates Short Foam 36 mental health subscale score.

total of 2564 physicians remained for analysis. At the time 66.3+16.2 hours per week, slept 5.94x1.08 hours per night,
that they completed this survey, the study sample had been in were on duty for 2.91+3.04 nights per month, and received
practice for a mean of 21.7+9.1 years (mean+SD), worked for 2.00+3.21 after-hours calls per week. Among these 2564
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