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Background: In Japan there is no consensus on how to efficiently measure quality indicators (Qls), defined as a standard of care,
for acute ischemic stroke (AIS). Using information from a health insurance claims database and electronic medical records, we
evaluated the feasibility and validity of measuring Qls for AIS patients who received intravenous recombinant tissue plasminogen
activator (IV rt-PA) or endovascular therapy (EVT).

Methods and Results: AlS patients receiving rt-PA or EVT between 2013 and 2015 were identified. We selected 17 AIS QI mea-
sures for primary stroke centers (PSCs) and 8 for comprehensive stroke centers (CSCs). Defined Qls were calculated for each
hospital and then averaged. In total, the data of 8,206 patients (rt-PA 83.7%, EVT 34.9%) from 172 hospitals were obtained. Median
National Institute of Health Stroke Scale score at admission was 14, and 37.7% of the patients were functionally independent at
discharge. All target Qls were successfully measured with fewer missing values, and the accuracy of preset data was about 90%.
Adherence rates were low (<50%) in 5 QI measures among PSCs, including door-to-needle time <1h, and in 1 QI measure among
CSCs (door-to-brain and vascular imaging time <30 min).

Conclusions: Measuring Qls for AIS by this novel approach was feasible and reliable in the provision of a national benchmark.
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cause of disability, in Japan, but there is no national Editorial p210
consensus on how best to measure quality indicators
(QIs) of acute ischemic stroke (AIS). In the USA, several A QI can be defined as a standard of care for all appropri-
healthcare organizations have undertaken initiatives aimed ate patients, and must be developed in a standardized,
at measuring and improving the quality of acute stroke care. evidence-based way.!2 In 2000, the American College of

S troke is the 4th leading cause of death, and a leading
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who underwent diagnostic neuroangiography

Table 1. Relevant Preset Information From the Diagnosis Procedure Combination (DPC) Database

Denominator Numerator
(20/25) (10/25)
Patients with any type of stroke (160.1-9*, 161.0-9*, 163.0-9%) PSC1,3,5, IV rt-PA performed PSC6, CSC3
or TIA (G45.0-9%) 13,14,15,17
Patients with ischemic stroke (163.0-9*) or TIA (G45.0-9%) PSC4,8 Antiplatelet therapy within 48 h of stroke PSC8
onset
Patients with ischemic stroke (163.0-9%) PSC7 Antiplatelets prescribed at discharge PSC9
Ischemic stroke (163.0-9%) or TIA (G45.0-9%) patients without PSC9 Anticoagulation prescribed at discharge PSC10
atrial fibrillation (148.0-9%)
Ischemic stroke (163.0-9*) or TIA (G45.0-9*%) patients with atrial PSC10 Statin prescribed at discharge PSC11
fibrillation (148.0-9%)
Ischemic stroke (163.0-9*) or TIA (G45.0-9%) patients with PSC11 Antihypertensive agents prescribed at PSC12
dyslipidemia (E78.0-9%) discharge
Patients with any type of stroke (160.1-9*, 161.0-9*, 163.0-9%) PSC12 Foot-pumping for DVT performed within PSC13
or TIA (G45.0-9*) with hypertension (110-15%) 2 days of arrival
Patients with any type of stroke (160.1-9*, 161.0-9*, 163.0-9%) PSC16 Physiotherapy or occupational therapy PSC15
or TIA (G45.0-9*) with smoking performed within 2 days of arrival
Patients with ischemic stroke (163.0-9*) who underwent EVT CSC4,5 EVT performed CSC2
Patients with ischemic stroke (163.0-9*) who underwent IV CSCes,7
rt-PA or EVT
Patients with any type of stroke (160.1-9*, 161.0-9%, 163.0-9%) CSC12

DVT, deep vein thrombosis; EVT, endovascular therapy; IV rt-PA, intravenous recombinant tissue plasminogen activator; mRS, modified
Rankin Scale; TIA, transient ischemic attack. Except for those measurements shown above, patients with diabetes mellitus, onset-to-door time
(within 3 days, 4-7 days, 8 days and later, asymptomatic, uncertain) and mRS at discharge are preset from the DPC database. *The ICD-10
code collected from the DPC database. Data on the drugs or medical devices shown below were collected from the DPC database. EVT: Merci
Retriever (Stryker, Kalamazoo, MI, USA), Penumbra system (Penumbra, Alameda, CA, USA), Solitaire FR (Medtronic Minneapolis, MN, USA),
Trevo ProVue (Stryker Neurovascular, Kalamazoo, MI, USA). Antiplatelet drugs: aspirin, clopidogrel sulfate, sarpogrelate hydrochloride,
cilostazol, ticlopidine hydrochloride, prasugrel hydrochloride, ticagrelor ozagrel sodium. Anticoagulants: warfarin potassium, apixaban,
edoxaban tosilate hydrate, rivaroxaban, dabigatran etexilate methanesulfonate. Antihypertensive agents: angiotensin-converting enzyme
inhibitor, angiotensin-receptor blocker, anti-renin-angiotensin system agent, calcium-channel blocker, B-blocker, a,B-blocker, a-blocker,

potassium-sparing diuretic, thiazide and thiazide-like diuretic, loop diuretic.

Cardiology/American Heart Association (ACC/AHA)
published a report on the QIs of care for cardiovascular
disease and stroke patients.! The Brain Attack Coalition
published guidelines for the certification of primary stroke
centers (PSCs) and comprehensive stroke centers (CSCs).34
PSCs were developed to provide optimal facilities for
administration of intravenous recombinant tissue plas-
minogen activator (IV rt-PA) infusions, and CSCs were
developed to provide more intensive stroke care including
endovascular and neurosurgical treatments. The Joint
Commission began developing performance measures for
the certification of PSCs and CSCs in 2003 and 2011,
respectively.>®

In Japan, certification of PSCs has just begun, leaving
the gap between clinical evidence and clinical practice largely
unexplored. The Nationwide survey of Acute Stroke care
capacity for Proper dEsignation of Comprehensive stroke
cenTer in Japan (J-ASPECT) study was the first nation-
wide survey of the real-world settings of acute stroke care
and neurosurgical practices, using data obtained from
Diagnosis Procedure Combination (DPC)-based payment
system. The J-ASPECT study group has analyzed the DPC
database to gain new clinical insights, and details of the
J-ASPECT study are reported elsewhere.”$

We launched the Close The Gap-Stroke (CTGS) initia-
tive, a nationwide quality improvement initiative to
develop QIs for both PSCs and CSCs, taking into account
the unique aspects of stroke care in Japan. The result was
the development of 17 measures representing QIs for PSCs
and 12 for CSCs (Supplementary Table 1).° Because the
DPC database lacks critical information to monitor the

developed QlIs, a novel approach is necessary for continu-
ous measurement of the developed QIs while at the same
time decreasing the burden and cost in clinical practice. To
this end, we developed a novel method for measuring the
quality of stroke care by combining information from a
health insurance claims database and electronic medical
records (EMRs). As a pilot CTGS QI project, the feasibil-
ity and reliability of the developed indicators were tested in
a specific population of AIS patients who received IV
rt-PA or endovascular therapy (EVT).

Methods

Participation in the J-ASPECT study was voluntary and
undertaken in collaboration with the Japan Neurosurgical
Society and Japan Stroke Society.

DPC Database

The DPC database is a mixed-case patient classification
system that was launched in 2002 by the Japanese Ministry
of Health, Labor and Welfare and is linked with each hos-
pital’s financing system. The DPC database contains clini-
cal summaries that contain information on diagnoses
(principal diagnoses, comorbidities at admission, and com-
plications after admission) as well as the type of procedure
and charge for the procedure (e.g., surgeries coded, daily
records of drug administration and devices used).!'® The
main diagnosis, comorbidities and recorded complications
are coded using the International Classification of Disease
and Related Health Problems 10th Revision (ICD-10)
codes. By 2015, the DPC system had been adopted by an
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Gathering AIS or TIA patients treated with IV rt-PA and/or EVT
from J-ASPECT DPC database during January 1, 2013 and December 31, 2015

¥

| Data were sent to each participant hospital

‘ The responsible physicians were asked to review accuracy of preset data and add necessary information from EMR

Sample page in the CTGS QI Measurement Tool

——— s ®]

Patient information
I Comorbidity
Comorbidity » Hypertension
- Diabetes mellitus
= Hyperlipidemia
¥ Atrial fibrillation

Process
| Laboratory.data/Images
* PT-INR at admission

¥ Creatinine at admission

¥ | DL at admission (Above 120mg/dI)
** CT within 24 hours of arrival
¥ MRI within 24 hours of arrival

- Neuroangiography peformed

mg/dL

| Colored tabs are preset from the DPC data

Unknown
Unknown
Unknown
Unknown

Unknown

EW  siroke developed within 24 hours of diagnostic
neuroangiography

]

Death developed within 24 hours of diagnostic

neuroangiograshy

| Eioi|

Database were sent back to CTGS secretariat

Figure 1.

tissue plasminogen activator; TIA, transient ischemic attack.

Overview of the Close The Gap-Stroke (CTGS) QI Measurement Tool. AlS, acute ischemic stroke; DPC, Diagnosis
Procedure Combination database; EMR, electronic medical record; EVT, endovascular therapy; IV rt-PA, intravenous recombinant

AIS or TIA patients admitted to hospital participated in J-ASPECT study
during January 1, 2013 and December 31, 2015
I
Age > 18 years
Treated with IV rt-PA or EVT

v

‘ 501 Hospitals (15,155patients) invited to participate |

4’| 251 Hospitals declined to participate

‘ 250 Hospitals (9,549patients) agreed to participate |

4% 24 Hospitals did not provide data ‘

54 Hospitals received less than
10 ischemic stroke patients

A 4

Figure 2. Flow chart of inclusion criteria. AIS,
acute ischemic stroke; EVT, endovascular

172 Hospitals (8,206patients) included in the study

therapy; IV rt-PA, intravenous recombinant tis-
sue plasminogen activator; TIA, transient isch-
emic attack.

estimated 1,580 acute care hospitals, representing approx-
imately half of all Japanese hospital beds and encompass-
ing a wide variety of centers. To maximize the accuracy of
the DPC data, the responsible physicians are required to
personally record the information.!! The high validity of
diagnosis and procedure coding in this dataset has been

reported by previous studies.812

CTGS Quality Indicators

The details of the CTGS QIs have been published previ-
ously but, in brief, 17 QIs for PSCs were intended to reflect
basic stroke care, and the 12 QIs for CSCs were developed

Circulation Journal Vol.85, February 2021
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(A)
Total number 8,206
Age, median (IQR), years 76 (68-83)
Male, n (%) 4,745 (57.8)
Comorbidity, n (%)
Hypertension 4,283 (52.2

Diabetes mellitus
Hyperlipidemia
Atrial Fibrillation
Current smoking

(52.2)
1,543 (18.8)
1,778 (21.7)
3,371 (41.1)
1,209 (16.6)

Table 2. (A) Characteristics of Eligible Patients, (B) Characteristics of Hospitals in This Study

NIHSS score at admission, median (IQR), n 14 (7-21)
Treatment, n (%)

IV rt-PA 6,866 (83.7)

EVT 2,863 (34.9)

IV rt-PA and EVT 1,523 (18.6)
Independence,* n (%)

At discharge (n=8,148) 3,074 (37.7)

At 90 days (n=4,887) 2,260 (46.2)

(B)
Hospital Participant Nonparticipant P value Final sample Excluded hospitals P value

n 250 308 172 78
Location, %

Metropolitan 88.6 85.7 90.5 84.4

Micropolitan 11.4 14.3 0.3098 9.5 15.6 0.1613

Urban 70.3 66.6 71.0 68.8

Rural 29.7 33.4 0.3486 29.0 31.2 0.7292
Hospital type, %

Academic 19.6 8.8 0.0002** 17.4 24.4 0.2016
No, of beds, % 0.0284** 0.2475

<99 24 2.3 3.5 0.0

100-499 56.0 66.9 55.2 57.7

=500 41.6 30.8 41.3 42.3
Annual stroke discharge, % <0.0001** <0.0001**

<100 3.6 27.0 0.0 115

101-300 46.4 46.7 36.1 69.2

>301 50.0 26.3 64.0 19.2

(A) *Independence defined as mRS score 0-2. IQR, interquartile range; NIHSS score, National Institute of Health Stroke Scale score. Other
abbreviations as in Table 1. (B) Significance assessed by the Pearson x? test. **Significant differences are indicated.

for advanced stroke care (Supplementary Table 1).° The
QIs relevant to AIS and transient ischemic attack (TIA)
were selected in this study. The selected PSC QIs com-
prised: documentation of initial severity measure (PSC 1),
diagnosis (PSC 2-4), coordination of care (PSC 5), acute
medication (PSC 6-8), initiation of secondary prevention
(PSC 9-12), prevention of complications (PSC 13,14),
rehabilitation (PSC 15), and patient education (PSC 16,
17). The selected CSC QIs comprised: diagnosis (CSC 1),
intravenous thrombolysis/EVT (CSC 2-7) and diagnostic
angiography (CSC 12). Regarding safety measures, symp-
tomatic intracranial hemorrhage (CSC 6) and stroke or
death within 24 h of diagnostic angiography (CSC12) were
defined. For those original measurements with continuous
variables (CSC 1 and 5), the time window was set accord-
ing to QIs for EVT reported previously.!3 Our method for
developing these QIs was adapted from the RAND-
University of California, Los Angeles Appropriateness

Circulation Journal

Method (modified Delphi method).™ In this study, QIs
related to hemorrhagic stroke (subarachnoid hemorrhage
and intracranial hemorrhage) were excluded. The adher-
ence rate was calculated for each QI as the percentage of
patients who fulfilled the defined criteria among those eli-
gible. Patients were eligible for QIs if they met the criteria
described in the denominator, and they were considered to
have fulfilled the QI if they received the care processes
stated in the numerator. When necessary information was
unavailable (i.e., either missing or coded as “unknown” in
the dataset), we excluded the patients from the denomina-
tor of each QI and included it as a missing value. To com-
pare each developed QI, adherence rates were divided into
3 groups for the sake of convenience: high (=75%), inter-
mediate (75-50%), or low (<50%).9-15.16

CTGS QI Measurement Tool
The CTGS QI Measurement Tool was developed to facili-

Vol.85, February 2021
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Table 3. Results for the Close The Gap-Stroke (CTGS) Quality Indicators (Qls)
Adherence rate, % L.
(A) Qls for PSCs Average Each hospital Vﬂ':::i
Median IQR
1 NIHSS documentation (n=8,168) 91.9 97.0 87.8-100 0.5
2 CT/MRI £25min (n=7,274) 81.3 86.5 70.0-94.0 4.9
3 CT/MRI =24h (n=8,164) 99.1 100.0 99.0-100 0.5
4  Extracranial vascular imaging (n=7,372) 90.1 95.3 82.5-100 0.3
5  Stroke unit (n=8,147) 57.3 16.6 0-98.8 0.7
6 rt-PA administration (n=7,347) 89.5 92.0 85.1-100 2.0
7 rt-PA <1h (n=6,505) 36.5 28.1 12.5-47.4 4.2
8 Antiplatelet <48h (n=8,006) 34.5 31.3 0.25-41.5 1.2
9 Discharge on antiplatelet (n=4,343) 48.8 50.0 34.8-62.5 0.0
10 Discharge on anticoagulation (n=3,054) 75.8 83.3 64.6-95.0 0.1
11 Discharge on statin (n=2,128) 31.2 25.0 10.9-43.8 4.2
12  Discharge on antihypertensive (n=3,934) 53.6 54.5 39.5-68.1 0.1
13  DVT prophylaxis (n=8,089) 35.7 26.6 7.0-57.1 0.2
14 Early rehabilitation (n=8,089) 58.1 57.5 32.1-77.7 0.2
15  Dysphagia screening (n=7,362) 76.3 85.5 54.1-100 0.6
16 Smoking cessation (n=1,119) 58.1 66.7 0-100 0.2
17  Stroke education (n=7,315) 70.9 89.7 21.5-100 1.2
Adherence rate, % L.
(B) Qs for CSCs Average Each hospital vﬂ':::go
Median IQR
1 Door-to-brain and vascular imaging time <30 min (n=5,898) 46.2 36.7 18.3-66.9 245
2 Proper endovascular recanalization (n=3,115) 86.2 95.5 75.4-100 2.2
3 rt-PA before endovascular recanalization (n=2,224) 65.5 66.7 56.7-82.9 2.4
4 TICI grade 2b/3 (n=2,762) 72.9 72.6 60.0-83.1 1.2
5 DTP <140min (n=2,403) 72.3 66.7 36.8-85.9 5.6
6 Hemorrhagic complication (n=7,999) 7.7 5.5 0-10.9 2.5
7  90-day mRS documentation (n=7,372) 56.7 62.0 35.4-90.7 0.5
12 Complication after angiography (n=743) 6.5 0 0-0 0.4
Patient level
(C) Qls for CSCs -
Median IQR
1 Door-to-brain and vascular imaging time, min 33 20-59
5 DTP, min 105 76-149

See the Methods section for definitions of QI adherence rate and missing values. Numbers shown in the title of each QI indicates the target
population for it (denominator). DTI, door-to-image; DTN, door-to-needle; DTP, door-to-puncture; DVT, deep venous thrombosis; TICI, Throm-

bolysis in Cerebral Infarction. Other abbreviations as in Tables 1,2.

tate the efficient measurement of QIs. The target patients
were identified from the DPC database according to ICD-
10 codes. To reduce the burden on participating hospitals,
60% of the data for calculating the QIs was obtained from
the DPC database and preset in the CTGS QI Measure-
ment Tool (Table 1). The Tool was then sent to the par-
ticipating hospitals, and the responsible physicians or
health information managers were asked to review the
accuracy of the preset data and add further information
(including timings and National Institute of Health Stroke
Scale [NIHSS] scores) from the EMR (Figure 1). These
processes also acted as a validation study for the DPC
database. We used physicians’ corrected data as the refer-
ence standard to evaluate the validity of the DPC data.
The proportions of correctly matched measurements
(accuracy), as well as the sensitivity/specificity and positive/
negative predictive values (PPV/NPV) for the preset DPC

data, were calculated. To evaluate the efficiency of the
CTGS QI Measurement Tool, we asked 3 neurosurgical
residents to apply the Tool to 6 cases using EMRs with and
without preset DPC data, and then compared the time (in
seconds) required to complete this task.

Patient and Hospital Characteristics

Details about patients admitted for AIS (ICD-10 codes:
163.0-163.9) or TIA (G45) were acquired through retro-
spective identification using the ICD-10 codes. Patients
who received IV rt-PA and/or EVT between January 1,
2013 and December 31, 2015 were included in the study.
Patients aged <18 years on admission were excluded.

Ethics Statement
This study was approved by the Kyushu University Insti-
tutional Review Board, which waived the requirement for

Circulation Journal Vol.85, February 2021
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Table 4. Results of the Validation Study
Preset measurements from DPC database
Comorbidities
Patients with hypertension
Patients with diabetes mellitus
Patients with dyslipidemia
Patients with atrial fibrillation
Patients with smoking
Treatments and procedures
IV rt-PA
EVT
IV rt-PA and EVT
Diagnostic neuroangiography performed
Patients underwent carotid ultrasonography
Antiplatelet therapy performed in the hospital
Antiplatelet prescribed at discharge
Anticoagulation prescribed at discharge
Statin prescribed at discharge
Antihypertensive agents prescribed at discharge
DVT prophylaxis performed
PT or OT performed within 2 days of arrival
Complications and outcome
Death developed within 24 h of diagnostic neuroangiography
Onset-to-door time of ischemic stroke
mRS at discharge

Accuracy  Sensitivity  Specificity PPV NPV
93.1 98.8 88.2 87.8 98.8
98.1 98.9 97.9 90.8 99.8
96.5 96.4 99.3 86.9 99.3
96.4 92.0 94.7 92.0 99.5
56.7 NA
99.5 99.6 98.9 99.8 97.8
98.6 99.3 99.2 98.5 99.6
98.7 98.7 98.8 97.7 99.3
94.5 97.5 941 69.4 99.6
96.9 98.8 95.0 98.7 98.7
98.4 97.3 99.2 98.0 98.0
97.1 99.4 96.2 90.5 99.8
94.7 99.3 91.5 89.3 99.5
98.3 99.4 98.1 92.4 99.9
95.7 98.8 94.0 89.6 99.3
96.1 90.7 99.3 98.8 94.6
98.1 99.9 96.0 96.9 99.8
99.2 100.0 99.9 23.1 100.0
99.0 NA
89.8 NA

Values expressed as percentages. NA, Not assessed because measurements with >2 items required selection from the form in the Tool (e.g.,
smoking: non-smoker, current smoker, unknown; onset-to-door time of ischemic stroke: within 3 days, 4-7 days, 8 days or more, asymptomatic,
unknown; mRS: 0, 1, 2, 3, 4, 5, 6, unknown). PPV/NPV, positive/negative predictive values; PT or OT, physiotherapy or occupational therapy.

Other abbreviations as in Table 1.

informed consent from the participants.

Statistical Analysis

All continuous variables are presented as mean+standard
deviation or, for variables with skewed distribution, as
median (interquartile range: IQR). Non-continuous and
categorical variables are presented as frequencies or per-
centages. The adherence to each QI was calculated for each
hospital and then averaged. The Pearson X? (hospital char-
acteristics) and Wilcoxon rank-sum tests (time intervals)
on SAS 9.4 (SAS Institute, Cary, NC, USA) and STATA
14 (Stata Corp, College Station, TX, USA) were used for
all analyses. All reported P values were two-tailed, and
P<0.05 was considered statistically significant.

Results

We found 15,155 eligible patients admitted to 501 hospitals
engaged in the J-ASPECT study (Figure 2). Among them,
250 hospitals agreed to participate in this study. Hospitals
that provided incomplete medical history data or received
fewer than 10 AIS patients treated with IV rt-PA and/or
EVT were excluded. The final sample consisted of 8,206
AIS admissions to 172 hospitals. The characteristics of
participants included in this study are shown in Table 2A.
Of those patients who received rt-PA or EVT (83.7 and
34.9%, respectively), functional independence (defined as a
modified Rankin Scale [mRS] score of 0-2) at discharge
was achieved in 37.7%. In approximately 60% of the
patients, 90-day mRS scores were documented and 46.2%
of these patients were functionally independent at that

time point. With regards to the characteristics of the par-
ticipating hospitals (Table 2B), there were no geographic
differences, but academic hospitals with more beds and
case volumes were more likely to join this study. In the
final sample, 17.4% were academic hospitals, and the median
bed number was 427 (IQR: 277-619). The median number
of eligible patients in each hospital was 35 (IQR: 19-63).

CTGS QI Adherence Rates and Performance/Safety Measures
Of the 17 PSC QIs, adherence rates were high in 7, inter-
mediate in 5, and low in 5 measures (Table 3A). Low
adherence rates were seen for door-to-needle (DTN) time
within 1h, number of antiplatelet medications adminis-
tered within 48h, discharge on antiplatelet medication,
discharge on statin, and deep venous thrombosis (DVT)
prophylaxis. Of the CSC QIs, the median door-to-multi-
modal computed tomography (CT) or magnetic resonance
angiography (door-to-brain and vascular) time and the
door-to-puncture (DTP) time were 33 and 105 min, respec-
tively, and the adherence rates were 46.2 and 72.3%,
respectively (Table 3B,C). Over 65.5% of patients received
IV rt-PA prior to EVT. TICI grade 2b or 3 recanalization
was achieved in 72.9% of eligible patients, and rates of all
safety measures were lower than 8%. There was great vari-
ability across hospitals for the QIs, excepting severity (PSC
1), diagnosis (PSC 3,4), and safety measures (CSC 6,12;
Supplementary File).

Feasibility of the CTGS Program and Validation Study for
the DPC Database
The frequency of missing values was high for CSC 1 and 5,

Circulation Journal Vol.85, February 2021
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and PSC 2, 7 and 11, which required collection of exact
times or laboratory data from the EMRs, whereas the
frequency of missing values for the remainder of the QIs
was below 3% (Table 3).

As for the preset data from the DPC database, except
for smoking resulting in accuracy of 56.7%, the accuracy
was over 90% (Table 4). In addition, both sensitivity and
specificity were over 90%, except for patients with hyper-
tension. Here, the specificity was 88.2.

With regard to the efficiency of the CTGS QI Measurement
Tool, the average time required to complete the form was
shorter when the DPC data was preset (396117 vs.
1,016£281s; P<0.05).

Discussion

Our study demonstrated the feasibility and validity of mea-
suring QIs for AIS patients who received IV rt-PA or EVT,
by combining information from a health insurance claims
database and EMRs. All of the target QIs were success-
fully measured.

Vascular imaging should be performed at the same time
as CT/magnetic resonance imaging (MRI) to facilitate
decisions regarding the administration of IV rt-PA; in our
study, the QI for brain and vascular imaging demonstrated
low adherence, while that for CT/MRI had high adher-
ence. In Japan, the number of MRI scanners per popula-
tion is high, and a post-marketing survey of IV rt-PA
showed a high proportion of patients received initial CT
screening with optional MRI prior to thrombolysis.!”-18
Although this imaging strategy is feasible, it did result in
an additional 30-min in-hospital delay in the administra-
tion of rt-PA.18 It is important to note that this study col-
lected data on patients hospitalized between 2013 and
2015, so physicians did not fully recognize the importance
of early imaging for patients with ischemic stroke arriving
within 3.5-6h of symptom onset. Newer trials use imaging
selection in the extended time windows for EVT, regardless
of onset-to-door time, and thus increasing efforts are being
made to reduce DTN or DTP times worldwide.!%2® Previ-
ous research on improving in-hospital workflow has shown
it can reduce in-hospital delays.?1-23

We found higher adherence rates for diagnosis (PSC
2-4), but lower adherence rates for acute medication (PSC
7 and 8) and initiation of secondary prevention (PSC 9-12).
Such differences in adherence rates might be explained by
differences in healthcare policy, guidelines, and the clinical
characteristics of patients in the studies. First, only patients
who received IV rt-PA or EVT were included in this study.
Because the use of antiplatelets in the first 24 h after the
administration of IV rt-PA is not usually recommended,
the observed low adherence rate for the ‘antiplatelets
within 48h’ QI in our study may be explained by patient
selection. Second, argatroban, a selective thrombin inhibi-
tor developed in Japan, is recommended to be given within
2 days of stroke onset in Japanese but not in European
guidelines.2* Despite a lack of scientific evidence, the Japanese
guidelines also describe the use of heparin in patients
within 48 h of onset of AIS.

With regard to the QI on discharging patients on anti-
platelet medication, it must be highlighted that adherence
to this may be low if the responsible physicians chooses to
prescribe anticoagulation for patients with suspected par-
oxysmal atrial fibrillation. The Japanese guidelines gave a
weak recommendation (Grade C1) for dyslipidemia con-

trol in the prevention of recurrent cerebral infarction.
Whether statins increase the risk of intracranial hemor-
rhage in patients with a previous stroke, and exactly when
to start statins (immediately post-stroke or later), remain
unclear.? In addition, the high prevalence of cerebral hem-
orrhage in Asia might have affected the low adherence rate
for statins.?6 A recent systematic review and meta-analysis
of 43 studies found that, in patients with previous AIS,
statins were associated with a non-significant increase in
intracranial hemorrhage, but simultaneously a significantly
lower risk of recurrent AIS, death, and poor functional
outcomes.?’ Continuous QI measurement may contribute
to promoting adherence to the guideline, but should be
revised at regular intervals on publication of new evidence
and feasibility of reliable measurement with a given collec-
tion method. Further examination of measuring these QIs
in this system might be necessary in the future.

The reason for the high interquartile range and low
median score for access to a stroke unit (SU) in this study
remains uncertain. The SU signifies an acute stroke team
with or without a designated stroke ward, and provides a
constant and consistent range of acute stroke therapies.
Until recently in Japan, however, the SU has not been
officially certified, which may explain the relatively low
recognition of the importance of organized stroke care in
the SU. In line with this, relatively low adherence rates for
early rehabilitation and dysphagia screening were observed
in our study (57.6% and 77.2%, respectively). On the other
hand, in Japan the stroke care unit (SCU), a ward with
advanced intensive care for acute stroke patients, has been
certified and implemented.?* Reimbursement of medical
fees is given for treatment in the SCU, but not the SU, in
Japan. These facts might explain the high interquartile
range and low median score for access to a SU, although
factors influencing access to SU care are poorly defined. A
previous study from the German Stroke Register Study
Group (ADSR) showed that ischemic stroke patients with-
out disturbance of consciousness, an interval onset to
admission time <3 h, and weekend admission were more
likely to be directly admitted to a SU.28 Because SUs were
officially certified in 2019 in Japan, further studies are nec-
essary to identify factors associated with admission to SUs.

Furthermore, the much lower adherence rate of DVT
prophylaxis deserves special discussion. Although DVT is
considered to be rare in immobilized patients in Asia,?
Kawase et al have previously demonstrated a high inci-
dence (16-45%) of (mostly asymptomatic) DVT among
patients with a stroke in Japan, as diagnosed by ultraso-
nography.3® This suggests more active intervention may be
necessary in the prophylaxis of DVT.

Because the CSC QIs in this study were calculated in
patients admitted between January 1, 2013 and December
31, 2015, we compared these QIs with the report from the
HERMES collaborators.3! We observed excellent results
in patients achieving mTICI >2b or 3, and in patients with
hemorrhagic complications after EVT (Table 3B). In ran-
domized controlled endovascular trials, the proportion of
patients independent (mRS score of 0-2) at 90 days ranged
from 33% to 71%, with an overall aggregate rate of
46.0%.3133 We included all patients with stroke due to
occlusion in all vascular territories. Consequently, the rate
of independence at 90 days for EVT-treated patients
(38.9%) seemed to be acceptable in this study period.
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Study Limitations

First, as only AIS patients receiving IV rt-PA and/or EVT
were included, there is a possibility that patient selection
might have introduced bias into our analyses. Because
patients who were appropriate candidates for IV rt-PA and
EVT but did not receive it were excluded from our study,
our adherence results for some QIs, especially PSC 6 and
CSC 2, could be artificially high. Second, there was also a
selection bias in the participating hospitals. As 50% of the
participating hospitals treated more than 300 stroke
patients annually, and most of the participating hospitals
were categorized as medium or large, the hospitals involved
in our study may be considered ‘top-performing’ hospitals.
Furthermore, hospitals actively working to improve stroke
care were more likely to respond to a voluntary study such
as ours. Third, there were some limitations in using the
DPC database. Only 2 primary diagnoses and up to 4
comorbidities can be recorded in the DPC database and,
even when comorbidities were recognized, some of them
might not have been recorded when all 4 ‘slots’ for comor-
bidities were occupied.!? Fourth, we cannot exclude the
possibility that the same patients may have been counted
twice or more in the DPC database if readmitted or trans-
ferred to another hospital. Fifth, the DPC database was
allowed to select “unknown” answer from multiple choices
in a certain item (e.g., for the smoking category, ‘non-
smoker,” ‘current smoker,” and ‘unknown’), so this may
have affected the accuracy of the DPC database; for exam-
ple, smoking cessation. The accuracy of the preset data
from the DPC database may not affect final results of the
measured QIs, because physicians generally change the
preset DPC data based on the EMRs. This procedure,
however, may increase the burden on responsible physi-
cians to measure the defined QIs. Therefore, continuous
effort is required to improve efficiency and collection of the
defined QI.

Future Directions

The association between the adherence rate of each QI and
outcome remains uncertain and requires further investiga-
tion. Recently, composite performance measures have
become increasingly used when reporting on the quality of
stroke care.33¢ Because the number of developed QIs in
the CTGS initiatives is high, composite performance mea-
sures may reduce the information burden by distilling the
available indicators into a simple summary. To develop a
composite performance measure, weighting of each QI
would need to account for their clinical importance or
relationship with outcome. Because CSCs are not yet certi-
fied, the hospitals’ characteristics are mixed. The QIs for
CSCs would act as quality controls among hospitals and
would serve as the baseline for certification. We plan to
conduct a cluster-randomized quality improvement trial,
using QIs with low adherence and great variability, such as
medication at discharge (PSC9-12) or DTN (PSC 7), ran-
domizing hospitals to QI intervention plus indicator feed-
back vs. indicator feedback alone, to prove the effectiveness
of QIs.

Conclusions

The CTGS program is the first nationwide quality improve-
ment initiative in stroke and allows prospective evaluation
of quality of acute stroke care in Japan. The DPC database
contributed to evaluation of the QIs through efficient data

collection at low cost and less administrative burden. This
multifaceted quality improvement intervention is useful in
promoting the optimal use of evidence-based interventions
for the management of AIS and TIA.
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