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BACKGROUND: Quality indicators (QIs) are an accepted tool for measuring a hospital’s performance in routine care. We 
examined national trends in adherence to the QIs developed by the Close The Gap-Stroke program by combining data from 
the health insurance claims database and electronic medical records, and the association between adherence to these QIs 
and early outcomes in patients with acute ischemic stroke in Japan.

METHODS: In the present study, patients with acute ischemic stroke who received acute reperfusion therapy in 351 Close 
The Gap-Stroke-participating hospitals were analyzed retrospectively. The primary outcomes were changes in trends for 
adherence to the defined QIs by difference-in-difference analysis and the effects of adherence to distinct QIs on in-hospital 
outcomes at the individual level. A mixed logistic regression model was adjusted for patient and hospital characteristics (eg, 
age, sex, number of beds) and hospital units as random effects.

RESULTS: Between 2013 and 2017, 21 651 patients (median age, 77 years; 43.0% female) were assessed. Of the 25 
defined measures, marked and sustainable improvement in the adherence rates was observed for door-to-needle time, 
door-to-puncture time, proper use of endovascular thrombectomy, and successful revascularization. The in-hospital mortality 
rate was 11.6%. Adherence to 14 QIs lowered the odds of in-hospital mortality (odds ratio [95% CI], door-to-needle <60 
min, 0.80 [0.69–0.93], door-to-puncture <90 min, 0.80 [0.67–0.96], successful revascularization, 0.40 [0.34–0.48]), and 
adherence to 11 QIs increased the odds of functional independence (modified Rankin Scale score 0–2) at discharge.

CONCLUSIONS: We demonstrated national marked and sustainable improvement in adherence to door-to-needle time, door-
to-puncture time, and successful reperfusion from 2013 to 2017 in Japan in patients with acute ischemic stroke. Adhering 
to the key QIs substantially affected in-hospital outcomes, underlining the importance of monitoring the quality of care using 
evidence-based QIs and the nationwide Close The Gap-Stroke program.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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There is substantial evidence regarding effective 
strategies for stroke treatment, management, and 
prevention that have been translated into several 

international and national clinical guidelines.1,2 Qual-
ity indicators (QIs) are widely used tools for measur-
ing the performance of individual hospitals in delivering 
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appropriate stroke care. There are several initiatives in 
Europe and the United States to define QIs in a standard-
ized, evidence-based way for national implementation.3,4

The J-ASPECT study (a nationwide survey of Acute 
Stroke Care Capacity for Proper Designation of Com-
prehensive Stroke Center in Japan) was launched in 
2010 as the first nationwide survey of acute stroke 
clinical practices using data from the Japanese health 
insurance claims database.5 The J-ASPECT study group 
further launched the Close The Gap-Stroke (CTGS) 
program, the first nationwide quality improvement initia-
tive in Japan, to develop standardized QIs for primary 
stroke centers (PSCs) and comprehensive stroke cen-
ters (CSCs).6 This program developed a QI measuring 
tool by combining data from electronic medical records 
and the health insurance claim database to reduce the 
burden on physicians and medical information managers 
in participating hospitals.7 Using this novel approach, our 
previous study conducted in 2017 demonstrated that 
all target QIs for acute ischemic stroke (AIS) were suc-
cessfully obtained with minimal missing data from 8206 
patients treated with intravenous r-tPA (recombinant 
tissue-type plasminogen activators) or endovascular 
thrombectomy (EVT) from 172 hospitals between 2013 
and 2015.7 Pivotal trials for AIS in 2015 established 
EVT as the standard care for patients with large vessel 
occlusion-related AIS.8 However, national trends regard-
ing the adherence to the defined QIs in stroke centers 
in response to such paradigm shift remain unclear. Thus, 
we conducted the second CTGS survey in 2020 to 
compare national trends in the QI adherence before and 
after the publication of the pivotal trial.8

Furthermore, uncertainty exists about whether quality 
improvement strategies translate into better patient out-
comes.9,10 The data regarding the association between 
QI adherence and patient outcomes are inconsistent, 

ranging from a positive relationship to no relationship 
between increased adherence to process measures 
and patient outcome.9–12 We explored the association 
between the quality of acute stroke care measured by 
the CTGS program7 and the clinical outcomes at dis-
charge, defined as in-hospital death and functional inde-
pendence (modified Rankin Scale score of 0–2).

METHODS
Participation in the CTGS program in the J-ASPECT study 
was voluntary and undertaken in collaboration with the Japan 
Neurosurgical Society and the Japan Stroke Society.5,13 
The PSCs in Japan were encouraged to participate in the 
J-ASPECT study and the CTGS program in Japan as part of 
the 5-year plan to conquer stroke and cardiovascular diseases 
by the Japan Neurosurgical Society and Japan Stroke Society. 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request. The 
manuscript was prepared in accordance with the RECORD 
(The Reporting of Studies Conducted Using Observational 
Routinely Collected Health Data) reporting guidelines.14

In this study, we retrospectively identified 32 915 AIS 
patients who received r-tPA infusion or EVT from January 2013 
to December 2017 from the Diagnosis Procedure Combination 
claim database of 610 hospitals participating in the J-ASPECT 
Study5,13; patients aged <18 years on admission were excluded 
(Figure 1). Among these hospitals, 421 hospitals (22 310 
patients) agreed to participate in the CTGS program. After 
6352 patients were excluded due to incomplete data (5732 
patients) and low hospital case volume (<5 per year) of r-tPA 
or EVT (620 patients in 69 hospitals), 21 651 patients with AIS 
from 351 hospitals were included in the final dataset.

CTGS QIs and Measurement Tool
Details of the CTGS and evidence-based QIs have been pub-
lished previously.6,7 In brief, 17 QIs for PSCs reflect basic stroke 
care, whereas 12 QIs for CSCs reflect advanced stroke care 
(Table S1). Of the 29 QIs in total, 4 related to subarachnoid hem-
orrhage and nontraumatic intracerebral hemorrhage for CSCs 
(indicators 8–11) were excluded; only QIs relevant to AIS were 
selected for this study. The selected QIs evaluated diagnosis 
(PSC 1–4 and CSC 1), acute medications and procedures (PSC 
6–8 and CSC 2–4), initiation of secondary preventive treatments 
(PSC 9–12), multidisciplinary team care and prevention of com-
plications (PSC 5, 13–15), patient education (PSC 16, 17), and 
post-discharge assessment (CSC 7). Symptomatic intracranial 
hemorrhage (CSC 6) and stroke or death within 24 hours of 
diagnostic angiography (CSC 12) were used to evaluate safety 
measures. Some QIs are time metrics (PSC 2, 7 and CSC 1, 
5) and intermediary outcome measures (CSC 4). Time intervals 
for the door-to-intracranial vascular imaging (DTVI) time and the 
door-to-puncture (DTP) time were set at 30 and 140 minutes, 
respectively, according to the QIs for EVT.15 Two additional time 
intervals (60 and 90 minutes) for DTP were also added.16

The CTGS measurement tool was developed to efficiently 
measure QIs by combining data from electronic medical 
records and the health insurance claim database.7 The research 
office set relevant data (60% of the data to calculate 25 QIs) 

Nonstandard Abbreviations and Acronyms

AIS acute ischemic stroke
CSC comprehensive stroke center
CTGS Close The Gap-Stroke
DTN door-to-needle
DTP door-to-puncture
DTVI door-to-intracranial vascular imaging
DVT deep venous thrombosis
EVT endovascular thrombectomy
NIHSS  National Institutes of Health Stroke 

Scale
PSC primary stroke center
QI quality indicator
r-tPA  recombinant tissue-type plasminogen 

activators
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from the Diagnosis Procedure Combination database in the 
CTGS tool, and sent this tool to the participating hospitals. The 
responsive physicians (the CTGS collaborators) in those hos-
pitals were asked to review the preset data and add neces-
sary information (eg, the National Institutes of Health Stroke 
Scale [NIHSS] score, door-to-needle [DTN] time, etc) from the 
electronic medical records. The completed dataset was then 
returned to the research office for cleaning data (eg, removing 
duplicates, erasing incomplete data, etc).7 Adherence to each 
QI was calculated at the individual patient level.

Ethics Statement
This study was approved by the National Cerebral and 
Cardiovascular Center Institutional Review Board (R20058-2), 
which waived the requirement for informed consent from the 
participants.

Statistical Analyses
The primary outcomes were trends in adherence rates to the 
defined QIs over the study period, and the effects of adherence 
on death and functional independence at discharge on an indi-
vidual level. All continuous variables are presented as medians 
(interquartile range). Noncontinuous and categorical variables 
are presented as frequencies or percentages. Changes in cat-
egorical variables were evaluated using the Cochran-Armitage 
test for trends, and changes in continuous variables were 
evaluated using the Jonckheere-Terpstra test for trends. We 
used a mixed logistic regression model using hospital units as 
a random effect to investigate trends in adherence to the QIs 
before and after the publication of the 2015 EVT trial; these 
are expressed by odds ratios (ORs) of adherence to the QIs per 
year and their 95% CIs. Additionally, we reported difference-in-
difference estimates of adherence per year using ORs and 95% 
CIs. As for the assessments of QI and clinical outcomes, ORs 
and 95% CIs were calculated using a mixed logistic regres-
sion model adjusted for patient characteristics (eg, age, sex, 

and severity at admission measured by the NIHSS), comorbidi-
ties (eg, hypertension, diabetes, hyperlipidemia, atrial fibrillation, 
smoking status, and all AIS subtypes), and hospital characteris-
tics (eg, the number of beds, annual stroke discharge, teaching 
status, and geographic factors categorized by location accord-
ing to the 2015 governmental population density data) as fixed 
effects and hospital units as random effect. Each measure for 
which a patient was eligible contributed an observation in this 
analysis, and the outcome was a dichotomized variable indicat-
ing whether the care opportunity was fulfilled.1 This study did 
not analyze the effect of adherence to QIs related to second-
ary preventive measures (eg, discharge on antiplatelet or anti-
coagulation medication) on in-hospital outcomes at discharge. 
For the safety measures, avoiding complications, not the occur-
rence, was assessed.

All statistical analyses were conducted using STATA 15 
(StataCorp, College Station, TX). All statistical analyses were 
2-tailed, and statistical significance was set at P<0.05.

RESULTS
Trends in Patient and Hospital Characteristics
Table presents the patient demographics and clinical 
outcomes in the final dataset. The median age was 
77 years (interquartile range, 68–84), 43.0% were 
female, ≈60% had a cardioembolic stroke, the median 
NIHSS score was 14 (interquartile range, 7–21), and 
78.5% and 42.8% of patients received r-tPA and EVT, 
respectively. Of those enrolled, functional indepen-
dence was achieved in 37.9% and 47.8% at discharge 
and at 90 days, respectively. These patients were 
older, less likely to be atherothrombotic, hyperten-
sive, and have severe stroke, and were more likely to 
receive EVT than those excluded due to low hospital 
case volume (Table S3).

Figure 1. Inclusion criteria flow chart.
EVT indicates endovascular thrombectomy; J-ASPECT study, A Nationwide Survey of Acute Stroke Care Capacity for Proper Designation of 
Comprehensive Stroke Center in Japan; and r-tPA, recombinant tissue-type plasminogen activators.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.038483
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Over the study period, the proportion of women, lacu-
nar infarction, patients with any comorbidity, and those 
using anticoagulation medication before hospitalization 
increased (Table). The proportion of patients receiving 
r-tPA decreased, whereas those receiving EVT with or 
without r-tPA increased. Despite no considerable change 
in stroke severity, the proportion of deaths at discharge 
(from 10.1%–8.5%) and 90-day mortality (from 18.8%–
15.8%) decreased, but the proportion of patients with 
functional independence at discharge or 90-day follow-
up did not change.

Temporal Changes in the CTGS QIs From 2010 
to 2017
Of the 25 defined measures compared with 2013 base-
line levels, 5 QIs (DTN time <60 min, proper use of EVT, 

DTP time <90 min, DTP time <60 min, and successful 
revascularization after EVT) showed marked improve-
ment in 2017. Furthermore, 2 QI measures (dysphagia 
screening and early rehabilitation) demonstrated a mod-
erate increase in adherence in 2017. Figure 2 illustrates 
ORs of adherence to the individual CTGS QIs by year 
during the study period before and after 2015, and 
compares the changes in trends in adherence by year 
between before and after 2015.

The QIs were classified into 4 groups according to 
ORs of adherence to the QI by year before and after 
2015. Among 25 QIs, ORs of adherence to 6 QIs by 
year were significant both before and after 2015 (eg, 
NIHSS documentation, DTP time, successful reperfu-
sion, etc), and 3 of them (eg, DTP time <60 min, etc) 
showed significant changes in trends in adherence 
between before and after 2015. As for 12 QIs (eg, 

Table. Characteristics of Patients in the Close The Gap-Stroke Program

Patient characteristics (n=21 651)

 2013 2014 2015 2016 2017 5 y 

Overall (n=2137) (n=2777) (n=3730) (n=5712) (n=7295) Trend P

Demographics

 Age, y* 77 (68–84) 76 (67–83) 77 (68–83) 77 (68–84) 77 (68–84) 77 (69–84) <0.0001†

 Female gender 43.0 41.0 42.7 42.3 42.1 44.7 0.0032†

Stroke subtype

 Atherothrombotic 23.5 23.6 25.0 23.0 24.1 22.7 0.0609

 Cardioembolic 60.2 60.6 60.7 61.1 59.3 60.2 0.2382

 Lacunar 4.3 3.9 3.4 4.5 4.2 4.6 0.031†

 Others or unknown 12.1 11.8 10.9 11.5 12.4 12.6 0.0048†

 Comorbidity

 Hypertension 53.5 51.8 52.3 52.1 54.8 54.1 0.0062†

 Diabetes 19.9 18.7 18.2 19.5 21.0 20.2 0.0072†

 Hyperlipidemia 24.2 22.2 21.8 22.6 25.0 26.0 <0.0001†

 Atrial Fibrillation 43.7 41.3 41.1 40.6 44.4 46.5 <0.0001†

 Current smoking 16.8 17.1 16.9 16.7 17.8 16.0 0.2943

 NIHSS scores on admission* 14 (7–21) 14 (8–21) 14 (7–20) 14 (7–21) 14 (7–20) 14 (7–21) 0.905

Treatment

 IV r-tPA only 56.3 75.3 66.5 57.5 55.1 47.1 <0.0001†

 EVT only 21.4 11.1 15.7 20.2 21.8 27.0 <0.0001†

 IV r-tPA+EVT 22.3 13.6 17.8 22.3 23.1 26.0 <0.0001†

 Successful recanalization 76.1 62.0 71.5 78.5 79.9 80.7 <0.0001†

 Hospitalization days* 23 (14–37) 24 (14–40) 24 (14–39) 23 (14–39) 22 (14–37) 23 (14–36) 0.0021†

Clinical outcomes

 In-hospital death 8.8 10.1 9.6 8.8 8.4 8.5 0.0077†

 90-day mortality (n=13 821) 16.3 18.8 17.9 16.4 15.2 15.8 0.0014†

Functional independence (mRS score 0–2)

 At discharge 37.9 37.6 36.9 39.5 38.5 37.1 0.6304

 At 90 days after discharge (n=13 707) 47.8 47.7 44.2 48.9 48.9 48.1 0.0907

The values are expressed as percentages unless otherwise indicated. Significance was assessed using the Cochran-Armitage test for categorical outcomes and the 
Jonckheere-Terpstra test for continuous outcomes. EVT indicates endovascular thrombectomy; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke 
Scale; and r-tPA, recombinant tissue-type plasminogen activators.

*Median (interquartile range).
†Significant differences (P<0.05).
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Figure 2. The Close The Gap-Stroke program quality indicators and change of trend before and after 2015.
Odds ratios (ORs) and 95% CIs for the change in trend of adherence were calculated using a mixed logistic regression model and 
hospital units as a random effect. The estimated OR and 95% CI of change in trend per year is represented by the squares and horizontal 
lines, respectively. Open and closed squares represent before and after the publication of the 2015 EVT trial, respectively. CSC indicates 
comprehensive stroke centers; CT, computed tomography; DID, difference-in-difference; DVT, deep vein thrombosis; EVT, endovascular 
thrombectomy; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; PSCs, 
primary stroke centers; and r-tPA, recombinant tissue-type plasminogen activators. *Significant difference in DID analysis (P<0.05). **Overall 
adherence rates at the individual level are listed.
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DTN time, DTVI time, symptomatic intracranial hemor-
rhage after r-tPA or EVT, stroke unit care, etc), ORs of 
adherence by year were significant only after 2015, 
and 4 QIs of them (eg, DTN time, DTVI time, etc) dem-
onstrated significant change in trends in adherence 
between before and after 2015. As for dysphagia 
screening, OR of adherence by year were significant 
only before 2015, and no change of trends in adher-
ence between before and after 2015 was observed. 
Regarding the remaining 6 QIs (eg, computed tomog-
raphy/magnetic resonance imaging within 24 hours 
of arrival, IV r-tPA before EVT, etc), there were no sig-
nificant changes in trends in adherence both before 
and after 2015.

Overall, 7 QIs demonstrated significant changes in 
trends in adherence between before and after 2015. 
Compared with ORs of adherence per year before 2015, 
ORs per year after 2015 was significantly larger in 4 QIs, 
mainly related to time metrics, but smaller in 3 QIs (eg, 
NIHSS score documentation, successful recanalization, 
symptomatic intracranial hemorrhage after r-tPA or EVT).

Associations Between QI Adherence and 
Clinical Outcomes
Figure 3 presents the associations between QI adher-
ence and clinical outcomes at the patient level. Five time-
associated QIs (DTI time <25 min, DTVI time <30 min, 
DTN time <60 min, DTP time <140 and <90 min) were 
associated with reduced in-hospital mortality. In contrast, 
only 2 measures (DTVI time <30min, DTP time <140 min) 
showed an association with increased functional inde-
pendence. All measures related to acute medication and 
procedures, except CSC 2 (received proper endovascular 
recanalization), were associated with reduced in-hospital 
mortality and increased functional independence. Stroke 
unit care and dysphagia screening were associated with 
reduced in-hospital death and increased functional inde-
pendence. In contrast, deep venous thrombosis (DVT) 
prophylaxis was associated with increased in-hospital 
mortality and decreased independence. Early rehabilita-
tion was associated with reduced in-hospital death but 
decreased functional independence.

DISCUSSION
This study examined national trends for adherence to evi-
dence-based QIs related to stroke centers in Japan from 
2013 to 2017 in AIS patients receiving r-tPA and EVT 
using data from a nationwide quality improvement initia-
tive, the CTGS program.7 Furthermore, we explored the 
association between adherence rates and clinical out-
comes. Among 25 QIs, 18 QIs showed significant ORs of 
adherence per year after publication of the pivotal trials 
in 2015, compared with 7 QIs before 2015. However, the 
remaining 6 QIs demonstrated no significant trends over 

the study period both before and after 2015. We also 
found an association between adherence to 14 of the 20 
(25–5 QI: secondary prevention 5, IV r-tPA before EVT) 
QIs and reduced in-hospital death. Similarly, 11 of the 20 
QIs were associated with increased functional indepen-
dence at the patient level. This nationwide study demon-
strated significant gaps in adherence to evidence-based 
QIs and association between adherence to individual 
evidence-based QIs and clinical outcomes of patients 
who received acute reperfusion therapy; it underlines the 
importance of nationally monitoring the quality of care by 
using QIs in the CTGS program.

Trends in the QI Adherence Rates Related to 
Stroke Centers in Japan
Our previous study enrolled the eligible cases from 2013 
to 2015 and demonstrated that 5 QIs for PSCs (includ-
ing DTN time <60 min) and one QI for CSCs (DTVI time 
<30 min) had low adherence rates.7 This study added 
the cases from the second survey conducted in 2017 
to demonstrate national trends in adherence per year to 
QIs related to stroke centers before and after the pivotal 
EVT for AIS trial was published.8 Among 25 QIs, ORs 
of adherence by year were significant in 7 QIs before 
2015 but in 18 after 2015. Using difference-in-differ-
ence analysis, we found changes of trends in adherence 
to QIs related to time metrics for diagnosis (eg, DTI time, 
DTVI time), and for EVT (eg, DTP time) and stroke edu-
cation. This may be explained by increased awareness of 
timely EVT treatment with improved in-hospital workflow 
among medical professionals.17 However, smaller OR of 
adherence by year to successful revascularization and 
NIHSS documentation after 2015 compared with that 
in before 2015, may reflect rapid increase of thrombec-
tomy-capable hospitals with lower number of endovas-
cular specialists per hospital18 or changing indications of 
EVT after 2015 in a real-world situation in Japan. Further 
study is necessary to answer this question.

According to a 2017 systematic review,9 the most 
common key performance indicators (KPIs) for stroke 
care quality were swallowing/nutritional assessment, 
stroke unit admission, antiplatelet use for ischemic stroke, 
brain imaging, anticoagulant use for ischemic stroke with 
atrial fibrillation, lipid management, DVT prophylaxis, and 
early physiotherapy/mobilization.

Low adherence to antiplatelet use within 48 hours 
of onset may be explained by the fact that ≈60% of 
patients had cardioembolic stroke and 80% of cases 
received an r-tPA infusion in this study. However, among 
patients who received antiplatelets within 48 hours, 
the proportion of atherothrombotic, cardioembolic, and 
lacunar stroke were 50.3, 24.5, and 10.4%, respec-
tively. The low adherence to DVT prophylaxis may be 
owing to the fact that only the use of foot pumping, 
which has been recommended for immobilized patients 



Ren et al Close the Gap-Stroke Program

Stroke. 2022;53:3359–3368. DOI: 10.1161/STROKEAHA.121.038483 November 2022  3365

CLINICAL AND POPULATION 
SCIENCES

by the Japanese guidelines, was counted in this study. 
Low adherence rates of statins on discharge may be 
due to the relatively high prevalence of cerebral hem-
orrhage in Asia,19 and a weak recommendation (grade 
C1) for dyslipidemia control in preventing recurrent 
ischemic strokes in Japanese guidelines. A recent sys-
tematic review and meta-analysis found that in patients 
with previous AIS, statins were associated with a sig-
nificantly lower risk of recurrent AIS, mortality, and poor 
functional outcomes.20

Regarding QIs for EVT, fast reperfusion is a modifi-
able factor associated with better clinical outcomes 
when successfully performed.21,22 A recent meta-analysis 
of pivotal trials showed that the intermediary outcome 
(ie, the rate of successful reperfusion) was higher with 
faster hospital arrival to groin puncture time.22 Over the 
5-year study period in this study, we observed a marked 
improvement in adherence to the 2 time metrics (DTN 
and DTP times) and one intermediary outcome (suc-
cessful revascularization) after EVT. The adherence to 

Figure 3. Associations between adherence to quality indicators and clinical outcomes.
A, Quality indicators (QIs) and in-hospital mortality. B, QIs and functional independence. The effect of individual adherence of QIs on clinical 
outcomes, using forest plots of odds ratios (ORs) for death (A) and a functional independence (B; modified Rankin Scale [mRS] score of 0–2 
at discharge); Estimated OR and 95% CI of each QIs is represented by the dots and horizontal lines, respectively. ORs and 95% CIs were 
calculated using a mixed logistic regression model adjusted for patient characteristics, comorbidities, and hospital characteristics as a fixed 
effect and hospital units as a random effect. Significant differences (P<0.05) are indicated in bold. CSC indicates comprehensive stroke centers; 
CT, computed tomography; DVT, deep vein thrombosis; EVT, endovascular thrombectomy; MRI, magnetic resonance imaging; NIHSS, National 
Institutes of Health Stroke Scale; r-tPA, recombinant tissue-type plasminogen activators; and TICI, Thrombolysis in Cerebral Infarction.
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these time metrics, however, remained at ≈50% in 2017. 
Furthermore, moderate improvement in adherence was 
observed in only 3 measures over the study period, sug-
gesting the urgent need to improve the quality of stroke 
care in Japan.23 The 5-year plan to conquer stroke and 
cardiovascular diseases in Japan, published in December 
2016, encouraged the JCS training institutions to partici-
pate in the CTGS program of the J-ASPECT Study.

Associations Between Adhering to QIs Related 
to Stroke Centers and Clinical Outcomes
A recent systematic review found inconsistent results 
regarding the association between distinct evidence-
based QI scores and mortality.9 Heterogeneity of the 
study design, case-mix adjustments, and the length of 
follow-up might be one explanation for the different 
results. Our study demonstrates that this CTGS program 
can solve one of the major issues associated with using 
the claims databases, the lack of the NIHSS score.

Our study found an association between the adher-
ence to 14 QIs and reduced in-hospital death. The effects 
in this study regarding stroke unit care, dysphagia screen-
ing, and antiplatelet use within 48 hours for patients 
receiving acute reperfusion therapy are comparable to 
those reported in a recent systematic review and meta-
analysis of AIS patients.9 In this study, the early rehabilita-
tion adherence had a broad confidence interval and no 
effect on in-hospital death. In contrast, DVT prophylaxis 
was associated with increased in-hospital mortality rates. 
Measuring an association between a distinct QI and out-
come has several methodological challenges that might 
also contribute to the heterogeneity of the previous study 
results.9,10 For example, many of the defined QIs on admis-
sion might affect the results of later phase QIs, such as 
early dysphagia screening and the occurrence of stroke-
related pneumonia. Of note, implementing DVT pro-
phylaxis in this study was based on using foot pumping, 
suggesting selection bias for patients with severe stroke 
after acute revascularization therapy. No significant effect 
of early mobilization or DVT prophylaxis on in-hospital 
death observed in this study is consistent with the results 
of a recent systematic review and meta-analysis.9

Regarding functional outcomes at discharge, we 
found an association between adherence to 11 QIs 
and increased functional independence at discharge. 
A recent meta-analysis showed that reduced poor out-
comes were associated with adherence to swallowing/
nutritional assessment and stroke unit admission.9

For the length of follow-up, we examined clinical out-
comes at discharge, since 61.4% of the patients at 90 
days had a modified Rankin Scale score, and there was 
no information about postacute stroke care between dis-
charge and 90 days. Although there has been increased 
global emphasis on the importance of postacute stroke 
care, stroke system changes have not been expanded to 

include postacute stroke care and follow-up, suggesting 
an urgent need for a paradigm shift for CSCs.24 A recent 
systematic review demonstrated that the median time of 
scheduled follow-up for studies reporting on the associa-
tion between individual KPIs and clinical outcomes was 
one year.9 Thus, further effort is necessary to obtain infor-
mation about postacute stroke care and recurrent stroke 
and modified Rankin Scale scores for longer periods.

Future Directions
Recent QI studies have implemented various components 
to improve care for patients with stroke or transient isch-
emic attack. Common elements of these multicomponent 
QI interventions include audit and feedback sessions 
and workshops.10 A meta-analysis of QI interventions 
provided evidence that a combination of strategies was 
more effective at reducing DTN than single-intervention 
approaches.25 We are now planning to assess CTGS QI 
adherence rate improvements over more recent years 
(2018–2020), after the 5-year plan to conquer stroke 
and cardiovascular diseases in Japan was published. 
Since we focused on in-hospital outcomes in this study, 
association between adherence to secondary prevention 
measures and long-term outcomes were not examined. 
Further study is necessary to determine whether greater 
adherence to secondary prevention medication improves 
long-term survival and quality of life after stroke.26

Study Limitations
Our study has several limitations. First, potential selec-
tion bias of the hospitals exists in terms of quality of 
stroke care. The participating hospitals are more likely 
to be active in quality improvement of stroke care, and 
hospitals with a low case volume of acute reperfusion 
therapies were excluded from the final dataset. Sec-
ond, decreased trends in r-tPA use in the AIS patients 
treated with either r-tPA or EVT in this study do not mean 
decreased r-tPA use in total eligible AIS patients. In fact, 
we reported that r-tPA and EVT use increased from 4.3 
to 6.4% and 0.2 to 3.0%, respectively, in AIS patients in 
Japan between 2010 and 2016.13

Third, no information regarding adherence to sec-
ondary prevention medication after discharge was avail-
able in this study. Fourth, information regarding factors, 
such as a living will (comfort measures only), socioeco-
nomic status, and regular discharge, were not available 
in this database. The present results of DVT prophylaxis 
and early rehabilitation, however, were associated with 
decreased functional independence; the results may be 
explained by more common use of these measures for 
patients with more severe neurological deficits. Moreover, 
a recent meta-analysis showed that DVT prophylaxis and 
early rehabilitation were not significantly associated with 
reduced poor outcome9; these QIs need to be assessed 
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with a fine change of ADL, such as the improvement of 
the Barthel index.

Conclusions
We provide national 5-year trends (from 2013 to 2017) 
in Japan regarding the adherence to evidence-based 
QIs related to stroke centers in patients with AIS receiv-
ing acute reperfusion therapy using the CTGS program. 
Marked and sustainable improvement in the adherence 
rates was observed for DTN time, DTP time, and suc-
cessful reperfusion. We found that the adherence to 
individual key QIs substantially affected in-hospital out-
comes. This study underlines the importance of nation-
ally monitoring the quality of care by using QIs in the 
CTGS program.
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