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Abstract
This study aimed to elucidate nationwide trends in reperfusion therapy utilization and subsequent 30-day mortality in acute ischemic
stroke patients in Japan. The analysis focused on intravenous recombinant tissue plasminogen activator (IV rt-PA) and endovascular
thrombectomy (EVT).
Using health insurance claims data, we calculated the age- and sex-adjusted monthly number of acute ischemic stroke patients

who received IV rt-PA and/or EVT in Japan from April 2010 to March 2016, and investigated the 30-day all-cause mortality rates after
undergoing these therapies. Through an interrupted time-series analysis, we examined the

(1) trends prior to extension of the IV rt-PA therapeutic time window from 3hours to 4.5hours in September 2012,

(2) changes that occurred immediately after the extension, and

(3) differences in trends between the pre- and post-extension periods.
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During the study period, 69,920 patients with acute ischemic stroke (mean age±standard deviation: 74.9±12.0 years; 41.4%
women) received IV rt-PA and/or EVT. The age- and sex-adjusted number of patients receiving IV rt-PA monotherapy increased
immediately after the time window extension (<rk-italic>P< .001), but did not change during the pre- (P= .90) and post-extension
(P= .58) periods. In contrast, the number of patients receiving EVT with or without IV rt-PA continuously increased during the pre-
extension period (P< .001), and further increased during the post-extension period (P<.001); however, this number decreased
immediately after the extension (P< .001). There were no significant changes in 30-day all-cause mortality during the pre- (P= .40)
and post-extension (P= .64) periods, as well as immediately after the extension (P= .53).
The extension of the IV rt-PA therapeutic time window and progressively widespread use of EVT in Japan have increased the

number of acute ischemic stroke patients eligible for reperfusion therapy. These trends were not accompanied by a higher risk of
post-reperfusion mortality.

Abbreviations: DPC = diagnosis procedure combination, EVT = endovascular thrombectomy, IV rt-PA = intravenous
recombinant tissue plasminogen activator, NDB = National Database of Health Insurance Claims and Specific Health Checkups.
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their quality of life.[3,4] Accordingly, preventive care and the
1. Introduction

Stroke is a leading cause of disability and death in many
countries.[1,2] Despite advances in stroke care, patients with
stroke may still experience functional impairments that reduce
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reduction of post-stroke disabilities are imminent global
issues.[2,5]

Over the past few decades, the development of various
treatments has dramatically improved clinical outcomes after
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acute ischemic stroke.[6–8] Among these, reperfusion therapy has
played a central role in the improvement of post-stroke outcomes.
In the late 1990s, intravenous recombinant tissue plasminogen
activator (IV rt-PA) emerged as an effective treatment for acute
ischemic stroke within 3hours of onset.[9] The efficacy and safety
of this treatment is highly time-dependent, which precipitated a
paradigm shift in acute stroke care. In 2008, the European
Cooperative Acute Stroke Study III demonstrated that the efficacy
and safety of IV rt-PA were still preserved 3.0 to 4.5hours after
acute ischemic stroke onset,[10,11] leading to the extension of the
therapeutic time window to 4.5hours worldwide.[12–14] Endo-
vascular thrombectomy (EVT) is a newer option for acute care of
ischemic stroke, with recent trials demonstrating its benefits in
improving post-stroke outcomes in patients with anterior
circulation large vessel occlusion strokes.[15–20] Newly developed
devices for EVT have further increased the recanalization rate
and improved the balance between the benefits and safety of this
therapy.[21] EVT is currently indicated for patients who fulfill the
exclusion criteria for IV rt-PA or cases where IV rt-PA therapy
was unable to recanalize large vessel occlusions.[7,8,22]

As a result of these developments, the acute stroke care systems
in many countries are undergoing major revisions to provide
reperfusion therapy to a wider range of ischemic stroke patients
in the safest, most effective, and most efficient manner
possible.[23] However, there is scarce information regarding
how the use of IV rt-PA and EVT has spread across individual
countries in recent years, and whether the increased use of these
reperfusion therapies has led to changes in case fatality rates.
Therefore, this study aimed to elucidate the nationwide trends

of IV rt-PA and EVT use for acute ischemic stroke and the
concomitant changes in 30-day mortality associated with these
therapies in Japan. Using a nationwide health insurance claims
database, we examined patients who were treated with IV rt-PA
and/or EVT in acute care hospitals between 2010 and 2015.
2. Methods

2.1. Study design, study setting, and data source

We retrospectively investigated nationwide health insurance
claims data on the use of IV rt-PA and EVT to treat acute ischemic
stroke patients. The data of stroke patients whowere hospitalized
in Japan between April 2010 and March 2016 were obtained
from the National Database of Health Insurance Claims and
Specific Health Checkups (NDB). The claims data of more than
95% of all patients treated in Japan are formatted and stored in
the NDB via an electronic claims system.
Our research project was proposed to the Ministry of Health,

Labour andWelfare of Japan, and had been designed in accordance
with the Act on Assurance of Medical Care for Elderly People. The
Sage Committee, a government advisory committee, reviewed our
proposal and recommended that theMinistry grant uspermission to
use the required data and perform the study (No. 0326-26). This
study was approved by the Institutional Review Board of Kyushu
University (No. 28-70). The need for informed consent was waived
as all data were anonymized before being received by the authors.

2.2. Hospitals and patients

In Japan, acute care hospitals can be categorized according to
their reimbursement systems. Hospitals that use the Diagnostic
Procedure Combination (DPC) system (ie, a bundled payment
system based on diagnosis-related groups) are referred to as DPC
2

hospitals, whereas other hospitals that use the older fee-for-
service system are referred to as non-DPC hospitals. The number
(percentage) of DPC hospitals was 1390 (16.0%) in 2010, 1449
(16.8%) in 2011, 1505 (17.6%) in 2012, 1496 (17.5%) in 2013,
1585 (18.7%) in 2014, and 1580 (18.6%) in 2015.
From the NDB, we identified the claims data of stroke patients

treated in DPC hospitals using the DPC diagnostic codes for acute
stroke (DPC codes: 010020 [subarachnoid hemorrhage], 010040
[brain hemorrhage], 010060 [brain infarction], and 010070
[other cerebrovascular diseases]) and those treated in non-DPC
hospitals using 243 Japanese diagnostic codes associated with
stroke (corresponding to International Classification of Diseases,
10th revision codes: I60–I69). Through this process, we collected
1.5 billion and 0.9 billion claims records of stroke patients treated
in DPC hospitals and non-DPC hospitals, respectively, fromApril
2010 to March 2016. For this study, each year was analyzed as a
Japanese fiscal year, i.e., the 12-month period from April to
March of the following year.
Among all the stroke patients, we excluded patients with

hemorrhagic stroke and included only those with acute ischemic
stroke who were treated with IV rt-PA and/or EVT during
hospitalization in this study. Age was categorized in 5-year
increments in accordance with the NDB’s regulations for patient
anonymity, and the mean age was calculated using the median age
of each age category. To calculate the age- and sex-adjusted
numbers of patients per 100,000 populations, the patient numbers
were standardized to the population of Japan in April 2010.
Each hospital was also classified as an EVT hospital or non-

EVT hospital according to whether EVT was performed or not
each year. Hospital patient volume was defined as the number of
patients treated with the target reperfusion therapies in each
hospital during the study period.

2.3. Reperfusion therapy

For this study, reperfusion therapy referred to the use of IV rt-PA
and/or EVT. IV rt-PA was defined as alteplase administered to
patientswith ischemic stroke. IVadministrationof alteplasewasfirst
approved in Japan inOctober 2005 for patients with acute ischemic
stroke if it can be started within 3hours of onset. The new labeled
indication for IV rt-PA that extended the time window to 4.5hours
after onset was approved on 31 August 2012. In September 2012,
the Japan Stroke Society released a statement indicating that the
therapeutic time window for IV alteplase was extended to 4.5hours
after onset. Thus,we defined the period before and includingAugust
2012 as the pre-extension period (29 months) and the period from
September 2012 onward as the post-extension period (43 months).
EVT was defined as the use of percutaneous thrombectomy

(Japanese medical service code: K178-4) or any type of
thrombectomy catheter for ischemic stroke. Four types of
percutaneous thrombectomy devices were approved in Japan
from 2010 to 2014: the Merci Retrieval System (Concentric
Medical Inc., Mountain View, CA) in 2010, Penumbra System
(Penumbra Inc., Alameda, CA) in 2011, Solitaire FR (Covidien,
Mansfield, MA) in 2014, and Trevo ProVue (Stryker Neuro-
vascular, Fremont, CA) in 2014.

2.4. Clinical outcomes

The primary outcome was 30-day mortality, which was defined
as in-hospital death from any cause within 30 days of the index
ischemic stroke. In addition, we also sought to examine the
occurrence of unfavorable events after reperfusion therapy, but



Table 1

Temporal changes in the proportion of hospitals performing
reperfusion therapy.

EVT hospitals Non-EVT hospitals P valuea

Proportion of hospitals, %
2010, n=8670 1.3 11.6
2011, n=8605 3.0 10.3
2012, n=8565 4.0 9.6
2013, n=8540 4.5 9.8
2014, n=8493 6.3 8.3
2015, n=8480 7.8 7.1

Pre-extension period
B1 (SE) 0.08 (0.01) �0.06 (0.01) <.001
P value <.001 <.001

Immediately after extension
B2 (SE) �0.39 (0.10) 0.85 (0.18) <.001
P value <.001 <.001

Post-extension period
B3 (SE) 0.00 (0.01) 0.02 (0.01) 0.25
P value .84 .14

EVT= endovascular thrombectomy; SE= standard error. Each hospital was classified as an EVT
hospital or non-EVT hospital according to whether it performed EVT each year. The proportion of
hospitals is presented as the percentage of all Japanese hospitals. Each year indicates the Japanese
fiscal year; i.e., 12 months from April to March. The therapeutic time window of IV rt-PA was extended
from 3.0 to 4.5 hours in September 2012, and the study period was divided into a pre-extension period
(Apr 2010�Aug 2012) and a post-extension period (Sep 2012�Mar 2016). B1, B2, and B3 indicate
the slope prior to extension, change in level immediately following the extension, and difference
between the pre- and post-extension slopes, respectively.
a Subgroup differences were assessed using the difference between the 2 groups for the slope during
the pre- (B1) or post-extension periods (B3) and the level in the period immediately following the
extension (B2).
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claims data do not allow the direct identification of such events.
Therefore, we used the following neurosurgical treatments as
indicators of unfavorable events after reperfusion therapy:
decompressive craniotomy (medical service code: K1492);
surgical evacuation (K1643), stereotactic aspiration (K164-4),
and endoscopic evacuation (K164-5) for intracerebral hemato-
ma; and shunting (K145) for hydrocephalus. We also evaluated a
composite outcome comprising death and post-reperfusion
neurosurgical treatments. From April 2010 to March 2012,
the NDB included information on the months, but not the exact
dates, in which patients underwent neurosurgical procedures.
During that period, the procedures performed in the month after
reperfusion therapy was analyzed as surrogates.

2.5. Statistical methods

A trend analysis was performed to assess the temporal trends in
the age and sex of patients treated with reperfusion therapy. We
analyzed the monthly trends in the age- and sex-adjusted number
of patients treated with reperfusion therapy, as well as the rates of
all-cause mortality, neurosurgical treatments, and their compos-
ite within 30 days after reperfusion therapy. Using an interrupted
time-series analysis, we evaluated the time trends in reperfusion
therapy and unfavorable clinical outcomes before and after the IV
rt-PA time window extension in September 2012.[24]

The single-group analysis was performed using the following
regression equation:Yt=b0+b1Tt+b2Xt+b3XtTt+et
Where Yt is the aggregated outcome at time t (month), Tt is the
time (months) since the start of the study period, Xt is the dummy
variable representing the extended time window, XtTt is the
interaction term, b0 is the intercept, b1 is the slope prior to the
time window extension, b2 is the change in level in the period
immediately following the time window extension, and b3 is the
difference between the pre- and post-extension slopes.
The multiple-group analysis was performed using the follow-

ing regression equation:Yt=b0+b1Tt+b2Xt+b3XtTt+b4Z+
b5ZTt+b6ZXt+b7ZXtTt+et
Where Yt is the aggregated outcome at time t (month), Tt is the
time (months) since the start of the study period, Xt is the dummy
variable representing the extended time window, XtTt is the
interaction term, Z is the dummy variable representing subgroup
1 or subgroup 2, b0 is the intercept, b1 is the slope prior to the
time window extension, b2 is the change in level in the period
immediately following the time window extension, b3 is the
difference between the pre- and post-extension slopes, b4 is the
difference in level between subgroup 1 and subgroup 2 (reference)
prior to the time window extension, b5 is the difference in the
slope between subgroup 1 and subgroup 2 (reference) prior to the
time window extension, b6 is the difference in level between
subgroup 1 and subgroup 2 (reference) in the period immediately
following the time window extension, and b7 is the difference
between subgroup 1 and subgroup 2 (reference) in the post-
extension slope relative to the pre-extension slope.
All analyses were performed using Stata Statistical Software

v14.0 (StataCorp LP, College Station, TX). Two-tailed P values
below .05 were regarded as statistically significant.

3. Results

3.1. Demographic characteristics of patients receiving
reperfusion therapy

During the study period, we identified 69,920 patients with acute
ischemic stroke (mean age± standard deviation: 74.9±12.0 years;
3

women: 41.4%) who underwent IV rt-PA and/or EVT therapy in
hospitals throughout Japan during the study period (please see
Table S1 (http://links.Iww.com/MD/F521), Supplemental Con-
tent). Over time, the patients who received reperfusion therapy
tended to be older and comprise a higher proportion of women.
3.2. Temporal trends in hospitals and hospital volume for
reperfusion therapy

Table 1 shows the annual proportions of hospitals that used EVT
(EVT hospitals) and hospitals that used only IV rt-PA without
EVT (non-EVT hospitals) between 2010 and 2015. There was an
increase in the proportion of EVT hospitals and a decrease in the
proportion of non-EVT hospitals during the pre-extension
period. In contrast, the proportion of EVT hospitals decreased
while the proportion of non-EVT hospitals increased immedi-
ately after the time window extension.
Next, we evaluated the trends in hospital volume for

reperfusion therapy in EVT and non-EVT hospitals (Table 2).
In both hospital types, hospital volume for reperfusion therapy
increased immediately after the time window extension, but no
significant changes were observed during the pre- and post-
extension periods. There were no significant differences in these
trends between EVT and non-EVT hospitals, indicating that
hospital volume for reperfusion therapy underwent similar
transitions irrespective of the ability to perform EVT.
3.3. Temporal trends in patients receiving reperfusion
therapy

We assessed the monthly numbers of patients who underwent IV
rt-PA alone, EVT alone, or EVT combined with IV rt-PA.

http://links.iww.com/MD/F521
http://www.md-journal.com


Table 2

Temporal changes in the number of patients receiving reperfusion
therapy in each hospital.

EVT hospitals Non-EVT hospitals P valuea

Hospital volume, mean±SD
2010 13.6±9.6 6.8±7.3
2011 14.2±9.5 6.5±6.9
2012 15.3±11.9 6.4±6.7
2013 17.1±13.0 6.9±7.7
2014 17.5±14.8 6.1±7.3
2015 18.4±16.2 5.5±6.8

Pre-extension period
B1 (SE) �0.004 (0.006) �0.003 (0.002) .97
P value .55 .09

Immediately after extension
B2 (SE) 0.18 (0.08) 0.10 (0.04) .32
P value .02 .009

Post-extension period
B3 (SE) 0.011 (0.006) 0.001 (0.002) .16
P value .10 .59

EVT= endovascular thrombectomy; SD= standard deviation, SE: standard error. Each hospital was
classified as an EVT hospital or non-EVT hospital according to whether it performed EVT each year.
Hospital volume is presented as the number of patients who were treated with reperfusion therapy in
each hospital each year. Each year indicates the Japanese fiscal year; i.e., 12 months from April to
March. The therapeutic time window of IV rt-PA was extended from 3.0 to 4.5 hours in September
2012, and the study period was divided into a pre-extension period (Apr 2010�Aug 2012) and a
post-extension period (Sep 2012�Mar 2016). B1, B2, and B3 indicate the slope prior to extension,
change in level immediately following the extension, and difference between the pre- and post-
extension slopes, respectively.
a Subgroup differences were assessed using the difference between the two groups for the slope
during the pre- (B1) or post-extension periods (B3) and the level in the period immediately following the
extension (B2).

Figure 1. Temporal trends in IV rt-PA and EVT use for acute ischemic stroke. Eac
circles), EVT alone or combined with IV rt-PA (closed circles), IV rt-PA alone (op
diamonds). The dashed lines and shaded areas represent the regression lines and
window was extended from 3.0 to 4.5hours in September 2012 (vertical dashed
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Figure 1 shows the temporal trends in the monthly numbers of
patients who received each therapy type.
Although there were no significant changes in the age- and sex-

adjusted monthly number of patients receiving IV rt-PA alone
during the pre- and post-extension periods, this number increased
significantly immediately after the time window extension
(Table 3). In contrast, the number of patients receiving EVT
generally increased during the pre-extension period, and further
increased during the post-extension period irrespective of
concomitant IV rt-PA; however, this number decreased immedi-
ately following the time window extension. Overall, the number
of patients receiving any reperfusion therapy did not significantly
change immediately after the time window extension, but
continuously increased during the pre- and post-extension
periods at a relatively consistent pace.

3.4. Temporal trends in mortality and neurosurgical
treatments after reperfusion therapy

Finally, we investigated the clinical outcomes after reperfusion
therapy. The interrupted time-series analysis demonstrated that
the rates of all-cause mortality, neurosurgical treatments, and the
composite outcome within 30 days after reperfusion therapy did
not significantly change during the pre-extension period, post-
extension period, or immediately after the time window
extension (Table 4).
4. Discussion

The major findings of this study are as follows:
During the study period, the proportion of Japanese hospitals

that used EVT continuously increased, but hospital volume for
h point indicates the monthly number of patients treated with EVT alone (open
en diamonds), or reperfusion therapy involving EVT and/or IV rt-PA (closed
95% confidence intervals, respectively, for each group. The therapeutic time
line). Each year indicates the Japanese fiscal year from April to March.



Table 3

Temporal changes in the number of patients receiving each reperfusion therapy procedure.

EVT

Overall IV rt-PA alone Overall EVT alone EVT and IV rt-PA

Number of patients per 100,000 population
2010 6.5 6.3 0.2 0.1 0.1
2011 7.2 6.5 0.7 0.4 0.3
2012 7.8 6.7 1.1 0.6 0.5
2013 9.0 7.7 1.3 0.7 0.7
2014 9.7 7.2 2.5 1.3 1.2
2015 10.8 7.0 3.7 2.0 1.8

Pre-extension period
B1 (SE) 0.004 (0.001) �0.000 (0.001) 0.003 (0.000) 0.002 (0.000) 0.002 (0.000)
P value .004 .90 <.001 <.001 <.001

Immediately after extension
B2 (SE) 0.05 (0.03) 0.11 (0.03) �0.05 (0.01) �0.04 (0.01) �0.02 (0.00)
P value .11 <.001 <.001 <.001 .001

Post-extension period
B3 (SE) 0.003 (0.001) �0.001 (0.001) 0.004 (0.001) 0.002 (0.000) 0.002 (0.000)
P value .08 .58 <.001 <.001 <.001

IV rt-PA= intravenous recombinant tissue plasminogen activator; EVT= endovascular thrombectomy; SE= standard error. The number of patients within the population are expressed as the age- and sex-
adjusted number of patients who were treated with each procedure each year per 100,000 population. Each year indicates the Japanese fiscal year; that is, 12 months from April to March. The therapeutic time
window of IV rt-PA was extended from 3.0 to 4.5 hours in September 2012, and the study period was divided into a pre-extension period (Apr 2010�Aug 2012) and a post-extension period (Sep 2012�Mar
2016). B1, B2, and B3 indicate the slope prior to extension, change in level immediately following the extension, and difference between the pre- and post-extension slopes, respectively.
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reperfusion therapy showed similar trends irrespective of the
ability to perform EVT.
The use of IV rt-PA monotherapy (without EVT) increased

immediately after the therapeutic time window was extended
from 3.0hours to 4.5hours, but there were no similar increasing
trends during the pre- and post-extension periods.
Table 4

Temporal changes in all-cause mortality and neurosurgical
treatments after reperfusion therapy.

Death
Neurosurgical
treatments

Composite
outcome

Frequency, %
2010 8.8 3.2 11.6
2011 8.0 2.9 10.4
2012 8.3 2.9 10.7
2013 7.9 3.0 10.4
2014 8.0 2.7 10.2
2015 6.9 2.5 9.0

Pre-extension period
B1 (SE) �0.02 (0.02) �0.01 (0.01) �0.04 (0.02)
P value .40 .39 .14

Immediately after extension
B2 (SE) 0.34 (0.54) 0.20 (0.31) 0.55 (0.53)
P value 0.53 0.53 0.30

Post-extension period
B3 (SE) �0.01 (0.03) �0.00 (0.02) �0.01 (0.03)
P value .64 .96 .71

SE= standard error. The frequency of unfavorable events is presented as the percentage of patients
who experienced the event of interest after reperfusion therapy. All-cause mortality was defined as
death from any cause within 30 days. Neurosurgical treatments included decompressive craniotomy,
hematoma evacuation, and shunting for hydrocephalus. The composite outcome comprised all-cause
mortality and neurosurgical treatments. Each year indicates the Japanese fiscal year; i.e., 12 months
from April to March. The therapeutic time window of IV rt-PA was extended from 3.0 to 4.5 hours in
September 2012, and the study period was divided into a pre-extension period (Apr 2010�Aug
2012) and a post-extension period (Sep 2012�Mar 2016). B1, B2, and B3 indicate the slope prior to
extension, change in level immediately following the extension, and difference between the pre- and
post-extension slopes, respectively.

5

The use of EVT alone or combined with IV rt-PA continuously
increased before the time window extension, and further
increased after the extension; however, it decreased immediately
following the extension.
Despite the transitions in IV rt-PA and EVT use, no significant

changes were observed in the rates of all-cause mortality,
neurosurgical treatments for unfavorable events, and their
composite outcome within 30 days after reperfusion therapy.
These findings provide new insight into the recent trends in
reperfusion therapy (IV rt-PA and EVT) in Japan.
Previous studies have reported on the trends in IV rt-PA use for

acute ischemic stroke over specific time periods in various
countries: 2003 to 2006,[25] 2003 to 2010,[26] and 2007 to
2010[27] in Sweden; 2000 to 2012[28] and 2003 to 2011[29,30]

in the US; 2007-2009 in Germany[31]; 2005 to 2012 in the
Netherlands[32]; 2009 to 2014 in Taiwan[33]; 2014 to 2018 in
South Korea[34]; and 2006 to 2018 in Austria.[35] These studies
have observed continuous increases in IV rt-PA use over the study
periods in their respective countries. In contrast, our present
study found no similar trends in IV rt-PA monotherapy between
2010 and 2015 in Japan. However, the number of patients
receiving IV rt-PA monotherapy had risen immediately following
the time window extension, which is consistent with the findings
of other studies.[26,29–31] A recent study conducted in Japan using
an inpatient DPC claims database similarly reported no
increasing trends in IV rt-PA use between 2010 and 2014,
although patients treated with EVT were excluded from that
analysis.[36] In Japan, IV rt-PA monotherapy has been utilized as
a first-line reperfusion therapy throughout the country after its
approval for acute ischemic stroke in 2005. Although an
expanded time window for IV rt-PA increased the number of
patients with the labeled indication, there are no expectations for
the further dissemination of IV rt-PA monotherapy for acute
ischemic stroke patients under Japan’s current stroke care system.
Four thrombectomy devices were approved in Japan during

our study period, and have been progressively used in clinical
practice.[37] Our study showed that the use of these devices

http://www.md-journal.com
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increased continuously from the period before the IV rt-PA time
window extension, and further increased during the post-
extension period. A recent increasing trend in EVT use has also
been described in the US.[38,39] Our study additionally showed
that EVT use generally decreased immediately after the IV rt-PA
time window was extended from 3.0hours to 4.5hours. This
transient decrease may indicate that EVT had been convention-
ally performed in patients between 3.0 and 4.5hours after stroke
onset in the pre-extension period, but was replaced by IV rt-PA
for similar patients in the post-extension period. Thus, our study
sheds new light on the trends in reperfusion therapy in Japan:
EVT has been an alternative or additional therapy to IV rt-PA,
which resulted in a continuous increase in reperfusion therapy for
acute ischemic stroke between 2010 and 2015. The increased
availability and use of EVT may facilitate the spread of
reperfusion therapy for eligible patients throughout Japan.
Asian patients are at a higher risk of hemorrhagic complica-

tions following reperfusion therapy than other ethnic
groups.[40,41] Accordingly, the increased use of reperfusion
therapy in Japan has been met with concerns about the elevated
risk of potentially lethal intracranial hemorrhagic events.
However, our study found no increases in 30-day mortality or
neurosurgical treatments for unfavorable events following the IV
rt-PA time window extension and increased use of EVT. The Get
With The Guidelines-Stroke program also noted a significant
increase in the use of t-PA between 3.0 and 4.5hours after stroke
onset in the US, but found no difference in in-hospital mortality
following the publication of the European Cooperative Acute
Stroke Study III results.[30] Therefore, the extension of the IV rt-
PA time window together with the increased use of EVT is not
expected to elevate the risks of mortality and severe adverse
events after reperfusion therapy in Japan. Nevertheless, the
continued monitoring of trends in reperfusion therapy and post-
reperfusion events is needed to inform and guide the dissemina-
tion of these therapies safely, effectively, and efficiently for acute
ischemic stroke patients across the country.
There remain several barriers to providing all potentially

eligible patients with reperfusion therapy.[42–44] Moreover,
regional differences may exist in the use of IV rt-PA and/or
EVT. The present study showed that EVT was increasingly
utilized along with a rising number of hospitals performing this
procedure. A recent study in the US similarly reported a steady
increase in the number of centers performing EVT, although a
greater number of procedures was still performed at lower-
volume centers.[45] Because the benefits of these reperfusion
therapies are time-dependent, the location and size of stroke
centers that perform EVT should be optimized to implement IV
rt-PA and EVT appropriately and expeditiously throughout
Japan. In this way, there is an urgent need to reorganize stroke
care systems in the EVT era.
4.1. Limitations

This study has several limitations. First, the analysis could not
adjust for baseline comorbidities and neurological severity at
stroke onset. Second, key outcomes—such as 90-day functional
outcomes, symptomatic intracranial hemorrhage, and cause of
death—could not be examined due to a lack of relevant data in
the NDB. Third, the NDB did not contain data on whether study
patients met the eligibility criteria for IV rt-PA or EVT. Therefore,
the analysis was conducted under the assumption that study
patients were indicated for reperfusion therapy in accordance
6

with guidelines. Fourth, the 4 thrombectomy devices were
approved at different times during the study period, which may
have affected the EVT trend analysis. Finally, the interrupted
time-series analysis did not consider other factors besides time,
and unmeasured confounders may have affected the results.
4.2. Future directions

Our nationwide analysis included almost all patients with acute
ischemic stroke who received IV rt-PA and/or EVT in the country,
which enabled us to elucidate the overall trends in these therapies
among more than 120 million people throughout Japan. Thus
far, no significant changes have been detected in all-cause
mortality and severe adverse events after reperfusion therapy
following the IV rt-PA time window extension and increased use
of EVT. Nevertheless, these trends may be dependent on acute
stroke care guidelines and healthcare systems, and further studies
are needed to understand these relationships. Effective and
efficient stroke care systems should be established to provide IV
rt-PA and EVT for eligible acute ischemic stroke patients
throughout the country along with the continued surveillance
of national trends.
5. Conclusions

The present study found that the number of acute ischemic stroke
patients who were treated with IV rt-PA increased after the
extension of the IV rt-PA therapeutic time window, and that EVT
use has become progressively widespread in recent years in Japan.
Despite these shifts in treatment patterns, post-reperfusion death
did not increase during the study period. Further studies are
warranted to elucidate how the use of reperfusion therapy and
post-reperfusion outcomes change according to time and
circumstances in real-world settings.
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