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ABSTRACT

Background Prehospital stroke triage scales help with
the decision to transport patients with suspected stroke
to suitable hospitals.

Objective To explore the effect of the region-wide use
of the Japan Urgent Stroke Triage (JUST) score, which
can predict several types of stroke: large vessel occlusion
(LvO), intracranial hemorrhage (ICH), subarachnoid
hemorrhage (SAH), and cerebral infarction other than
LVO (CI).

Methods We implemented the JUST score and
conducted a retrospective and prospective multicenter
cohort study at 13 centers in Hiroshima from April 1,
2018, to March 31, 2020. We investigated the success
rate of the first request to the hospital, on-scene time,
and transport time to hospital. We evaluated the door-to-
puncture time, puncture-to-reperfusion time, and 90-day
outcome among patients with final diagnoses of LVO.
Results The cohort included 5141 patients (2735
before and 2406 after JUST score implementation).
Before JUST score implementation, 1269 strokes (46.4%)
occurred, including 140 LVO (5.1%), 394 ICH (14.4%),
120 SAH (4.4%), and 615 Cl (22.5%). The JUST score
was used in 1484 (61.7%) of the 2406 patients after
implementation, which included 1267 (52.7%) cases

of stroke (186 LVO (7.7%), 405 ICH (16.8%), 109 SAH
(4.5%), and 567 Cl (23.6%)). Success rate of the first
request to the hospital significantly increased after JUST
score implementation (76.3% vs 79.7%, p=0.004). JUST
score implementation significantly shortened the door-to-
puncture time (84 vs 73 min, p=0.03), but the prognosis
remained unaltered among patients with acute LVO.
Conclusions Use of prehospital stroke triage scales
improved prehospital management and preparation time
of intervention among patients with acute stroke.

INTRODUCTION

Patients with acute stroke require timely manage-
ment and appropriate treatment, including intra-
venous thrombolysis, endovascular therapy, and
neurosurgical interventions. The transportation
of patients with suspected stroke to an appro-
priate hospital is critical because few hospitals are
equipped to perform some of these treatments. The
American Stroke Association recommends to first

recognize the stroke, activate emergency medical
services (EMS), triage to appropriate hospital, and
designate capable stroke centers.' It is also recom-
mended that EMS should use a triage tool for
patients with suspected stroke, such as the Cincin-
nati Prehospital Stroke Scale, Los Angeles Prehos-
pital Stroke Screen, or Field Assessment Stroke
Triage for Emergency Destination.” These scales
are commonly used and are reported to have good
performance in screening patients with suspected
acute large vessel occlusion (LVO). Capable hospi-
tals have worked to shorten the door-to-reperfusion
time to increase the chance for obtaining a good
prognosis in patients with acute LVO.” The delay
in surgical or other interventions for intracranial
hemorrhage (ICH) or subarachnoid hemorrhage
(SAH) was also associated with poor prognosis.”
Therefore, early triage and transportation of
patients with suspected stroke to the appropriate
hospitals are crucial for acute LVO and the other
types of stroke.’

We devised and reported two prehospital stroke
triage scales—namely, the Japan Urgent Stroke
Triage (JUST) score and seven-item Japan Urgent
Stroke Triage (JUST-7) score, which can simulta-
neously distinguish between LVO, ICH, SAH, and
cerebral infarction other than LVO (CI).°” In Japan,
the JUST score is currently used by many EMS at
the point of patient contact to determine the appro-
priate hospital for the treatment of the stroke. The
impact of prehospital stroke triage scales for LVO
and other forms of stroke has not been assessed in
clinical practice. Therefore, we explored the effect
of the implementation of the JUST score within
clinical settings.

METHODS

Study design and population

We conducted a prospective cohort study with a
retrospective control cohort to assess the manage-
ment of EMS in patients with suspected stroke at
13 hospitals in Hiroshima City from April 1, 2018,
to March 31, 2020. The 13 participating hospitals
were certified to conduct comprehensive stroke care
and were staffed with qualified stroke physicians.
We implemented the JUST score on April 1, 2019,
at the Hiroshima City Fire Department. Thereafter,
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the cohort was investigated prospectively, while the cohort
before March 31, 2019 was assessed retrospectively.® The insti-
tutional review boards of all participating hospitals approved the
study protocol. The requirement for written informed consent
was waived for this study because we used information obtained
during routine clinical practice. The institutional review boards
approved this waiver in accordance with the Ethical Guidelines
for Medical and Health Research Involving Human Subjects in
Japan.

We enrolled consecutive patients suspected of having stroke
events by EMS and transported to the participating hospitals.
There were no age limits. We excluded the patients transferred
from one hospital to another hospital because the patients were
diagnosed before transportation. We also excluded those who
were transported to hospitals other than the 13 participating
hospitals.

The triage system in Hiroshima City

The JUST score was developed to predict the likelihood of any
type of stroke and simultaneously estimates the probabilities
of LVO, ICH, SAH, and CI. It comprises 21 items that can be
easily evaluated by EMS and its high accuracy and predictive
performance have been reported.® Once patients were assessed
at the first contact with the EMS, the EMS entered the items of
the JUST score into a mobile device, which displayed the prob-
abilities of any type of stroke as well as each type of stroke on
the screen (online supplemental figure 1). Patients were subse-
quently classified into three groups according to the JUST scores:
(1) patients with a high probability of LVO (triage ‘red’), (2)
patients with a high probability of other types of stroke besides
LVO (triage ‘yellow’), and (3) patients with a low probability of
stroke (triage ‘green’). The triage thresholds were set as follows:
‘red” if the probability of LVO was =25%, ‘yellow’ if the prob-
ability of LVO was <25% and that of the other types of stroke
was =10%, and ‘green’ if the probability of any type of stroke
was <10% (online supplemental figure 1). The thresholds were
clinically determined by discussions among the investigators and
EMS.

Hiroshima City is the capital of Hiroshima Prefecture with a
population of 1.2 million and an area spanning 906.68 km?*. All
EMS belonging to the Hiroshima City Fire Department (online
supplemental table 1) and each of the 13 participating hospi-
tals cover stroke care in Hiroshima City. The EMS of Hiroshima
City Fire Department transported patients with suspected stroke
to one of the 13 participating hospitals. The hospitals were
predominantly located at the center of Hiroshima City, with
the most distant hospitals within a 1-hour drive (online supple-
mental figure 2). Ten of the 13 hospitals were thrombectomy-
capable and three provided recombinant tissue plasminogen
activator (rtPA) only.

The 13 hospitals expressed their acceptance status for patients
with stroke and availability of thrombectomy in real time and
simultaneously shared the information with the EMS. If throm-
bectomy was available, the estimated door-to-puncture time
(D2P) was displayed at four levels (within 60 min, 75 min, 90
min, and 120 min), based on the time slot (day vs night and
weekday vs weekend), stand-by status of thrombectomy-capable
physicians, and preparedness or occupation of operating rooms.
The global positioning system function of the mobile device esti-
mated the location of the EMS and calculated the transport time
to the candidate hospitals. The EMS selected hospitals for ‘red’
triage patients in the order of the shortest total time of transport
and D2P and in the order of the closest stroke-capable hospitals
for ‘yellow’ triage patients. Patients designated with the ‘green’

triage after the JUST score implementation were generally trans-
ported to any of the 13 hospitals but occasionally transported to
other hospitals.

Measurements and data collection

Certified EMS providers assessed the 21 items of the JUST score
related to medical history, symptoms, and signs.® We collected
data on the number of requests to the hospitals, the on-scene
time of EMS contact with patients, and transport time to the
hospital. The request to the hospital was defined by when EMS
contacted the participating hospital to ask for the transporta-
tion of patients who were suspected of having stroke events. The
hospital then decided whether it could accept the request for
transportation. If the hospital declined the request for reasons
such as congestion of emergency rooms or occupation of oper-
ating rooms, the EMS made the next request to a different
hospital. These data were recorded on paper or the internet and
subsequently transferred to the electronic data capture system
for further analysis.

The qualified stroke physicians working at the participating
hospitals provided standardized care for the patients with
suspected stroke and confirmed the diagnosis using CT or MRI.
If the final diagnosis differed from the initial diagnosis, the
former was considered to be the definitive diagnosis. If the diag-
nosis was uncertain, the qualified stroke physicians who were
not aware of the predictive variables scrutinized the imaging and
clinical data to reach a consensus through discussion.

We investigated the time from the onset of LVO, when the
patient was last known to be well, to arrival at the hospital, the
onset-to-door time (O2D). Furthermore, we investigated the
modified Rankin Scale (mRS) scores before the onset of LVO,?
the National Institutes of Health Stroke Scale (NIHSS) score on
admission,” D2P, puncture to reperfusion time (P2R), the throm-
bolysis in cerebral infarction (TICI) scale,'” and mRS scores 90
days after the onset of stroke for patients with a final diagnosis of
LVO. This information was entered into the electronic medical
records and transferred to the electronic data capture system.

Outcomes

The outcomes included whether the first request to the hospital
for the transportation of patients with suspected stroke was
successful, on-scene time, and transport time. The mRS score
of 0-2 or death (mRS score 6) at 90 days was considered as the
outcome for patients with LVO. A second transfer to another
hospital was also evaluated in patients with LVO. The D2P, P2R,
and TICI scale of 2b or 3 were assessed for patients who under-
went thrombectomy.

Statistical Analysis

We presented the categorical variables using numbers and
percentages, and continuous variables using mean and SD or
median and IQR. The variables obtained before and after imple-
mentation of the JUST score were presented separately and
compared using the %2 test for categorical variables, and t-test or
Wilcoxon rank-sum test for continuous variables.

We compared the rate of use of rtPA and thrombectomy, as
well as outcomes before and after implementation of the JUST
score. We constructed univariable and multivariable logistic
regression models for mRS scores of 0-2 and death at 90 days
and estimated the crude and adjusted odds ratios (ORs) and their
95% confidence intervals (95% CIs). The risk-adjusting variables
included in the multivariable logistic regression models were age,
mRS score before onset, Alberta Stroke Program Early CT Score,
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April 1, 2018 — March 31, 2020
Patients with suspected stroke (n=6328)

Excluded: Transfer from
other hospitals (n=1187)

Direct transport to hospital (n=5141)

Before JUST score After JUST score

April 1, 2018 — March 31, 2019

April 1, 2019 — March 31, 2020

(n=2735) (n=2406)
LVO (n=140) LVO (n= 186)
ICH (n=394) ICH (n=405)
SAH (n=120) SAH (n=109)

Cl (n=615) Cl (n=567)

No Stroke (n=1466) No Stroke (n=1139)

I I

LVO with 90-day follow-up LVO with 90-day follow-up
(n=139) (n=168)

Figure 1  Study flowchart. Cl, cerebral infarction other than LVO; ICH,
intracranial hemorrhage; JUST, Japan Urgent Stroke Triage; LVO, large
vessel occlusion; SAH, subarachnoid hemorrhage.

occlusion site of the internal carotid artery or M1 segment of the
middle cerebral artery, and O2D.

We assessed the difference in patients who were triaged or
not triaged with the JUST score after implementation of the
JUST score in the same manner as sensitivity analyses. We also
compared the success of the first request to hospital by the %2
test as well as on-scene time, and transport time by Wilcoxon
rank-sum test between those triaged as red, yellow, or green.

All statistical analyses were conducted using JMP 15.0 (SAS
Institute Inc., Cary, North Carolina, USA). Two-tailed p values of
less than 0.05 were considered statistically significant.

RESULTS

Patient characteristics

We excluded 1186 of the initially registered 6327 patients who
were transferred from other hospitals. 5141 patients were finally
enrolled in the study, of whom 2735 and 2406 patients were
transported before and after the implementation of the JUST
score, respectively (figure 1). The two cohorts were numerically
similar before and after JUST score implementation (table 1).
After the JUST score was implemented, EMS used the JUST
score in 1484 patients (61.7%). The distribution of stroke type
was numerically similar before and after JUST score implemen-
tation, while the large sample size resulted in statistical signifi-
cance (p<0.0001). A total of 140 patients (5.1%) experienced
LVO before JUST score implementation, which increased to 186
patients (7.7%) after implementation (table 1).

After implementation of the JUST score, the frequency of
LVO was high among those who were triaged with the JUST
score (10.5%) but for those who were not triaged was 3.3%.
The frequency of no stroke was 33.2% among those who were
triaged with the JUST score but 70.1% among those who were
not triaged (p<0.0001) (online supplemental table 2).

Effect of the prehospital stroke triage scale

The success rate of the first request to the hospital improved
significantly from 76.3% to 79.7% (p=0.004) after the imple-
mentation of the JUST score (table 1). On the other hand, the
on-scene time and transport time did not change after imple-
mentation of the score.

Table 1 Patient characteristics before and after JUST score
implementation

Before JUST score After JUST score

Variables (n=2735) (n=2406) P value
Age, years, mean (SD) 70.0 (17.7) 71.5(16.7) 0.002
Men, n (%) 1426 (52.1) 1290 (53.6) 0.29
Systolic blood pressure, mm Hg, 157.0 (35.0) 159.6 (34.3) 0.007
mean (SD)
Diastolic blood pressure, mm 85.6 (22.5) 88.2 (21.9) <0.0001
Hg, mean (SD)
JUST score use, n (%) - 1484 (61.7) -
Final diagnosis

LVO, n (%) 140 (5.1) 186 (7.7) <0.0001

ICH, n (%) 394 (14.4) 405 (16.8)

SAH, n (%) 120 (4.4) 109 (4.5)

Cl, n (%) 615 (22.5) 567 (23.6)

No stroke, n (%) 1466 (53.6) 1139 (47.3)
Success of the first request to 2088 (76.3) 1917 (79.7) 0.004
hospital, n (%)
On-scene time-min, median 18 (14-23) 17 (14-23) 0.69
(IQR)
Transport time-min, median 10 (6-15) 10 (6-15) 0.87
(IQR)

Cl, cerebral infarction other than LVO ; ICH, intracranial hemorrhage; IQR,
interquartile range; JUST, Japan Urgent Stroke Triage; LVO, large vessel occlusion;
SAH, subarachnoid hemorrhage.;

The success rate at the first request to the hospital and
on-scene time were similar between those who were triaged with
and without the JUST score after its implementation, but the
transport time was shorter by 1 min for the latter (online supple-
mental table 2).

The success rate at the first request to the hospital was the
highest for ‘red’ triage patients at 84.3%, followed by ‘yellow’
triage patients at 78.9%, and ‘green’ triage patients at 77.2%
(p=0.34) among the 1484 patients who were triaged with the
JUST score. The on-scene time and transport time were numeri-
cally similar among the three triage groups.

Management of large vessel occlusion

After the implementation of the JUST score, the patients with
LVO were predominantly women, significantly older, and had
higher blood pressure values (table 2) than those without LVO.
Although the findings lacked statistical significance, the mRS
scores before onset and the severity of LVO were numerically
worse after the implementation of the JUST score. The internal
carotid artery or M1 segment of the middle cerebral artery was
the most dominant site of occlusion after JUST score implemen-
tation, but this observation lacked statistical significance.

The success rate of the first request to hospital numerically
improved from 78.6% to 81.7%; however, this finding was
not statistically significant (p=0.48). No differences were seen
between the on-scene time and transport time between before
and after the implementation of the JUST score. The O2D
increased from a median of 79 min to 101 min after the imple-
mentation of the JUST score (p=0.13).

Administration of rtPA and use of thrombectomy were signifi-
cantly higher before JUST score implementation (table 3),
respectively, compared with after implementation. Among
those who received thrombectomy, the D2P was significantly
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Table 2 Characteristics of patients with large vessel occlusion

Before JUST score After JUST score
(n=140) (n=186) P value
Age, years, mean (SD) 76.5(12.8) 79.8 (11.7) 0.02
Men, n (%) 82 (58.6) 86 (46.2) 0.03
Systolic blood pressure, mm Hg, mean (SD) 147.6 (28.7) 153.9 (27.8) 0.048
Diastolic blood pressure, mm Hg, mean (SD) 78.7 (19.3) 85.3(21.3) 0.004
JUST score use, n (%) - 156 (83.9) -
mRS score before onset, median (IQR) 0(0-1) 0(0-2) 0.16
NIHSS score, median (IQR) 18 (12-24) 20 (14-27) 0.049
ASPECTS (CT or MRI), median (IQR) 8(6-9) 7 (5-9) 0.46
Occlusion site
Anterior circulation, n (%) 128 (91.4) 174 (93.5) 0.47
Internal carotid artery or M1 segment of the middle cerebral artery, n (%) 91 (65.0) 130 (69.9) 0.35
Success of the first request to hospital, n (%) 110 (78.6) 152 (81.7) 0.48
On-scene time, min, median (IQR) 17 (14-22) 17 (14-22) 0.66
Transport time, min, median (IQR) 10 (6-14) 11 (7-16) 0.1
Onset-to-door time, min, median (IQR) 79 (46-200) 101 (47-378) 0.13
Second transfer to another hospital, n (%) 7(5.0) 3(1.6) 0.08

ASPECTS, Alberta Stroke Program Early CT Score; CT, computed tomography; IQR, interquartile range; JUST, Japan Urgent Stroke Triage; MRI, magnetic resonance imaging; mRS,

modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.;

shortened after the implementation of the JUST score but the
P2R remained the same (table 3). The success rate of thrombec-
tomy defined by a TICI scale of 2b/3 was similar before and after
JUST score implementation. The number of patients with mRS
scores of 0-2 at 90 days did not increase after JUST score imple-
mentation at 90 days (table 3). The crude and adjusted ORs
(95% CI) were 0.70 (0.45 to 1.10) and 0.92 (0.49 to 1.75) for
mRS sores of 0-2, respectively. The 90-day mortality (mRS score
6) was also similar before and after JUST score implementation.
The crude and adjusted ORs (95% CI) for mortality were 1.77
(0.88 to 3.57) and 1.64 (0.55 to 4.92), respectively.

The O2D was numerically shorter in patients with LVO who
were triaged with the JUST score compared with those who were
not triaged with (median 96 min vs 426 min) after implementa-
tion of the JUST score (online supplemental table 2), although
this difference did not attain statistical significance. mRS scores
of 0-2 at 90 days were also significantly more prevalent in
patients with LVO who were triaged with the JUST score (online
supplemental table 2).

Table 3 Outcome of the patients with large vessel occlusion

Before JUST score After JUST score

(n=140) (n=186) P value
rtPA, n (%) 54 (38.6) 52 (28.0) 0.04
Thrombectomy, n (%) 83 (59.3) 84 (45.2) 0.01
D2P, min, median (IQR) 84 (63-114) 73 (57-98) 0.03
P2R, min, median (IQR) 44 (29-64) 45 (30-70) 0.53
TICI score 2b/3, n (%) 73/83 (88.0) 72/81 (88.9) 0.85
mRS score 0-2 at 90 days, 62 (44.3) 63/176 (35.8) 0.13
n (%)
Death up to 90 days, n (%) 13 (9.3) 27/176 (15.3) 0.1

D2P, door-to-puncture time; JUST, Japan Urgent Stroke Triage; mRS, modified Rankin
Scale; P2R, puncture-to-reperfusion time; rtPA, recombinant tissue plasminogen
activator; TICI, thrombolysis in cerebral infarction.

DISCUSSION

This study was the first to evaluate the region-wide use of
prehospital stroke triage scales in patients with suspected stroke
and assess the change in the emergency transportation system, as
well as the clinical outcomes in real-world settings. We demon-
strated that the request times to hospitals decreased when the
JUST score was recommended for EMS to determine the target
hospital for transportation. Based on information on the JUST
score, physicians at these hospitals could reduce the D2P for
patients receiving thrombectomy for LVO. We assumed that the
90-day mRS score would be improved in patients with LVO after
implementation of the JUST score because D2P was reported
to be an important prognostic factor for patients with LVO;’
however, it was not the case in this study. The importance of
prehospital recognition of possible stroke is well documented,
but its implementation is challenging in clinical practice. Prehos-
pital recognition of possible strokes by EMS was reported to
shorten the door-to-physician and door-to-CT time, as well as
increase the likelihood of receiving thrombolysis.'' In addition
to the shortened transport time, the American Stroke Associa-
tion recommends that EMS should transport patients to hospi-
tals that are capable of offering the highest level of stroke care
when several options with similar transport time are available.'
Achieving improvements in patient outcomes with prehos-
pital care was a difficult goal despite the improvement in the
process indicators. The prehospital management guidelines
were associated with survival until hospital admission but not
with survival at hospital discharge in patients with traumatic
brain injury.'? Although 10 of 13 participating hospitals were
capable of thrombectomy, it was not always available owing to
the availability of staff or operating rooms. Although a second
transportation occurred in a minority of cases and its frequency
did not change after implementation of the JUST score, the
decrease in the number of requests to hospital and shorter D2P
among patients who received the thrombectomy attested to the
improved mismatch between EMS and candidate hospitals or the
physician in charge.
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Only the D2P was significantly shortened after JUST score
implementation, whereas other time-related indicators were
not shortened among patients with LVO in real-world settings.
This implies that although the transport time from the scene to
the hospital did not change, the preparedness for conducting
thrombectomy improved using the JUST score before transpor-
tation, which resulted in a shortened D2P. A simulation study for
patients with LVO reported similar findings—that is, the use of
a prehospital triage scale substantially decreased the mean time
from symptom onset to groin puncture, but did not decrease the
mean time from symptom onset to thrombolysis. "

However, we found that the shortened D2P was not associ-
ated with improvements in the prognosis measured using the
90-day mRS score. The failure to demonstrate improvements
in the prognoses of patients with LVO may be attributed to
the difference in the patients’ background. The patients were
significantly older and with greater disease severity as measured
by the NIHSS score, although we enrolled consecutive patients
who were suspected of having stroke events before and after
the implementation. Indeed, the performance rates of rtPA and
thrombectomy decreased after the implementation, and this
observation should reflect that the number of patients with LVO
who did not meet the indication criteria for rtPA or thrombec-
tomy increased. We suspected that the unaltered neurological
outcome at 90 days reflected these differences in background by
chance, but other unmeasured confounding factors may be asso-
ciated with the 90-day mRS scores in conjunction with poten-
tial selection bias. Another explanation is that the improvement
of 11 min after implementation of the JUST score was insuffi-
ciently large to improve the mRS score. A previous meta-analysis
reported that a 1-hour delay was associated with lower func-
tional independence with an OR of 0.81.

The JUST score can distinguish simultaneously between
LVO, ICH, SAH, and other types of stroke. Thus, its usefulness
in predicting several types of stroke extends beyond merely
assisting with the transportation of patients with suspected
stroke.” However, 38% of patients with suspected stroke were
not triaged with the JUST score after its implementation in the
EMS. The proportion of patients who were determined not
to have a stroke at the final diagnosis was significantly higher
among those who were not triaged with the JUST score after its
implementation. We supposed that these patients were intuitively
judged to have a low probability of stroke by the EMS. However,
3.3% of patients were determined to have LVO at the final diag-
nosis. These patients were less likely to undergo thrombectomy
and had a lower probability of regaining physical independence
(defined as an mRS score of 0-2) despite the similarities in the
success rate at the first request to the hospital, on-scene time,
and transport time. Therefore, it is important for EMS to use
the JUST score as much as possible and transport the patient to
the appropriate hospital based on the established transportation
rules for patients with suspected stroke. Hiroshima City started
to use the JUST-7 score after completion of this study, which is a
simplified prehospital stroke triage scale with only seven items.”

This study had several limitations. The most important risk of
bias was the selection of patients enrolled, who were triaged by
EMS. The only inclusion criterion for this study was a suspected
stroke judged by the EMS and subsequent transport to the partic-
ipating hospital. Because we developed the JUST score for use in
a wide range of patients, we did not limit the symptoms or signs
of the candidate patients in the study during its development and
daily clinical use. Second, we introduced a real-time information
system which provided the availability of thrombectomy and the
predicted D2P of the candidate hospitals when the JUST score

was implemented. Although the information of predicted type
of stokes and likelihood of LVO was necessarily based on the
JUST score, the introduction of the information system partially
contributed to the shorter D2P in patients with LVO. Third,
we did not follow-up the patients, apart from those with LVO.
Because the motivation for the development of JUST scores was
the optimization of prehospital care for all types of stroke, future
studies should investigate the prognosis of such patients with
other types of stroke (ie, besides LVO) or even those without
stroke. These investigations could attest to the effectiveness
of the region-wide implementation of the JUST score and its
generalizability outside Japan. Finally, the success rate of the
first request to the hospital increased moderately (from 76.3%
to 79.7%), although we developed the application of a real-time
information sharing system. This moderate improvement was
limited by the congestion of emergency rooms or occupation of
operation rooms for thrombectomy and these situations were
not reflected on the application in real time. However, the 3.4%
improvement would be still relevant because one of 29 (1/0.034)
patients with suspected stroke would be transported without
unnecessary delay. Therefore, the implementation of prehos-
pital stroke triage scale should be conducted in conjunction with
improvement of in-hospital emergency care.

CONCLUSIONS

The region-wide use of the prehospital stroke triage scale by
EMS improved the success rate at the first request to the hospital
for patients with suspected stroke. The prehospital stroke triage
scale was also associated with a shortened D2P for patients
who underwent thrombectomy for acute LVO, although 11 min
reduction was insufficient to improve their disability at 90 days.
Further efforts to make substantial reduction in time from onset
to door or reperfusion should be investigated with prehospital
management to improve the clinical outcomes in patients with
acute stroke.
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Supplemental Figure 1. Triage system using the JUST score on a mobile device
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Supplemental Figure 2. Participating hospitals in Hiroshima City
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Black dot: Thrombectomy-capable hospitals
Double circle: rt-PA only hospitals

rt-PA: recombinant tissue plasminogen activator
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Supplemental Table 1. Hiroshima City Fire Department

Fire Department Sub-division

Naka Ote; Hakushima; Motomachi; Eba

Higashi Hikari; Fukuda; Nukushina; Hesaka

Minami Danbara; Suijyo; Aosaki; Higashihonura; Ujina; Ninoshima
Nishi Miyako; Misasa; Koi; Kogo; Inokuchi

Asaminami Sato; Kamiyasu; Gion; Numata

Asakita Nakashima; Kabe; Shiraki; Koyo; Asa; Akiota
Aki Kaita; Senogawa; Yano; Kumano; Saka

Saeki Itsukaichi; Yuki; Yahata; Kairoen; Ishiuchi
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Supplemental Table 2. Difference in patients who triaged and not triaged with JUST score after

implementation of JUST score

Total cohort (n=2406)

Age, years, mean (SD)
Men, n (%)
Systolic blood pressure, mmHg, mean (SD)
Diastolic blood pressure, mmHg, mean (SD)
Final diagnosis

LVO, n (%)

ICH, n (%)

SAH, n (%)

Cl, n (%)

No stroke, n (%)
Success of the first request to hospital, n (%)
On-scene time, min, median [IQR]
Transport time, min, median [IQR]

Patients with LVO (n=186)

Age, years, mean (SD)
Men, n (%)
Systolic blood pressure, mmHg, mean (SD)
Diastolic blood pressure, mmHg, mean (SD)
mRS before onset, median [IQR]
NIHSS, median [IQR]
ASPECTS (CT or MRI), median [IQR]
Occlusion site
Anterior circulation, n (%)
Internal carotid artery or M1 segment of the
middle cerebral artery, n (%)
Success of the first request to hospital, n (%)
On-scene time, min, median [IQR]
Transport time, min, median [IQR]
Onset to door time, min, median [IQR]

Triaged with
JUST score
(n=1484)
72.4 (14.7)
828 (55.8)
163.9 (33.1)
90.3 (21.7)

156 (10.5)
305 (20.6)
65 (4.4)
465 (31.3)
493 (33.2)
1175 (79.2)
18 [14-22]
10 [6-16]
Triaged with
JUST score
(n=156)
79.0 (11.9)
78 (50.0)
154.1 (27.5)
86.4 (22.1)
0[0-2]

20 [14-28]
7 [5-9]

147 (94.2)

113 (72.4)

127 (81.4)
18 [14-22]
11 [7-17]
96 [47-366]

Not triaged with

JUST score
(n=922)
70.0 (19.3)
462 (50.1)
152.6 (35.0)
84.7 (21.8)

30 (3.3)
100 (10.9)
44 (4.8)
102 (11.1)
646 (70.1)
742 (80.5)
17 [13-23]
9[6-14]

Not triaged with

JUST score
(n=30)
83.8 (10.3)
8 (26.7)
153.3 (29.7)
80.1 (15.5)
1[0-3]
22 [15-28]
6 [3-8]

27 (90.0)

17 (56.7)

25 (83.3)
16 [13-21]
9 [6-14]
426 [156-1534]

P Value

0.0004
0.007
< 0.0001
< 0.0001

< 0.0001

0.44
0.18
0.0002

P Value

0.04
0.02
0.89
0.16
0.57
0.71
0.10

0.39

0.08

0.80
0.42
0.13
0.09
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Second transfer to another hospital, n (%) 3(1.6) 0 (0) 0.44
rt-PA, n (%) 49 (31.4) 3(10.0) 0.02
Thrombectomy, n (%) 77 (49.4) 7 (23.3) 0.01
D2P, min, median [IQR] 72 [57-97] 95 [70-104] 0.16
P2R, min, median [IQR] 44 [30-67] 69 [12-117] 0.56
TICI 2b/3, n (%) 69/77 (89.6) 3/4 (75.0) 0.36
mRS 0-2 at 90 days, n (%) 59/153 (38.6) 4/23 (17.4) 0.048
Death up to 90 days, n (%) 22/153 (14.4) 5/23 (21.7) 0.36

JUST, Japan Urgent Stroke Triage; SD, standard deviation; IQR, interquartile range; LVO, large
vessel occlusion; ICH, intracranial hemorrhage; SAH, subarachnoid hemorrhage; Cl, cerebral
infarction other than LVO; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke
Scale; ASPECTS, Alberta Stroke Program Early CT Score; rt-PA, recombinant tissue plasminogen
activator; D2P, door to puncture time; P2R, puncture to reperfusion time; TICI, thrombolysis in

cerebral infarction; CT, computed tomography; MRI, magnetic resonance imaging
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