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Communication-type smartphone application can contribute
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Kenichiro Sakai1 & Takeo Sato1
& Teppei Komatsu1

& Hidetaka Mitsumura1 & Yasuyuki Iguchi1 & Toshihiro Ishibashi2 &

Yuichi Murayama2 & Kohei Takeshita3 & Hiroyuki Takao2,3

Received: 6 January 2021 /Accepted: 20 February 2021
# Fondazione Società Italiana di Neurologia 2021

Abstract
Background and objectives Communication-type medical smartphone applications enable text, neuroimaging, photos, and
videos to be shared securely among the stroke team. Our aim was to investigate whether use of a smartphone application would
shorten the duration from admission to reperfusion therapy in patients with hyper-acute ischemic stroke.
Methods Enrolled were acute ischemic stroke patients who underwent reperfusion therapy (intravenous tissue plasminogen acti-
vator (IV t-PA) and mechanical thrombectomy (MT)) at our hospital between October 2012 and September 2018. We divided the
patients into two groups based on the date of availability on smartphones of communication-type medical application: (1) Control
group, conventional communication prior to September 2015, and (2) App group, communication via the smartphone app from
October 2015 onwards. We compared door-to-image time (DIT), image-to-needle time (INT), door-to-needle time (DNT) for
thrombolysis, and DIT, image-to-puncture time (IPT), and door-to-puncture time (DTP) for thrombectomy between the groups.
Results We retrospectively enrolled 139 patients (68% male; median age, 69 years; median NIHSS score, 7) who were assigned
into the App group (n = 86) and Control group (n = 53). Of the overall patients, 109 underwent IV t-PA (IV t-PA alone, 79
patients), and 63 underwent MT (MT alone, 30 patients), and 33 patients underwent combined IV t-PA and MT. There was no
significant difference in DIT between the App and Control groups (23 min vs. 22min, p = 0.493). DNT, DPT, INT, and IPT were
significantly shorter in the App group than in the Control group (DNT, 62 min for the App group vs. 72 min for Control group, p
= 0.038; INT, 42 vs. 48 min, p = 0.009; DPT, 106 vs. 129 min, p = 0.046; IPT, 89 vs. 117 min, p = 0.004).
Conclusion The present findings indicate that communication-type medical smartphone apps have potential for shortening the
time elapsed between admission and reperfusion therapy, especially INT and IPT.
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Introduction

The effectiveness of administration of intravenous tissue plas-
minogen activator (IV-tPA) and mechanical thrombectomy

(MT) has been proven for treatment of patients with acute ische-
mic stroke [1–5]. A meta-analysis found that the benefits are
highly time dependent: earlier IV-tPA and MT are associated
with reduced disability, mortality, and risk of complications such
as symptomatic intracranial hemorrhage [6–10]. Therefore, after
the decision has been made to administer this therapy, the stroke
team must initiate the treatment as soon as possible.

At hospitals where reperfusion therapy is performed, it is
extremely important to establish a stroke care system to short-
en the time taken at each of the steps between onset and re-
perfusion, i.e., from admission to imaging, imaging to punc-
ture, and puncture to recanalization. The Target: Stroke initia-
tive [7] developed a stroke algorithm system designed to re-
duce the time taken until treatment that codes single-call acti-
vation systems, stroke tools, rapid brain imaging, and labora-
tory testing.
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Recently, social networks using smart device such as
smartphones and tablet terminal have become widespread
and indispensable tool for patients and neurologists [11, 12].
Furthermore, it has been suggested that this digitization pro-
cess may be accelerated in the stroke care after a global emer-
gency represented by the COVID-19 pandemic [13]. Already,
several stroke centers have trialed a medical information and
communication technology (ICT) smartphone applications
[14, 15] with the aim of shortening IV-tPA andMT times from
onset. These applications perform task management and time
tracking for reperfusion therapy, and present this information
visually for sharing among the stroke team.

In the present study, we used a communication-type medical
ICT smartphone application to build a seamless system for
information sharing within the stroke team, similar to a social
networking service. Within the application, the team can share
texts, neuroimaging, photos, and videos with high security.
This information be referred to independently at any time by
each member of the specialized stroke team, whether they are
physically at the hospital or not, for decision making regarding
reperfusion therapy. Some previous studies have reported a
reduction in reperfusion therapy time by using a smartphone
application as a communication tool, but the applications did
not incorporate a time tracker. The aim of the present study was
to evaluate the ability of a communication-type medical appli-
cation to reduce the time from hospitalization to reperfusion
therapy, and thus improve patients’ functional outcomes.

Methods

The authors declare that all supporting data are available with-
in the article.

Study design

This retrospective study included consecutive ischemic stroke
patients with acute ischemic stroke who underwent thromboly-
sis and/or mechanical thrombectomy between October 2012
and September 2018. Patients’ clinical information, including
cardiovascular risk factors (hypertension, diabetes mellitus,
dyslipidemia, smoking status) and past history of atrial fibrilla-
tion, was obtained from the Jikei University School of
Medicine Stroke Registry (Jikei Stroke Registry), a prospective
database of patients with acute stroke admitted to Jikei
University Hospital, a tertiary medical center located in the
center of the Tokyo metropolitan area. Stroke severity on ad-
mission was assessed using the National Institutes of Health
Stroke Scale (NIHSS) score [16]. Using the criteria of the
Trial of ORG 10172 in Acute Stroke Treatment (TOAST)
[17], stroke subtype was categorized into five groups: small-
vessel occlusion, large-artery atherosclerosis, cardioembolism,
other determined etiology, and undetermined.

Our stroke center has communication-type medical appli-
cation JOIN (Allm Inc, Tokyo, Japan) to sharing of
neuroimages and teleconsultation. This smartphone applica-
tion has a different purpose than neuroimaging and
teleconsulting. This app allows you to post short message
services (SMS) and DICOM images to authorized groups,
reducing the effort and hurdles required for sharing informa-
tion within the Stroke Team. This allows Stroke Team mem-
bers to make quick decisions even when they are in remote
locations or organizations. In addition, the user interface sim-
ilar to application of social networking services allows intui-
tive sharing of medical information such as diagnostic images
(CT, MRI, and ultrasonography) with the stroke team [18].
JOIN is GDPR (General Data Protection Regulation) and
HIPPA (Health Insurance Portability and Accountability
Act) compliant and meets privacy standards in many
countries.

This study conformed to the ethical principles established
in the Declaration of Helsinki, and the Institutional Review
Board of Jikei University School of Medicine, Japan, ap-
proved the study protocol (No. 8813). The board waived the
need for patient consent.

Statistical analysis

We divided the patients into two groups based on the date of
availability on smartphones of communication-type medical
application: (1) Control group, conventional communication
prior to September 2015, and (2) App group, communication
via the smartphone application from October 2015 onwards.
We compared door-to-image time (DIT), image-to-needle
time (INT), door-to-needle time (DNT) for thrombolysis,
and DIT, image-to-puncture time (IPT), and door-to-
puncture time (DTP) for thrombectomy between the groups.
Continuous variables were summarized using medians (inter-
quartile range [IQR]) and categorical variables were expressed
as counts (%).We compared the clinical backgrounds, elapsed
time (DIT, INT, DNT, IPT, DPT), efficacy, and safety out-
comes (recanalization rate at 24 h after reperfusion therapy,
symptomatic intracranial hemorrhage at 24 h, neurologic de-
terioration at 24 h, modified Rankin scale [mRS] at discharge
and 90 days, mortality at 90 days) between the two groups
using the chi-square test or Mann–Whitney U test, as appro-
priate. Symptomatic intracranial hemorrhage was defined ac-
cording to the European Cooperative Acute Stroke Study III
criteria [2] as the presence of extravascular blood in the cra-
nium that was associated with an increase in the NIHSS score
of ≥ 4 points or with death, and judged to be the predominant
cause of neurologic deterioration. Recanalization was defined
as modified MORI grade > 2 on MR angiography [19].
Neurologic deterioration was defined as an increase in
NIHSS score of ≥ 4 points within 24 h after stroke that was
not attributed to intracranial hemorrhage or malignant cerebral
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edema. A two-tailed P < 0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS for Windows version 25.0 (SPSS, Chicago, IL).

Results

Clinical background

We retrospectively enrolled 139 consecutive patients (68%
male; median age, 69 years; median NIHSS score, 7).
Table 1 lists patients’ clinical characteristics. Of the 139 pa-
tients, 86 were assigned into the App group and 53 were
assigned into the Control group. Of all patients, 109
underwent IV t-PA, of which 76 underwent IV t-PA alone;
63 underwent MT, of which 30 underwent MT alone; and 33
patients underwent combined IV t-PA and MT.

IV-tPA after admission

Sixty-four patients in the App group and 45 patients in the
Control group were treated with IV-tPA. There was no signif-
icant difference in DIT between the App and Control groups
(23 min vs. 22 min, p = 0.493). In contrast, INT and DNT
were significantly shorter in the App group than the Control
group (INT, 42 min for the App group vs. 48 min for the

Control group, p = 0.006; DNT, 62 vs. 72 min, p = 0.038,
Fig. 1).

Mechanical thrombectomy after admission

Forty-two patients in the App group and 21 patients in the
Control group underwent mechanical thrombectomy. There
was no significant difference in terms of DIT between the
two groups (22 vs. 23 min, p = 0.493). However, IPT and
DPT were significantly shorter in the App group than in the
Control group (IPT, 75 vs. 94 min, p = 0.002; DPT, 100 vs.
129 min, p = 0.022; Fig. 2).

Efficacy and safety outcomes

Table 2 shows the efficacy and safety outcomes for the two
groups. There was no statistically significant difference be-
tween the App and Control groups from onset to 24 h after
onset in terms of recanalization rate, symptomatic intracranial
hemorrhage, or neurologic deterioration (recanalization, 66%
vs. 72%, p = 0.53; symptomatic intracranial hemorrhage, 1%
vs. 4%, p = 0.264; neurologic deterioration, 9% vs. 15%, p =
0.216). In terms of outcome, there was no difference in mRS
at discharge and 90 days between the App and Control groups
(mRS at discharge, 2 vs. 2, p = 0.215; mRS at 90 days, 1 vs. 2,
p = 0.554). Of note, mortality at 90 days was lower in the App

Table 1 Patient characteristics
App group (n = 86) Control group (n = 53) p

Age (years), median (IQR) 66 (54–79) 71 (64–78) 0.184

Male, n, % 57 (66) 37 (70) 0.405

Past history

Hypertention, n, % 52 (61) 38 (72) 0.122

Hyperlipidemia, n, % 28 (33) 26 (49) 0.04

Diabetes melllitus, n, % 20 (23) 12 (23) 0.553

Atrial fibrillation, n, % 19 (22) 14 (26) 0.351

Prestroke mRS, median (IQR) 0 (0–1) 0 (0–0) 0.062

NIHSS score on admission, median (IQR) 6 (3–15) 9 (5–18) 0.027

TOAST classification, n, % < 0.01

Large-artery atherosclerosis, n, % 8 (9) 15 (28)

Small-vessel occlusion, n, % 4 (5) 2 (4)

Cardioembolism, n, % 33 (38) 25 (47)

Other determined ethiology, n, % 3 (4) 5 (10)

Undetermined, n, % 28 (33) 6 (11)

Major artery occlusion, n, % 62 (72) 43 (81) 0.692

Treatment 0.332

tPA, n, % 44 (51) 32 (60)

Mechanical thrombectomy, n, % 22 (26) 8 (15)

tPA+mechanical thrombectomy, n, % 20 (23) 13 (25)

mRS modified Rankin scale, NIHSS national institute health stroke scale, TOAST Trial of ORG 10172 in Acute
Stroke Treatment
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group than the Control group (2% vs. 13%, p = 0.014). There
was no difference between the groups in terms of mRS at 90
days in patients who underwent tPA alone. However, the per-
centage of good outcome at 90 days showed a tendency to be
higher in patients who underwent MT alone, IV t-PA with
MT, or MT with or without IV t-PA (supplementary 1).

Discussion

The results of the present study showed shorter DNT and DPT
values for patients in the App group. In particular, treatment
was most rapid for patients in this group who underwent MT.
In addition, there were no difference DPT between the App
group and Control group, but INT and IPT was shorter in the
App group. The mRS at discharge and 90 days was similar

between the groups, although mortality at 90 days was lower
in the App group.

Our study found that use of the smartphone app reduced the
DNT and DPT values. Specifically, shortening INT and IPT
contributed to shortening DNT and DPT. A previous study
has reported that use of a medical acute care coordination app
decreased mean DNT by 40 min [20, 21]; however, they did
not investigate the cause of shortened DNT in detail. We con-
sider that DNT and DPT were shorter with use of the
smartphone app for the following reasons. Cooperation within
the professional stroke treatment team is very important in
reperfusion therapy. After rapid medical examination and neu-
roimaging have been performed, the stroke patient is
transported to the ward, the operating room/angiography room
is prepared, and the cerebrovascular specialist, anesthesiolo-
gist, and ICU/SCU physicians are contacted. Arranging each
of these steps conventionally by telephone is time intensive; in

Fig. 1 Time from admission to
initiation of IV-tPA. INT and
DNT were significantly shorter in
the App group than the Control
group. DIT door to image time,
INT image to needle time, DNT
door to needle time

Fig. 2 Time from admission to
initiation of mechanical
thrombectomy. IPT and DRT
were significantly shorter in the
App group than the Control
group. DIT door to image time,
INT image to needle time, DNT
door to needle time
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comparison, communication via a smartphone app using a
server-based network can instantly share patient medical in-
formation among the stroke team, including text and neuro-
imaging, in one simple action. Because it is available imme-
diately after sharing, medical information can be evaluated via
common chat room interfaces, thereby facilitating real-time
discussions by the team. Task manager-type and time
tracker-type apps cannot perform the function of communica-
tion among the stroke team. We consider that using the
smartphone app saved process and communication time in
coordinating reperfusion therapy, which requires collabora-
tion of an interdisciplinary team.

Use of the smartphone app shortenedDNT andDPT but was
not related to favorable outcome at 3 months, for the reason that
our cohort containedmany patients with non-severe stroke. The
favorable outcome rate was very high in both of the present
groups compared with those reported previously [9, 22].
Previous studies have reported that in-hospital medical apps
[15, 20], telestroke evaluation [23], and treatment by a mobile
stroke unit [23, 24] reduced DNT, but to the best of our knowl-
edge, none studied the relationship between favorable outcome
and improvements in the stroke care system.

There are some limitations of the present study. We spec-
ulate that our results may have been affected by its small
sample size, single-center design, retrospective cohort, and
efforts to reduce time for IV t-PA and MT for code stroke
system. Further large-scale trials are required to confirm the
effect of the smartphone app on reducing time to initiation of
reperfusion therapy.

Conclusion

Use of a communication-type medical smartphone app re-
duced the time from admission to initiation of reperfusion

therapy compared with the conventional communication
method. The time saving effect was higher for MT than for
IV t-PA.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10072-021-05132-2.
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