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Abstract: Background and Objectives: Delay of reperfusion therapy is related to high mortality in
cases of ST-segment elevation myocardial infarction (STEMI). Guidelines emphasize that the first-
medical-contact-to-balloon (FMCTB) time should be within 90 min. A mobile cloud-based 12-lead
electrocardiogram (MC-ECG) transmission system might be useful in such cases, especially in rural
areas. Materials and Methods: From April 2019 to June 2021, both an MC-ECG transmission system
and the conventional method in which a physician checks the ECG in a hospital (Conventional)
were used for transport by emergency medical services in Shin-Yukuhashi Hospital, Fukuoka, Japan.
During this period, 8684 consecutive patients were transported to this hospital. Among them, we
investigated 48 STEMI patients. The MC-ECG group (n = 23) and the Conventional group (n = 25)
were enrolled. Results: There was no significant difference in FMCTB time between the MC-ECG
and Conventional groups (MC-ECG: 72.0 (60.5–107) min vs. Conventional: 80.0 (63.0–92.0) min, p
= 0.77). The length of hospital stay in the MC-ECG group was significantly shorter than that in the
Conventional group (12.0 (10.0–15.0) days vs. 16.0 (12.0–19.0) days, p = 0.039). The logistic regression
model showed that patients’ non-use of MC-ECG was associated with a risk of more than 15-day
length of hospital stay with an adjusted odd ratio of 0.08 (95% CI: 0.013–0.55, p = 0.0098). Conclusions:
Using the MC-ECG, the length of hospital stay in patients with STEMI was significantly reduced.

Keywords: mobile cloud-based 12-lead electrocardiogram transmission system; emergency medical
service; ST-segment elevation myocardial infarction; early reperfusion therapy; hospital stay

1. Introduction

Myocardial infarction is still the leading cause of sudden death in Japan. Kitamura
et al. reported that 56.1% of out-of-hospital deaths in Japan were of cardiac origin [1].
ST-segment elevation myocardial infarction (STEMI) patients will suffer the risks of later
adverse cardiac events, even after they survived. Sawano et al. analyzed a Japanese
nationwide cohort and reported that the overall 30-day all-cause mortality rate was 3.0%
and the overall 1-year incidence of all-cause death was 7.1%. This report indicates the
necessity of improving care for STEMI [2].

For STEMI patients, the guidelines of the Japanese Circulation Society [3], American
Heart Association [4], and European Society of Cardiology [5] recommend that primary per-
cutaneous coronary intervention (pPCI) as revascularization therapy should be performed
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within 90 min from the arrival of the emergency medical service (EMS). In other words,
these guidelines recommend that the first-medical-contact-to-balloon (FMCTB) time should
be less than 90 min. To improve clinical outcomes in patients with STEMI, prehospital
care is important, as with other medical therapy. The national average transport time in
Japan is 39.5 min [6]. Therefore, when a patient arrives at a hospital, there are only about
50 min left to achieve revascularization within 90 min. The Keichiku area is located in
eastern Fukuoka, Japan, and has a population of around 183,300 [7,8]. There are only
2 pPCI-capable hospitals in this area. While most patients transported to Shin-Yukuhashi
Hospital come from less than 20 km (12.4 miles) away, some are transported from up to 45
km (28 miles) away. Therefore, patients who live in such a rural area have a handicap in
time-to-treatment.

Previous studies have shown that prehospital 12-lead electrocardiogram (ECG) re-
duced the relative risk of 30-day mortality in patients with STEMI [9,10]. However, with
this system, the ECG must be checked at the hospital. A mobile cloud-based 12-lead electro-
cardiography (MC-ECG) system can upload 12-lead ECG to the cloud from an ambulance in
the field via Bluetooth and a 3G network [11–13]. By using MC-ECG, a medical doctor such
as an on-call cardiologist was able to check the 12-lead ECG from the ambulance while at
his/her home, on a tablet. The cardiologist could then immediately convene an emergency
catheter team from outside the hospital. The ECG in the cloud is encrypted and personal
information is protected. In light of these observations, we investigated whether MC-ECG
shortened FMCTB time in patients with STEMI who were transported to Shin-Yukuhashi
Hospital.

2. Materials and Methods
2.1. Study Design

The protocol was approved by the Independent Review Board of Fukuoka University
and Shin-Yukuhashi Hospital (U20-06-012). The MC-ECG system (SCUNA, Mehergen
Group Holdings, Fukuoka, Japan) was introduced sequentially in the Keichiku area from
April 2019 to June 2021. During this period, EMS in the Keichiku area used both an MC-
ECG system and a conventional system in which a medical doctor checks the ECG at
the hospital. We retrospectively collected data for 8684 consecutive emergency cases at
Shin-Yukuhashi Hospital from April 2019 to June 2021. The patient selection criteria are
shown in Figure 1. We divided these cases into patients who were managed with an MC-
ECG system (MC-ECG group, n = 584) and those who were managed with a conventional
system (Conventional group, n = 8100). We excluded patients who suffered from non-acute
coronary syndrome (ACS) and non-STEMI, those who had already been diagnosed with
STEMI by other medical institutions, those who had undergone pacemaker implantation,
those who suffered from vasospastic angina, those who had history of coronary artery
bypass graft surgery, those who had cardiac arrest before reperfusion, those who had
received intubation or extracorporeal membrane oxygenation before reperfusion, those
who did not undergo pPCI, those who had no available data, those with serious infectious
disease, and those who had failure of transmission electrocardiogram system. STEMI
was defined as biomarker evidence of myocardial injury with rise and/or fall of cardiac
troponin value above the 99th percentile upper reference limit, with chest discomfort or
other ischemic symptoms and ECG change including new ST elevation at the J-point in
two contiguous leads with the cut-point: ≥1 mm in all leads other than leads V2–V3 where
the following cut-points apply: ≥2 mm in men ≥40 years; ≥2.5 mm in men <40 years,
or ≥1.5 mm in women regardless of age, increased hyperacute T wave amplitude with
prominent symmetrical T waves in at least two contiguous leads, and/or new bundle
branch blocks with ischemic repolarization patterns and/or development of pathologic
Q waves on ECG [14]. Finally, 48 STEMI patients were transported to Shin-Yukuhashi
Hospital and subjected to pPCI. We compared the 23 patients in the MC-ECG group to the
25 patients in the Conventional group.
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Figure 1. Patient selection criteria. EMS: emergency medical service, MC-ECG: mobile cloud 12-
lead electrocardiogram, ACS: acute coronary syndrome, UAP: unstable angina pectoris, Type3 MI:
Type3 myocardial infarction, STEMI: ST-segment elevation myocardial infarction, pPCI: primary
percutaneous coronary intervention, CA: cardiac arrest, VA-ECMO: veno-arterial extracorporeal
membrane oxygenation. Type 3 MI is defined as patients who suffer cardiac death, with symptoms
suggestive of myocardial ischemia accompanied by presumed new ischemic electrocardiogram
changes or ventricular fibrillation, but who die before blood samples for biomarkers can be obtained,
or before increases in cardiac biomarkers can be identified, or MI is detected by autopsy examination.

2.2. Baseline Characteristics

Age, gender, body mass index, current or past smoker, hypertension, diabetes mel-
litus, dyslipidemia, chronic kidney disease, and history of ischemic heart disease were
investigated. Body mass index (BMI) was calculated as body weight (kg)/height (m)2 and
BMI ≥ 25 kg/m2 patients were defined as obese. The transport distance and the rate of
off-hour arrival were also investigated, where off-hour was defined as 6:00 p.m.–7:00 a.m.

2.3. Clinical Pathology and Outcomes of STEMI

Killip classification, culprit coronary artery, number of diseased vessels, peak creatine
phosphokinase (CK), peak CK-MB, left ventricular ejection fraction, brain natriuretic pep-
tide (BNP), 30-day mortality, length of stay in the intensive care unit (ICU), and length of
hospital stay were investigated.

2.4. Transport Time

Collapse-to-first-medical-contact time, collapse-to-balloon time, FMCTB time, door-
to-catheter lab room time, and door-to-balloon time were investigated. We defined first
medical contact as the time the ambulance arrived at the scene. Balloon time was defined as
when the first balloon was inflated or when a thrombus aspiration catheter was deployed.

2.5. Statistical Analyses

All data analyses were performed using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria) [15]. More precisely, it is a modified version of R
commander designed to add statistical functions frequently used in biostatistics. Continu-
ous variables with a normal distribution are expressed as mean ± standard deviation and
compared between the groups by Student’s t-test. Continuous variables with a non-normal
distribution are expressed as a median (interquartile range) and compared between the
groups by the Mann–Whitney U test. Differences were evaluated by a two-sided test with
an alpha level of 0.05. Categorical variables were compared between the groups by the chi-
square test, and variables with expected values less than 5 were compared by Fisher’s exact
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test. When we convert continuous variables into categorical variables, we draw receiver
operating characteristic (ROC) curves to set appropriate cut-offs. We used multivariable
logistic regression to control for the potentially confounding roles of five variables: age,
sex, the use of MC-ECG, and two variables which were selected by backward stepwise
method. If these continuous variables were with a non-normal distribution, they were
logarithmically converted or were squared. A value of p < 0.05 was considered significant.

3. Results
3.1. Patient Characteristics at Baseline

Table 1 shows the patient characteristics at baseline. In all patients (n = 48), age, per-
centage of males, and BMI were 77.5 (67.3–81.0) years, 72.9% (n = 35), 23.5 (21.5–26.1) kg/m2,
respectively. The percentage of current and past smokers in the MC-ECG group was signifi-
cantly higher than that in the Conventional group (p = 0.045). There were no differences
in the percentages of hypertension, diabetes mellitus, dyslipidemia, chronic kidney dis-
ease, and the history of ischemic heart disease between the MC-ECG and Conventional
groups. In all patients, transport distance and the percentage of off-hour arrival were
8.5 (5.6–16.1) km and 43.8% (n = 21), respectively, and there were no significant differences
in these factors between the groups.

Table 1. Patient characteristics.

Variables
MC-ECG Group Conventional Group

p-Value
(n = 23) (n = 25)

Age, years 76.0 (61.5–80.5) 78.0 (71.0–82.0) 0.4
Male, n (%) 16 (69.6) 19 (76.0) 0.8
Body mass index, kg/m2 24.6 ± 4.0 23.3 ± 4.0 0.3
Current and past smoker, n (%) 17 (73.9) 11 (44.0) 0.045
Hypertension, n (%) 15 (65.2) 20 (80.0) 0.3
Atrial fibrillation, n (%) 2 (8.7) 2 (8.0) 1.0
Diabetes mellitus, n (%) 6 (26.1) 10 (40.0) 0.4
Dyslipidemia, n (%) 12 (52.2) 12 (48.0) 1.0
Chronic kidney disease, n (%) 5 (21.7) 7 (28.0) 0.7
Hemodialysis, n (%) 0 (0) 1 (4.0) 1.0
Past history of IHD, n (%) 6 (26.1) 5 (20.0) 0.7
Left ventricular ejection fraction, (%) 51.7 ± 11.9 51.7 ± 11.6 1.0
BNP, pg/mL 53 (24–125) 68 (27–229) 0.6
Transport distance, km 7.1 (5.8–14.2) 9.4 (5.3–19.0) 0.7
Arrival in off hour, n (%) 11 (47.8) 10 (40.0) 0.8

MC-ECG: mobile cloud 12-lead electrocardiogram, IHD: ischemic heart disease, BNP: brain natriuretic peptide,
off-hour: defined as 6:00 p.m.–7:00 a.m.

3.2. Clinical Pathology and Outcomes

Table 2 shows the clinical pathology of STEMI. Among all patients, 37.5% of patients
were Killip I (n = 18) and 25.0% were Killip IV (n = 12). Among all patients, 91.7% of
patients got TIMI 3 flow grade after procedure. The most common culprit coronary artery
was the left anterior descending artery (45.8%, n = 22) and 75.0% of patients had multivessel
disease (n = 36), again among all patients. There were no significant differences in clinical
pathology of STEMI between the MC-ECG and Conventional groups.
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Table 2. Clinical pathology of STEMI.

Variables
MC-ECG Group Conventional Group

p-Value
(n = 23) (n = 25)

Killip classification, n (%) 0.2
I 7 (30.4) 11 (44.0)
II 9 (39.1) 4 (16.0)
III 3 (13.0) 2 (8.0)
IV 4 (17.4) 8 (32.0)
Culprit coronary artery, n (%) 0.3
Left main trunk 0 (0.0) 3 (12.0)
Left anterior descending
artery 13 (56.5) 9 (36.0)

Left circumflex artery 2 (8.7) 2 (8.0)
Right coronary artery 8 (34.8) 11 (44.0)
Diseased Vessel, n (%) 0.4
Single 8 (34.8) 4 (16.0)
Double 8 (34.8) 10 (40.0)
Triple 7 (30.4) 11 (44.0)
Post-procedural TIMI flow
grade, n(%) 1.0

0 0 (0) 0 (0)
1 0 (0) 1 (4.0)
2 1 (4.3) 2 (8.0)
3 22 (95.7) 22 (88.0)
IABP, n (%) 2 (8.7) 2 (8.0) 1.0

STEMI: ST-segment elevation myocardial infarction, MC-ECG: mobile cloud 12-lead electrocardiogram, Diseased
Vessel was defined as over 50% stenosis, IABP: intra-aortic balloon pumping.

Table 3 shows the clinical outcomes. In all patients, peak CK and CK-MB were 958
(532–2329) IU/L and 85 (44–299) IU/L, respectively. The 30-day mortality was 2.1% (n = 1),
and the patient, who was in the MC-ECG group, died due to cerebral embolism. Length of
stay in the ICU was 3.0 (2.0–3.3) days in all patients. There were no significant differences in
the 30-day mortality and length of stay in the ICU between the MC-ECG and Conventional
groups. On the other hand, length of hospital stay in the MC-ECG group was significantly
shorter than that in the Conventional group (p = 0.04).

Table 3. Clinical outcomes of STEMI.

Variables
MC-ECG Group Conventional Group

p-Value
(n = 23) (n = 25)

Peak CK, IU/L 1031 (583–2554) 956 (325–1725) 0.6
Peak CK-MB, IU/L 85 (49–305) 72 (40–207) 0.4
Complication of heart failure
after PCI, n (%) 7 (30.4) 5 (20.0) 0.5

30-days mortality, n (%) 1 (4.3) 0 (0.0) 0.5
Length of stay in ICU, days 3 (2–3) 3 (2–4) 0.5
Length of hospital stay, days 12 (10–15) 16 (12–19) 0.04

STEMI: ST-segment elevation myocardial infarction, MC-ECG: mobile cloud 12-lead electrocardiogram, CK:
creatine phosphokinase, ICU: intensive care unit.

3.3. Transport Time

As shown in Figure 2, there were no differences in collapse-to-balloon time (138
(92–182) min vs. 105 (96 –161) min, p = 0.66), collapse-to-first-medical-contact time (42.0
(21.5–74.0) min vs. 35.0 (14.0–72.0) min, p = 0.56), FMCTB time (72.0 (60.5–107.0) min vs.
80.0 (63.0–92.0) min, p = 0.77), door-to-balloon time (49.0 (41.0–85.5) min vs. 59.0 (38.0–67.0)
min, p = 0.63), and door-to-catheter laboratory time (24.0 (17.5–44.0) min vs. 24.0 (15.0–41.0)
min, p = 0.73) between the MC-ECG and Conventional groups.
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Figure 2. Transport time. (A) Transport time from collapse at collapse-to-balloon time and collapse-
to-first medical contact time. (B) Transport time after first medical contact at first medical contact-
to-balloon (FMCTB) time, door-to-balloon time, and door-to-catheterization laboratory time. Blue
and red bars indicate the MC-ECG group and Conventional group, respectively. MC-ECG: mobile
cloud-based 12-lead electrocardiogram.

3.4. Multivariable Logistic Regression Analysis to Predict 15-Day or More Hospital Stay

The use of MC-ECG may be associated with length of hospital stay, as shown in
Table 3. As shown in Figure 3, a ROC curve analysis showed that the area under the
curve for length of hospital stay were 0.68 in all patients. The cut-off level of length of
hospital stay that gave the greatest sensitivity and specificity for the use of MC-ECG system
was 15.5 days (sensitivity 0.83, specificity 0.56). We divided the patients into two groups
according to length of hospital stay: equal or less than 15 days and more than 15 days,
and then performed multivariable logistic regression analysis. For the analysis, diabetes
mellitus and peak logarithmically converted CK levels as independent variables were
selected by the stepwise method. Body mass index, current or past smoker, hypertension,
dyslipidemia, chronic kidney disease, history of ischemic heart disease, transport distance,
the rate of off-hour arrival, Killip classification, the number of diseased vessels, the use of
intra-aortic balloon pumping, complication of heart failure after admission, complication of
atrial fibrillation, collapse-to-balloon time, and FMCTB time as variables were eliminated
by a step-wise method.

Figure 4 shows the odd ratios (OR) and 95% confidence intervals (CI) from logistic
regressions of more than 15-day length of hospital stay that adjust for the patient and setting
characteristics as described previously. Patients with diabetes mellitus and logarithmically
converted high levels of peak CK were associated with a high risk of more than 15-day
length of hospital stay, with an adjusted OR of 8.8 (95% CI: 1.3–59.4, p = 0.027) and 19.2 (95%
CI: 2.4–151.0, p = 0.005), respectively. Patients with the use of MC-ECG were associated
with a reduced risk of more than 15-day length of hospital stay with an adjusted OR of 0.08
(95% CI: 0.01–0.55, p = 0.010). Other factors, such as age and gender, were not associated
with a risk of over 15-day length of hospital stay.
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4. Discussion

The main finding in this study was that length of hospital stay in the MC-ECG group
was significantly shorter than that in the Conventional group.

The length of hospital stay in the MC-ECG group was significantly shorter than
that in the Conventional group, although there were no significant differences in clinical
outcomes including peak CK, peak CK-MB, 30-day mortality, length of stay in ICU between
the groups, and the ratio of smoking in the MC-ECG group was higher than that in the
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Conventional group. A possible explanation is that introduction of MC-ECG had improved
the EMS team’s management ability in use of 12-leads electrocardiogram. When an EMS
team suspected ACS and used the MC-ECG system, it could have led to bidirectional
communication between an EMS team and physicians through that procedure. As a result,
it was likely to have reduced the likelihood of transporting an ACS patient to a facility
that is not capable of pPCI or has no board-certified cardiologists [16], and could have
encouraged appropriate prehospital care including appropriate oxygen administration,
avoiding routine administration for the patients [3]. Several reports showed that early
treatment in some conditions has a positive effect on clinical outcomes. Specifically, AMI
patients were treated by cardiologists directly or under consultation between cardiologists
and general physicians [17–20]. The MC-ECG enabled a cardiologist belonging to this
hospital to immediately check and diagnose all patients in the MC-ECG group. Under
these conditions, MC-ECG may have somewhat improved clinical outcomes. The EMS
team communicates with a hospital by their mobile phone. There are only two hospitals
that are able to treat AMI patients in the Keichiku area. According to the 2020 census of
Japan, the population density of whole Fukuoka prefecture was 1029.8 per km2 and that of
the Keichiku area was 322.10 per km2. Reduced hospitalization is a benefit for the whole
population because of the fast turnover of patients. SCUNA should be more useful for
rural hospitals, because sometimes a cardiologist does not remain onsite at a rural hospital
during off-hours. This merit was apparent in this study because the rate of off-hour arrival
was high (43.8%). If the ratio of smoking in the MC-ECG group was similar to that of the
Conventional group, a more favorable result might be shown.

High serum levels of peak CK, the presence of diabetes mellitus, and no use of MC-
ECG were associated with more than 15-day hospital stay (Figure 4). Patients with low
serum levels of peak CK may have recovered from severe clinical condition smoothly and
rehabilitated with a low risk of adverse events [21]. Patients without diabetes mellitus,
which is a strong risk factor for coronary artery disease mortality [22], may have been
discharged from the hospital in a shorter period of time, because they did not need addi-
tional coordination of oral hypoglycemic drug, insulin, nor patient education. On the other
hand, obesity, defined as BMI ≥ 25 kg/m2, was not related with diabetes or other clinical
outcomes [23]. As shown in Supplementary Table S1, the differences of length of hospital
stay were not associated with complications of heart failure. In addition, the length of
hospital stay was not associated with transport time including collapse-to-balloon time,
FMCTB time, door-to-balloon time, or door-to-catheter lab time.

This study cannot demonstrate that MC-ECG was effective for shortening the time
from first medical contact-to-reperfusion in patients with STEMI. Our sample size was
small for evaluating the effectiveness of MC-ECG about FMCTB and door-to-balloon times.
Prehospital 12-lead ECG improved the transport time and 30-day mortality for both STEMI
and non-STEMI patients [24]. Prehospital tele-ECG shortened the door-to-balloon time and
reduced in-hospital mortality in rural acute coronary syndrome patients [25]. Nowadays,
machine learning-based prediction of prehospital 12-lead ECG has been reported [26]. In
the future, EMS might be able to diagnose the severity of acute coronary syndrome using
these systems. MC-ECG was advocated in 2013 [27]. SCUNA is a MC-ECG transmission
system [11–13]. SCUNA was shown to be effective for reducing door-to-balloon time in
patients with acute coronary syndrome [28]. Previous studies, such as Kawakami et al.,
had reported in 2016 [29] that FMCTB time was 97 (82–112) min in the group with the
use of prehospital electrocardiogram. However, we reported FMCTB time was 80 (63–92)
min in this study, even in the Conventional group. Similarly, door-to-balloon time and
door-to-catheter laboratory time of prehospital-ECG group in the previous study were 68
(52–83) min and 27 (20–36) min. However, those of the Conventional group in this study
were 59 (38–67) min and 24 (15–41) min, espectively. There was not a major difference of
achieved time, comparing these studies, even though the previous one was an intervention
group and this study was a Conventional group. Previous studies, such as Kojima et al.,
had reported on Japanese nationwide database of acute myocardial infarction in 2018 [30]
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that the median door-to-balloon time was 81 (53–143) min and collapse-to-balloon time was
230 (141–420) min; this was an analysis of overall AMI including 79.7% STEMI. The report
was based on Japanese nationwide real-world data of AMI. However, we reported that
door-to-balloon time and collapse-to-balloon time were 59 (38–67) min and 138 (92–182)
min in the Conventional group, respectively. Although it is not possible to simply compare
a previous study and this study, the time to reperfusion tended to be shorter in this study. It
may be suggested that Shin-Yukuhashi Hospital had been equipped with a cardiovascular
emergency system, and that the facility had kept a good-working relationship with EMS
from before introduction of the MC-ECG system. These could have been reasons for there
to be no significant differences in collapse-to-balloon time, FMCTB time, door-to-balloon
time, and door-to-catheter lab time, respectively, by using the MC-ECG system.

This study had several limitations. First, this was a single-center, retrospective obser-
vational study, and thus the number of patients might be insufficient. However, we have
demonstrated a part of effectiveness of MC-ECG despite the fact that it is difficult to recruit
STEMI patients in such a rural area. Second, we were unable to indicate positive impact
of MC-ECG on transport time. This result does not correspond to evidence from previous
studies, where the reperfusion timing was strongly associated with clinical outcomes [31–34].
Small sample size must be an influence here. MC-ECG was introduced in the Keichiku
area, Fukuoka, Japan from April 2019. There is a possibility that EMS was not used to the
system at first.

5. Conclusions

We showed that 15-day or less length of hospital stay was significantly associated with
the use of an MC-ECG transmission system.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina58020247/s1, Table S1: Univariate analysis to predict
more than 15-day hospital stay.

Author Contributions: T.A., Y.S. (Yasunori Suematsuand) and S.-i.M. contributed to the conception
or design of the work. A.N., T.I., Y.H., T.T., H.K., H.T. and Y.S. (Yasuhiko Shokyu) contributed to the
acquisition, analysis, or interpretation of data for the work. T.A. and Y.S. (Yasunori Suematsuand)
drafted the manuscript. Y.S. (Yasunori Suematsuand) and S.-i.M. critically revised the manuscript.
All gave final approval and agree to be accountable for all aspects of work ensuring integrity and
accuracy. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and it was approved by the Independent Review Board of Fukuoka
University (U20-06-012).

Informed Consent Statement: Informed consent was obtained in the form of opt-out on the web-site.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kitamura, T.; Iwami, T.; Kawamura, T.; Nitta, M.; Nagao, K.; Nonogi, H.; Yonemoto, N.; Kimura, T.; Japanese Circulation

Society Resuscitation Science Study Group. Nationwide Improvements in Survival from Out-of-Hospital Cardiac Arrest in Japan.
Circulation 2012, 126, 2834–2843. [CrossRef] [PubMed]

2. Sawano, M.; Kohsaka, S.; Ishii, H.; Numasawa, Y.; Yamaji, K.; Inohara, T.; Amano, T.; Ikari, Y.; Nakamura, M. One-Year Outcome
After Percutaneous Coronary Intervention for Acute Coronary Syndrome—An Analysis of 20,042 Patients from a Japanese
Nationwide Registry. Circ. J. 2021, 85, 1756–1767. [CrossRef] [PubMed]

3. Kimura, K.; Kimura, T.; Ishihara, M.; Nakagawa, Y.; Nakao, K.; Miyauchi, K.; Sakamoto, T.; Tsujita, K.; Hagiwara, N.; Miyazaki, S.;
et al. JCS 2018 Guideline on Diagnosis and Treatment of Acute Coronary Syndrome. Circ. J. 2019, 83, 1085–1196. [CrossRef]

4. O’Gara, T.P.; Kushner, F.G.; Ascheim, D.D.; Casey, D.E., Jr.; Chung, M.K.; de Lemos, J.A.; Ettinger, S.M.; Fang, J.C.; Fesmire, F.M.;
Franklin, B.A.; et al. 2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: A report of the
American College of Cardiology Foun-dation/American Heart Association Task Force on Practice Guidelines. Circulation 2013,
127, e362–e425. [CrossRef]

https://www.mdpi.com/article/10.3390/medicina58020247/s1
https://www.mdpi.com/article/10.3390/medicina58020247/s1
http://doi.org/10.1161/CIRCULATIONAHA.112.109496
http://www.ncbi.nlm.nih.gov/pubmed/23035209
http://doi.org/10.1253/circj.CJ-21-0098
http://www.ncbi.nlm.nih.gov/pubmed/34162778
http://doi.org/10.1253/circj.CJ-19-0133
http://doi.org/10.1161/CIR.0b013e3182742c84


Medicina 2022, 58, 247 10 of 11

5. Ibanez, B.; James, S.; Agewall, S.; Antunes, M.J.; Bucciarelli-Ducci, C.; Bueno, H.; Caforio, A.L.P.; Crea, F.; Goudevenos, J.A.;
Halvorsen, S.; et al. 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-
segment elevation: The Task Force for the management of acute myocardial infarction in patients presenting with ST-segment
elevation of the European Society of Cardiology (ESC). Eur. Heart J. 2018, 39, 119–177. [CrossRef]

6. Japanese Ministry of Internal Affairs and Communications. Japanese Current Status of Emergency and Rescue in the First Year of
Reiwa (Japanese Text). Available online: https://www.fdma.go.jp/pressrelease/houdou/items/04604300341cd830d8988c15671
cf26934e87832.pdf (accessed on 2 February 2022).

7. Japan Medical Association. Japan Medical Analysis Platform (Japanese text). Available online: http://jmap.jp/cities/detail/city/
40213 (accessed on 2 February 2022).

8. Statistics Bureau of Japan, Ministry of Internal Affairs and Communications, the 2020 Population Census of Japan. Available
online: https://www.stat.go.jp/english/ (accessed on 2 February 2022).

9. Welsford, M.; Nikolaou, N.I.; Beygui, F.; Bossaert, L.; Ghaemmaghami, C.; Nonogi, H.; O’Connor, R.E.; Pichel, D.R.; Scott, T.;
Walters, D.L.; et al. Part 5: Acute Coronary Syndromes: 2015 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with Treatment Recommendations. Circulation 2015, 132, 146–176. [CrossRef] [PubMed]

10. Van’t Hof, A.W.J.; Rasoul, S.; van de Wetering, H.; Ernst, N.; Suryapranata, H.; Hoorntje, J.C.A.; Dambrink, J.H.E.; Gosselink, M.;
Zijlstra, F.; Ottervanger, J.P.; et al. Feasibility and benefit of prehospital diagnosis, triage, and therapy by paramedics only in
patients who are candidates for primary angioplasty for acute myocardial infarction. Am. Heart J. 2006, 151, 1255.e1–5. [CrossRef]
[PubMed]

11. Takeuchi, I.; Fujita, H.; Ohe, K.; Imaki, R.; Sato, N.; Soma, K.; Niwano, S.; Izumi, T. Initial experience of mobile cloud ECG system
contributing to the shortening of door to balloon time in an acute myocardial infarction patient. Int. Heart J. 2013, 54, 45–47.
[CrossRef]

12. Fujita, H.; Uchimura, Y.; Waki, K.; Omae, K.; Takeuchi, I.; Ohe, K. Development and Clinical Study of Mobile 12-Lead Electrocar-
diography Based on Cloud Computing for Cardiac Emergency. Stud. Health Technol. Inform. 2013, 192, 1077.

13. Takeuchi, I.; Fujita, H.; Yanagisawa, T.; Sato, N.; Mizutani, T.; Hattori, J.; Asakuma, S.; Yamaya, T.; Inagaki, T.; Kataoka, Y.; et al.
Impact of Doctor Car with Mobile Cloud ECG in reducing door-to-balloon time of Japanese ST-elevation myocardial infarction
patients. Int. Heart J. 2015, 56, 170–173. [CrossRef]

14. Thygesen, K.; Alpert, J.S.; Jaffe, A.S.; Chaitman, B.R.; Bax, J.J.; Morrow, D.A.; White, H.D.; Executive Group on behalf of the Joint
European Society of Cardiology (ESC)/American College of Cardiology (ACC)/American Heart Association (AHA)/World Heart
Federation (WHF) Task Force for the Universal Definition of Myocardial Infarction. Fourth Universal Definition of Myocardial
Infarction. J. Am. Coll. Cardiol. 2018, 72, 2231–2264. [CrossRef] [PubMed]

15. Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transplant. 2013, 48,
452–458. [CrossRef] [PubMed]

16. Kanaoka, K.; Okayama, S.; Yoneyama, K.; Nakai, M.; Nishimura, K.; Kawata, H.; Horii, M.; Kawakami, R.; Okura, H.; Miyamoto,
Y.; et al. Number of Board-Certified Cardiologists and Acute Myocardial Infarction-Related Mortality in Japan—JROAD and
JROAD-DPC Registry Analysis. Circ. J. 2018, 82, 2845–2851. [CrossRef] [PubMed]

17. Ayanian, J.Z.; Hauptman, P.J.; Guadagnoli, E.; Antman, E.M.; Pashos, C.L.; McNeil, B.J. Knowledge and Practices of Generalist
and Specialist Physicians Regarding Drug Therapy for Acute Myocardial Infarction. N. Engl. J. Med. 1994, 331, 1136–1142.
[CrossRef] [PubMed]

18. Willison, D.J.; Soumerai, S.B.; McLaughlin, T.J.; Gurwitz, J.H.; Gao, X.; Guadagnoli, E.; Pearson, S.; Hauptman, P.; McLaughlin, B.
Consultation between cardiologists and generalists in the management of acute myocardial infarction: Implications for quality of
care. Arch. Intern. Med. 1998, 158, 1778–1783. [CrossRef]

19. Nash, I.S.; Corrato, R.R.; Dlutowski, M.J.; O’Connor, J.P.; Nash, D.B. Generalist versus specialist care for acute myocardial
infarction. Am. J. Cardiol. 1999, 83, 650–654. [CrossRef]

20. O’Neill, D.E.; Southern, D.A.; Norris, C.M.; O’Neill, B.J.; Curran, H.J.; Graham, M.M. Acute coronary syndrome patients admitted
to a cardiology vs. non-cardiology service: Variations in treatment & outcome. BMC Health Serv. Res. 2017, 17, 354. [CrossRef]

21. Izawa, H.; Yoshida, T.; Ikegame, T.; Izawa, K.P.; Ito, Y.; Okamura, H.; Osada, N.; Kinugawa, S.; Kubozono, T.; Kono, Y.; et al.
Standard Cardiac Rehabilitation Program for Heart Failure. Circ. J. 2019, 83, 2394–2398. [CrossRef]

22. Okami, Y.; Ueshima, H.; Nakamura, Y.; Kondo, K.; Kadota, A.; Okuda, N.; Ohkubo, T.; Miyamatsu, N.; Okamura, T.; Miura,
K.; et al. Risk Factors That Most Accurately Predict Coronary Artery Disease Based on the Duration of Follow-up—NIPPON
DATA80. Circ. J. 2021, 85, 908–913. [CrossRef]

23. Itoh, H.; Kaneko, H.; Kiriyama, H.; Kamon, T.; Fujiu, K.; Morita, K.; Michihata, N.; Jo, T.; Takeda, N.; Morita, H.; et al. Metabolically
Healthy Obesity and the Risk of Cardiovascular Disease in the General Population. Circ. J. 2021, 85, 914–920. [CrossRef]

24. Quinn, T.; Johnsen, S.; Gale, C.P.; Snooks, H.; McLean, S.; Woollard, M.; Weston, C.; Myocardial Ischaemia National Audit Project
(MINAP) Steering Group. Effects of prehospital 12-lead ECG on processes of care and mortality in acute coronary syndrome: A
linked cohort study from the Myocardial Ischaemia National Audit Project. Heart 2014, 100, 944–950. [CrossRef] [PubMed]

25. Lazarus, G.; Kirchner, H.L.; Siswanto, B.B. Prehospital tele-electrocardiographic triage improves the management of acute
coronary syndrome in rural populations: A systematic review and meta-analysis. J. Telemed. Telecare 2020, 1357633X20960627,
(online ahead of print). [CrossRef]

http://doi.org/10.1093/eurheartj/ehx393
https://www.fdma.go.jp/pressrelease/houdou/items/04604300341cd830d8988c15671cf26934e87832.pdf
https://www.fdma.go.jp/pressrelease/houdou/items/04604300341cd830d8988c15671cf26934e87832.pdf
http://jmap.jp/cities/detail/city/40213
http://jmap.jp/cities/detail/city/40213
https://www.stat.go.jp/english/
http://doi.org/10.1161/CIR.0000000000000274
http://www.ncbi.nlm.nih.gov/pubmed/26472852
http://doi.org/10.1016/j.ahj.2006.03.014
http://www.ncbi.nlm.nih.gov/pubmed/16781231
http://doi.org/10.1536/ihj.54.45
http://doi.org/10.1536/ihj.14-237
http://doi.org/10.1016/j.jacc.2018.08.1038
http://www.ncbi.nlm.nih.gov/pubmed/30153967
http://doi.org/10.1038/bmt.2012.244
http://www.ncbi.nlm.nih.gov/pubmed/23208313
http://doi.org/10.1253/circj.CJ-18-0487
http://www.ncbi.nlm.nih.gov/pubmed/30210139
http://doi.org/10.1056/NEJM199410273311707
http://www.ncbi.nlm.nih.gov/pubmed/7935639
http://doi.org/10.1001/archinte.158.16.1778
http://doi.org/10.1016/S0002-9149(98)00961-8
http://doi.org/10.1186/s12913-017-2294-0
http://doi.org/10.1253/circj.CJ-19-0670
http://doi.org/10.1253/circj.CJ-20-0739
http://doi.org/10.1253/circj.CJ-20-1040
http://doi.org/10.1136/heartjnl-2013-304599
http://www.ncbi.nlm.nih.gov/pubmed/24732676
http://doi.org/10.1177/1357633X20960627


Medicina 2022, 58, 247 11 of 11

26. Al-Zaiti, S.; Besomi, L.; Bouzid, Z.; Faramand, Z.; Frisch, S.; Martin-Gill, C.; Gregg, R.; Saba, S.; Callaway, C.; Sejdić, E. Machine
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