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Abstract

Delayed reperfusion therapy for ST-segment elevation myocardial
infarction (STEMI) is associated with high mortality rates. Although
mobile cloud-based 12-lead electrocardiogram (MC-ECG) systems have
shown promise in reducing treatment delays, their implementation remains
limited in regions where geographic and institutional constraints hinder

timely interventions. This study aimed to evaluate the effectiveness of
helicopter emergency medical services (HEMS) equipped with an MC-
ECG system in reducing the time to reperfusion and improving short-
term outcomes in patients with STEMI. This retrospective observational
study included patients with STEMI transported via HEMS in Fukushima
Prefecture between July 2022 and August 2024. The inclusion criterion
was confirmation of ST elevation by a flight physician using MC-ECG
at rendezvous points (RPs) with subsequent percutaneous coronary
intervention (PCI) at a receiving facility. The measured outcomes included
the time from symptom onset to emergency medical service contact,
contact with the flight physician, transport times, door-to-balloon time
(DTBT), and 30-day survival. Among the 1,087 HEMS dispatches, 15
STEMI cases met the inclusion criteria. The median patient age was 59
years, and 80% of the patients were men. The median DTBT was 57 min
and the 30-day survival rate was 100%. Air transport was significantly
faster than predicted ground transport (median 12 vs. 61 min, p < 0.01).
The integration of MC-ECG into the HEMS enabled the rapid diagnosis
and transport of patients with STEMI to PCl-capable facilities, achieving
DTBT within guideline-recommended timeframes and excellent short-term
outcomes. This approach may be particularly beneficial in geographically

dispersed regions with limited cardiological resources.
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In patients with ST-segment elevation myocardial infarction (STEMI),
delayed reperfusion therapy is associated with increased mortality [1]. The
Japanese Circulation Society and American Heart Association guidelines
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emphasize that the door-to-balloon time (DTBT), defined as
the interval from arrival at a medical facility to the initiation
of reperfusion, should occur within 90 min [2, 3]. A recently
developed mobile cloud-based 12-lead electrocardiogram
(MC-ECQG) system has enabled the transmission of ECG data
from ambulances via bluetooth and mobile networks [4, 5].
Cardiologists can thus remotely access ECGs in real time,
thereby enabling the prompt mobilization of emergency
catheterization teams. This system reduces the relative risk
of 30-day mortality in patients with STEMI [6, 7]. However,
according to the Ministry of Health, Labour and Welfare,
the Fukushima Prefecture exhibited the highest age-adjusted
mortality rate for acute myocardial infarction (AMI) in both
men and women in 2017, remaining above the national average
[8]. A 2021 report on 973 patients with AMI in Fukushima
indicated an average time from symptom onset to hospital
arrival of 444 min and a mean DTBT of 280 min [9]. Despite
these delays, only a few emergency medical services (EMS)
in the prefecture have implemented MC-ECG systems.

Fukushima Medical University has operated a helicopter
emergency medical service (HEMS) since January 2008.
The air ambulance’s maximum flight time has been over
40 minutes for Hinoemata Village and over 25 minutes for
Iwaki City, to provide emergency coverage across the entire
prefecture (Figure 1).

Figure 1: Flight range of Fukushima helicopter emergency medical
services (HEMS).

From its inception to December 2024, the HEMS
completed 6,260 missions, including 388 trips in 2024. In July
2022, an MC-ECG system was installed in an air ambulance,
to enable flight physicians to perform ECGs at rendezvous
points (RPs) and coordinate with percutaneous coronary
intervention (PCI)-capable hospitals before transportation. In
this study, we investigated individuals with STEMI for whom
ST elevation was confirmed by a flight physician using MC-
ECG, the data were transmitted to a receiving hospital, and
the patients were transported via HEMS. We focused on the
time to reperfusion and clinical outcomes across five PCI-
capable facilities with access to a cloud ECG system.
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Materials and Methods

We retrospectively analyzed patients with STEMI from
July 2022 to August 2024 in which a flight physician confirmed
ST-segment elevation using MC-ECG at RPs, and the patient
subsequently underwent PCI. The following study items
were measured: time from symptom onset to EMS contact,
time from EMS contact to flight physician contact, time from
flight physician contact to RP take-off (on-site activity time),
flight transport time, estimated ground transport time using
Google Maps (Google Inc., Mountain View, CA, USA), total
time from symptom onset to hospital arrival, high-sensitivity
troponin I (hs-Tnl) levels, DTBT, and 30-day survival rate
(Figure 2).
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percutaneous coronary intervention

Figure 2: The study items.

The HEMS used was an Eurocopter EC135, a twin-engine
general-purpose helicopter manufactured by Eurocopter (now
Airbus Helicopters). The MC-ECG (SCUNA) is a cloud-
based prehospital data-sharing system developed by the
MEHERGEN Group (Fukuoka, Japan). At the RPs, the flight
physician performed a 12-lead ECG, transmitted the data to
the receiving facility, and confirmed the availability of PCI.
Based on the Japanese guidelines for acute coronary syndrome
(ACS) (2), nitrates or antiplatelet agents were administered
as indicated. The receiving hospitals included Hospital A in
Fukushima City (helicopter base); Hospitals B, C, and D in
Koriyama City; and Hospital E in Aizu-Wakamatsu City,
all equipped to receive MC-ECG transmissions in advance
(Figure 3).

Statistical analyses were performed using Statcel (3rd
edition; OMS Publishing). Data are presented as medians and
interquartile ranges (IQR). The Wilcoxon signed-rank test
was used to compare flight and estimated ground transport
times. Spearman’s rank correlation was used to assess the
relationship between time to hospital arrival and hs-Tnl
levels. Statistical significance was set at p < 0.05.
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Figure 3: The receiving hospitals in this study.

Results

During the study period, the HEMS was dispatched 1,087
times and transported 67 patients with chest symptoms. MC-
ECG was used in 47 patients, after excluding 20 patients
with negative chest disease at the time of contact with a
flight physician. ST-segment elevation was confirmed in 30
patients, excluding 15 patients without ST-segment elevation
and two who later experienced cardiopulmonary arrest.
Ultimately, 15 patients were diagnosed with STEMI and
underwent PCI (Figure 4).

Among the study cohort, 12 patients were men and three
were women, with a median age of 59 years (IQR: 54-72
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| HEMS request cases during the study period (2= 1,087) ‘

!

’ Chest pain or other chest symptoms cases (= 67) ‘

l 20 cases excluded

l MC-ECG used cases (n=47) ‘

l 17 cases excluded

‘ Cases with ST elevation (n=30) ‘

l 15 cases excluded

‘ Cases of STEMI diagnosed (n = 15) ‘

HEMS, helicopter emergency medical services; MC-ECG, mobile
cloud-based 12-lead electrocardiogram; CPA, cardiopulmonary
arrest; STEMI, ST-segment elevation myocardial infarction

Figure 4: Patient selection criteria

years). The median time from symptom onset to EMS contact
was 109 (42-191) minutes and the median time from EMS
contact to flight physician contact was 30 (20—34) minutes.
In contrast, the on-site activity time was 16 (12-22) min,
during which 12-lead ECGs were performed and transmitted,
and transfer to a PCI-capable hospital was confirmed before
take-off. Five patients received nitrate or antiplatelet agents
at RPs. The median flight transport time was 12 min (range,
817 min) and the estimated ground transport time was 61
min (range, 36-74 min). The median DTBT was 57 min
(range, 43—77 min) and the 30-day survival rate was 100%
(Table 1).

Table 1: Baseline characteristics of patients in this study

Patients No. | No.1 | No.2 | No.3 No.4 | No.5 | No.6 | No.7 No. 8 No.9 | No.10 | No.11 | No.12 | No.13 | No.14 | No. 15 Nzrg:)n
59
Age 57 72 85 57 54 55 72 60 86 59 52 71 71 43 54 (54-72)
Sex male | male | female | male male male male male | female | male male male | male | male | female
Time from
symptom 109
onset to EMS 249 128 43 191 128 14 27 263 240 19 109 42 45 152 51 (42-191)
contact (min.)
Time from
EMS contact 30
to flight 16 20 37 24 27 16 36 18 30 33 32 24 34 30 64
e (20-34)
physician
contact (min.)
On-site 16
activity time in | 22 42 15 21 12 32 16 8 16 16 20 35 1 8 12
) (12-22)
RPs (min.)
Dru.g therapy nitrates nitrate APA APA nitrates
in RPs
APA
Flight 12
transport 12 10 13 16 7 8 20 8 20 7 12 11 17 6 19
) . (8-17)
time (min.)
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Estimate
ground
transport
time (min.)

61 61 67 81 36 34 74 36

85

45

66

33

40

33

78

61
(36-74)

Total time
from onset to
hospital arrival

(min.)

299 180 1M 252 174 70 99 207

306

75

173

112

107

196

146

173
(107-252)

High-
sensitivity
troponin |

(pg/mL)

106 16 49 1149 | 1139 228 496 274

682.2

4.1

14.8

34.2

1804.2

72.3

266.6

114.9
(34.2-496)

Door-To-
Balloon Time | 77 80 63 70 77 40 57 37
(min.)

50

43

82

43

59

43

16

57 (43-77)

The 30-day

. survive | survive | survive | survive | survive | survive | survive | survive
survival rate

survive

survive

survive

survive

survive

survive

survive

EMS, emergency medical service; RPs, rendezvous points; IQR, interquartile range; APA, antiplatelet agent Additionally,
the flight transport time was significantly shorter than the estimated ground transport time (p <0.01; Figure 5).

p<001
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Flight transport time
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transport time

Figure 5: Comparison of flight transport time and estimated ground transport time.

Furthermore, no significant correlation was found between total time to hospital arrival and hs-Tnl levels

(p =0.181; Figure 6).
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Figure 6: Laboratory troponin I levels versus total time from symptom onset to hospital arrival.
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A sub-analysis of 10 patients who were not treated with nitrates or antiplatelet agents also showed no significant correlation

with arrival time and outcomes (p = 0.111; Figure 7).
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Figure 7: Laboratory troponin I levels versus total time from symptom onset to hospital arrival of
patients who were not treated at the rendezvous point.

Discussion

All patients with STEMI in this study achieved a DTBT
within 90 min and had favorable outcomes. Several studies
have reported on the use of HEMS for transport of patients
with AMI [10-12]. Youngquist et al. [10] reported that 85%
of patients with STEMI were transferred to PCl-capable
facilities within 2 h based on 35 HEMS records across the
United States. Regarding the effectiveness of MC-ECG,
Hata et al. [11] reported a reduced time from hospital arrival
to intervention due to pre-arrival information provided by
flight staff, whereas Diercks et al. [12] reported not only a
reduction in DTBT but also an improvement in the outcomes.
Funder et al. [13] reported a 30-day mortality rate of 5.0%
in 384 patients with suspected STEMI who were transported
via HEMS. In their study, the median DTBT was 31 min;
however, the flight transport time to a PCI-capable medical
institution was 71 min. In our study, the median flight
transport time was only 12 min, and all patients achieved a
DTBT of <90 min, suggesting a favorable prognosis. This
efficiency was likely due to the advance coordination of
flight physician with PCl-capable institution. Additionally,
the flight transport time was significantly shorter than the
predicted ground transport time. Studies have consistently
shown that HEMS significantly reduces transport times
compared to ground EMS. For example, one analysis found
a significant reduction in transport time for 384 HEMS cases
compared to 1,220 ground cases (p =0.004) [13], while others
reported similar significant improvements in smaller cohorts
(p <0.001 and p <0.05) [14, 15]. Given Fukushima’s limited
PCl-capable facilities and long ground transport times, the
advantages of pre-arrival communication via MC-ECG and
flight transport are particularly relevant.

No correlation was found between the total time from
symptom onset to hospital arrival and hs-Tnl levels. Tnl
essential for the diagnosing and assessing the risk of AMI, with
hs-Tnl particularly useful for improving diagnostic accuracy
in the early stages [16-18]. Keller et al. [16] reported that
hs-Tnl measured with 3 h of symptom onset had a sensitivity
of 88% and a specificity of 96% in 1,818 patients with chest
pain. In this study, 12 of the 15 patients showed elevated hs-
Tnl levels, although values varied widely, and no significant
correlation emerged between the total time from symptom
onset and hospital arrival. Furthermore, no correlation was
found among 10 patients who were not treated with nitrates
or antiplatelet agents at the RPs. The Japanese guidelines for
ACS prioritize immediate reperfusion based on clinical and
ECG findings rather than waiting for biomarker confirmation
[2, 19]. Therefore, prompt transport of patients with ST-
segment elevation to PCI-capable facilities remains essential.

In this study, the time from symptom onset to EMS
contact was 109 min. Erol et al. [20] reviewed 643 AMI cases
in Turkey and found that only 272 (43.8%) patients were
admitted within 12 h of symptom onset, attributing to delay
to public low awareness of EMS benefits and myocardial
infarction symptoms. Similarly, Meischke et al. [21] reported
low EMS utilization due to patients lack of awareness of
life-threatening symptoms. In Fukushima Prefecture, a 2021
analysis of AMI cases reported a mean delay of 444 min from
symptom awareness to hospital arrival [9]. In the present
study, this interval was shortened to 173 min; however, the
median time from symptom onset to EMS contact remained
109 min, underscoring the need to reduce pre-EMS delay.
These findings highlight the importance of public education
on AMI symptoms and the urgency of early EMS activation.
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This study has several limitations. First, this was a single-
institution retrospective study. Second, the number of cases
was small and various biases could not be excluded. Third,
treatment varies among flight physicians, with no uniform
activity. Finally, patients were not always transported to the
nearest PCI-capable facility.

Conclusion

In regions with limited MC-ECG implementation, an
HEMS equipped with cloud-based ECG transmission can
facilitate rapid diagnosis, prompt PCI coordination, and
timely reperfusion, contributing to favorable short-term
outcomes in patients with STEMI.
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