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Aims Many portable electrocardiogram (ECG) devices have been developed to monitor patients at home, but the majority of
these devices are single lead and only intended for rhythm disorders. We developed the miniECG, a smartphone-sized port-
able device with four dry electrodes capable of recording a high-quality multi-lead ECG by placing the device on the chest.
The aim of our study was to investigate the ability of the miniECG to detect occlusive myocardial infarction (OMI) in patients
with chest pain.

Methods Patients presenting with acute chest pain at the emergency department of the University Medical Center Utrecht or

and results Meander Medical Center, between May 2021 and February 2022, were included in the study. The clinical 12-lead ECG
and the miniECG before coronary intervention were recorded. The recordings were evaluated by cardiologists and com-
pared the outcome of the coronary angiography, if performed. A total of 369 patients were measured with the miniECG, 46
of whom had OMI. The miniECG detected OMI with a sensitivity and specificity of 65 and 92%, compared with 83 and 90%
for the 12-lead ECG. Sensitivity of the miniECG was similar for different culprit vessels.

Conclusion The miniECG can record a multi-lead ECG and rule-in ST-segment deviation in patients with occluded or near-occluded
coronary arteries from different culprit vessels without many false alarms. Further research is required to add automated
analysis to the recordings and to show feasibility to use the miniECG by patients at home.
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Graphical Abstract

Detection of Acute Coronary Occlusion with A Novel Mobile
ECG Device: A Pilot Study

miniECG overview

Detection of acute coronary occlusion

Device Se Spe PPV
miniECG 0.65 0.92 0.67
12-lead 0.83 0.90 0.68

Introduction

Acute coronary syndrome (ACS) is one of the leading causes of
death, accounting for 8.95 million annual deaths globally in 2020."
Mortality and other adverse outcomes are more frequent when
patients with ACS are not detected early.” Many improvement
strategies have therefore been implemented to decrease
door-to-balloon time, such as enhancing prehospital management
and having stand-by teams.>* While these strategies have greatly re-
duced door-to-balloon time, the symptom-to-door time has not
been reduced. Recent studies have shown that symptom-to-door
times are most important to further optimize and improve patient
outcomes in a modern healthcare system.> Even more important,
studies have shown that over 16% of males and 30% of females
with myocardial infarction (MI) do not present to the emergency ser-
vices at all.®

The first tool for diagnosis of ACS, and especially ST-segment
elevation myocardial infarction, is the electrocardiogram (ECG).”
Recent research has highlighted that in patients with non-
ST-segment elevation myocardial infarction, total or near total cor-
onary occlusion can be observed.” Recently, a new classification
was proposed, making the distinction between acute coronary occlu-
sive myocardial infarction (OMI) and non-occlusive myocardial in-
farction (NOMI). To use this classification besides the ECG, other

miniECG of acute
coronary occlusion
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indicators such as troponin levels and TIMI flow can be included
for diagnosis.®

To improve the symptom-to-door time, an ECG should be recorded
rapidly. Especially in situations when an ECG is not readily available, for
example at home, including when there are atypical symptoms, there is
an opportunity to use wearables and portable ECG devices. However,
current ECG devices for home use are primarily intended for the detec-
tion of rhythm disorders, such as atrial fibrillation.”"" There has been
initial research on the capabilities of home ECG devices to diagnose
ACS patients. Studies performed using other wearables reported lim-
itations, as not all Ml-associated ST-segment deviations were visible.
This is likely due to the limited number of leads and position of the de-
vice during measurement.">"* In contrast, in a multi-centre observa-
tional study, ST-segment elevations were visible on patients
measured during planned elective percutaneous coronary intervention
(PCl) with a three-lead detection system placed in the precordial
area %15

We developed a mobile handheld device called the miniECG that can
simultaneously record a multi-lead ECG using four dry precordial elec-
trodes. In a previous study, we investigated the ability of the miniECG to
capture ischaemic changes on a porcine coronary occlusion model
where we could see ST-segment deviations.”® In the present study,
we evaluate the capabilities of the miniECG to detect OMI in a real-
world population of patients presenting with chest pain.
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miniECG

Device with four electrodes and the eight lead
combinations and smartphone with miniECG
app.

miniECG App Overview

miniECG Recording
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Figure 1 miniECG device and smartphone with miniECG app. The miniECG upper two electrodes were placed over the second intercostal space

and in the midline of the chest.

Methods
Study design and participants

In this consecutive prospective multi-centre study, we included patients
presenting at the emergency department (ED) with chest pain between
May 2021 and February 2022 at the Utrecht Medical Center, Utrecht,
The Netherlands (UMCU), or the Meander Medical Center, Amersfoort,
Netherlands (MMC). Patients included had to be 18 years or older and cap-
able to provide informed consent. Patients that could not be measured due
to anatomical restrictions (recent sternotomy or physical restrictions not
allowing full contact with the miniECG) received ventricular pacing, or pa-
tients with ventricular assist devices were excluded from the study. Patients
were also excluded when coronary angiography (CAG) outcome and/or
preprocedural 12-lead ECG were not available, as it was not possible to
confirm ST-eelevation myocardial infarction (STEMI) and OMI diagnosis.

Study device

At the University Medical Center Utrecht, we developed a mobile,
smartphone-sized device capable to record ECGs using four precordial
electrodes, the miniECG (Figure 7). The device is characterized by having
four stainless steel electrodes that record eight ECG leads, four of them
are bipolar leads (A1, L1, 11, and 12) and four unipolar channels (51, A2,
L2, and 13). Based on the ST-segment changes and the locations of the in-
farctions, we named the leads of the miniECG as follows: leads A1 and
A2 for the anterior side; |1, 12, and I3 for the inferior side; L1 and L2 for
the lateral side; and finally S1 for the superior side.

Electrocardiogram recordings were performed by placing the device
over the sternal midline of patients; the two upper electrodes were placed

by the second intercostal spaces (Figure 7). For the study, ECG recordings
were made for 10 s at 250 Hz. Signals were post-processed using a band-
pass filter at 0.67-100 Hz and a 50 Hz notch filter before analysis.

Electrocardiogram acquisition

Patients were included upon arrival at the ED, and a 12-lead ECG was re-
corded, and then subsequently, they were measured with the miniECG. In
the case ST-segment elevation was identified in the ambulance, patients
were immediately directed to the catheterization laboratory for CAG pro-
cedure and if indicated PCI, and a miniECG recording was performed prior
to the intervention. For these patients, the ambulance ECG was used as a
reference.

Electrocardiogram evaluation

The miniECG recordings were evaluated by two cardiologists independent-
ly and blinded for the clinical outcome of the patients. The cardiologists first
evaluated whether the miniECG was of adequate quality for interpretation
of ST-segment deviations. Next, the presence of >1 mm ST-segment eleva-
tions and depressions (ST-segment deviations) was scored. In case of dis-
agreement in the presence of ST-segment deviations, the miniECGs were
re-evaluated by a third cardiologist. For the 12-lead ECGs, the interpret-
ation of the attending cardiologist was used to determine whether a
STEMI was suspected.

Outcomes

Firstly, we compared the interpretation of the miniECG (e.g. ST-segment
deviations or not) to the clinical diagnosis based on the 12-lead ECG
and troponin levels and divided the cohort in three groups: STEMI,
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Patients recorded
n= 369

Patients that declined to
participate - n=36

h 4

Recordings reviewed by

cardiologists
n =333

Patients that recordings were not
interpretable for Ischaemia (n=80),
NSTEMI patients with no details
of level of occlusion (n=6),
STEMI patients with unconfirmed
ST-segment elevation on 12-lead
(n=14)

Y

Patient recordings analysed

n=233
, |
STEMI NSTEMI
n=38 n=25
ST(+) OMI ST(+) NOMI ST(-) OMI ST(-) NOMI Control Group
n=37 n=1 n=9 n=16 n=170

Figure 2 Study patient stratification from total recording to sub-groups analysed. ST(+)OMI, patients with 12-lead ST-segment elevation confirmed
with occluded and nearly occluded arteries (TIMI flow 0-2) or confirmed large infarct size (TIMI flow 3, cTnl > 10 000 ng/L); ST(+)NOMI, patients with
12-lead ST-segment elevation confirmed and not occluded arteries (TIMI flow 3, cTnl < 10 000 ng/L); NST(+)OMI, patients with 12-lead with no
ST-segment elevation confirmed and with occluded and nearly occluded arteries (TIMI flow 0-2) or confirmed large infarct size (TIMI flow 3,
cTnl > 10000 ng/L); NST(+)NOMI, patients with 12-lead with no ST-segment elevation confirmed and not occluded arteries (TIMI flow 3, cTnl <

10000 ng/L).

non-ST-elevation myocardial infarction (NSTEMI), and controls. These
results were compared with the 12-lead ECG evaluations of the attending
cardiologists during clinical practice (e.g. STEMI or no STEMI), the outcomes
of the CAG (TIMI flow), and infarct size (troponin levels 24 h). Troponin
level assays at the UMCU utilized Siemens Diagnostics hs-cTnl assay with
upper limit nornal (ULN) < 45.2 ng/L, while the troponin level assays at
the MMC utilized Abbot Architect hs-cTnl with male ULN < 0.03 pg/L
and with women ULN < 0.02 pg/L.

Next, we compared the miniECG and 12-lead ECG interpretation to the
presence of OMI. Patients with occluded or nearly occluded arteries and
TIMI flow 0-2 were classified as OMI, patients with TIMI flow 3 but with
high troponin levels (cTnl > 10 000 ng/L) were also included in this category
as the troponin levels indicate a large size infarct, and patients with TIMI
flow 3 with elevated troponin levels < 10000 ng/L were classified as
NOMI. Patients without elevated troponin levels remained in the control

group. Finally, this results in five groups: ST(+)OMI, ST(—)OMI,
ST(+)NOMI, ST(—)NOM], and controls.

Statistical analysis

Data are presented as mean + SD or as number with percentages, as ap-
propriate. Continuous variables were compared using analysis of variance
(ANOVA). For the categorical data such as the location of infarction, we
used the y” test. The P-value of <0.05 was considered statistically significant.

Results

Between 26 April 2021 and 24 February 2022, 369 patients with com-
plaints of chest pain were identified by the ambulance services and ED
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Table 1

Baseline characteristics of patients included in the study

ST(+)OMI [N (%)]

PATIENTS
SEX, MALE, N (%)
MEAN AGE
Body Mass Index (BMI)
MEAN TIME BETWEEN 12-LEAD ECG
AND MINIECG
TROPONIN LEVELS
HISTORY OF CARDIOVASCULAR DISEASE
CAG
PCI
CABG
Other
COMORBIDITIES
Hypertension
Hypercholesterolaemia
Diabetes

History of smoking

37
33 (89.1)
629+11.3
27.7+48
26 min =+ 20 min

87 583 + 106 652
14 (38)
3(88)

8 (21)
0(0)
0(0)

10(28)
16 (43)
4(11)
14 (37)

ST(+)NOMI ST(—)OMI ST(-)NOMI Control
IN (%)] [N (6] [N (6] IN (%)]
1 9 16 170
1(100) 8 (89) 10 (62.5) 104 (61)
54 64+13.0 70.5+10.3 63.1+133
— 263+108 249+7.1 249 +10.1
— 2min+3Tmin Th15min+1h27min 30 min + 46 min
5315 36536+ 69617 1678 + 2574
0 (0) 3(33.3) 10 (62.5) 113 (66)
0 (0) 0 (0) 1(6.25) 40 (23)
0 (0) 1(11.1) 4 (25) 53 (31)
0 (0) 0 (0) 0 (0) 14 (8)
0 (0) 0 (0) 0 (0) 529
1(100) 5 (55.5) 10 (62.5) 91 (53.5)
0 (0) 4 (44.4) 9 (56.25) 85 (50)
0 (0) 1(11.1) 2 (12.5) 33 (194)
1(100) 2(222) 0 (0) 52 (30.5)

ST(+)OMI, patients with 12-lead ST-segment elevation confirmed with occluded and nearly occluded arteries (TIMI flow 0-2) or confirmed large infarct size (TIMI flow 3, cTnl>
10000 ng/L); ST(+)NOMI, patients with 12-lead ST-segment elevation confirmed and not occluded arteries (TIMI flow 3, cTnl < 10 000 ng/L); NST(+)OMI, patients with 12-lead
with no ST-segment elevation confirmed and with occluded and nearly occluded arteries (TIMI flow 0-2) or confirmed large infarct size (TIMI flow 3, cTnl > 10 000 ng/L); NST(+)

NOMI, patients with 12-lead with no ST-segment elevation confirmed and not occluded arteries (TIMI flow 3, cTnl < 10 000 ng/L).

Table 2 ST-segment deviations observed on miniECG
recordings over patient groups

ST-segment N 12-lead miniECG P-value
deviations ECG
OMI 46 38(82.6%) 30 (652%) 0.0575
OMI culprit vessel 0.9407
LAD 21 17 (80.9%) 13 (61.9%) 0512
RCA 14 12(85.7%) 8 (57.1%)  0.094
RCX 9 7(77.7%) 7(777%) 1.0
LM 2 2 (100%) 2(100%) 1.0
NOMI 17 6 (35.2%) 2 (11.7%)  0.105
Control 170 12 (7%) 13 (7.6%) 0.835

to participate in the study. Thirty-six (9.7%) patients declined to par-
ticipate in the study, 100 (27.1%) recordings were excluded from
analysis, as they were considered low quality for interpreting ischae-
mia (80, 21.4%), no CAG was performed (6, 1.9%), or no 12-lead
ECG was available for comparison (14, 3.8%). Of the miniECG re-
cordings that were excluded due to quality issues, 19% presented
with a STEMI, 5% with a NSTEMI, and 76% were controls. In total,
233 (63%) miniECG recordings were annotated by the cardiologists
for cardiac ischaemia (Figure 2). Baseline characteristics are summar-
ized in Table 1.

When considering only the 12-lead ECG and troponin levels, a total
of 38 (16%) patients presented with STEMI, while 25 (10.7%) patients
had a NSTEMI. In the patients identified as STEMI, the miniECG showed

ST-segment deviations in 30 patients (79%), while in the patients with
NSTEMI, 2 patients (8%) showed ST-segment deviations. Forty-six pa-
tients had OMI and 17 NOMI. Thirty (65.2%) OMIl and 2 (11%) NOMI
patients had ST-segment deviations on their miniECG, and 38 (83%)
and 6 (35%) had ST-segment elevation on their 12-lead ECG, respect-
ively. One hundred and seventy (73%) patients were not considered
OMI or NOMI, and in this group, there were 13 (7.6%) patients that
showed ST-segment deviations on their miniECG recordings and 12
(7.0%) showed ST-segment elevations on the 12-lead ECGs (Table 2).

Sensitivity, specificity, positive predictive value, and negative predictive
value for detecting STEMI by the miniECG were 79% (95% confidence
interval (Cl) 63-90), 92% (95% Cl 88-96), 67% (95% Cl 54-77), and
96% (95% Cl 92-98), respectively. For the detection of OMI, these mea-
sures were 65% (95% Cl 50-79), 92% (95% Cl 87-95), 67% (95% Cl
54-77), and 91% (95% Cl 81-90) for the miniECG, compared with 83%
(95% Cl 69-92), 90% (95% Cl 85-94), 68% (95% Cl 54-77), and 96%
(95% ClI 92-97) for the 12-lead ECG, respectively. VWhen taking only
OMI patients with ST-segment elevation into account, the miniECG
measures are 81% (95% Cl 65-92), 92% (95% Cl 88-96), 67%
(95% CI 55-77), and 96% (95% Cl 93-98), respectively.

Culprit lesions were reported in left anterior descending artery
(16/37), right coronary artery (12/37), ramus circumflexus (7/37), and
left main coronary artery (2/37; Table 3). The locations of ischaemia
as detected by the 12-lead ECG were anterior (10/37), antero-lateral
and lateral (7/37), inferior (8/37), posterior and infero-postero-lateral
(IPL, 11/37), and pan-ischaemia (1/37). For the anterior Ml, miniECG
ST-segment elevations were observed in leads A1 (7/10) and A2 (5/
5), while ST-segment depressions were observed in leads 12 (8/10)
and I3 (8/10). For IPL and posterior MI's, miniECG recordings showed
ST-segment elevations in leads 11 (7/11), 12 (8/11), and I3 (8/11) and
ST-segment depressions in the anterior lead A2 (6/11; see Figure 4).
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Table 3
ST-segment elevation patients medical centre

Infarction characteristics on ST(+)OMI patients based on miniECG ST-segment deviation on confirmed

ST deviation visible on miniECG?

N (%)
MALES, N (%)
MEAN BMI (SD)
AGE, YEARS (SD)
MEAN TIME BETWEEN 12-LEAD ECG AND MINIECG, MIN (SD)
CULPRIT LESION
LAD
RCA
RCX
LEFT MAIN
LOCATION
ANTERIOR
ANTERO-LATERAL/LATERAL
INFERIOR
IPL/POSTERIOR
PAN-ISCHAEMIA

Confirmed ST-OMI patients P-value
N Yes No
37 30 (82%) 7 (18%)
30 (85%) 27 (90%) 6 (85.7%)
27.1+41 29667 0.244
638+ 115 59.4+10.9 0.367
26 min (21) 28 min (15) 0.829
0.29
16 13 (81.25%) 3 (18.7%)
12 8 (66.6%) 4 (33.3%)
7 7 (100%) 0 (0%)
2 2 (100%) 0 (0%)
0.72
10 8 (80%) 2 (20%)
7 6 (85.7%) 1(14.2%)
6 (75%) 2 (25%)
1 9 (81.8%) 2 (18.2%)
1 1(100%) 0 (0%)

ST(+)OMI, patients with 12-lead ST-segment elevation confirmed and with occluded and nearly occluded arteries (TIMI flow 0-2) or confirmed large infarct size (TIMI flow 3, cTnl >

10000 ng/L).

Figure 3 shows examples of the ST-segment deviations on the miniECG
recordings in comparison to the 12-lead ECG.

In 7 out of 37 patients with ST-segment elevation on the 12-lead
ECG and OMI, no ST-segment deviations were detected with the
miniECG. For these patients, the MI locations were anterior (2),
antero-lateral (1), inferior (2), IPL (1), and posterior (1). For two of
these patients, other characteristics on the miniECG were noted
such as inversed T-waves (2/2), high R-peak amplitudes (>1.5 mV, 1/2),
and high-amplitude T-waves (1/2). For two patients, the reported body
mass indexes (BMI) were higher than 30 kg/m? Finally for the other three
patients, their BMIs were higher than 25 kg/m? In comparison, for OMI
patients, the mean BMI was 27.1 kg/m? while for false negative patients, it
was 29.6 kg/m? (Table 3).

Discussion

In this study, we evaluated the performance of a novel precordial ECG
device (the miniECG) to detect ST-segment deviations due to ACS in
patients presenting to the ED with chest pain. The miniECG is able
to detect ST deviations in 65% of patients with OMI and has a low
rate of false positives with a specificity of 92%. While an OMI can never
be ruled out with the ECG alone, this indicates that the miniECG can be
used to rule in which patients need rapid workup and transport to a PCI
centre, without having many false alarms. This could be of great import-
ance to reduce time to treatment when a 12-lead ECG is not readily
available or for patients with atypical complaints. Contrary to other
single-lead ECG wearables, the device was able to detect ST deviations
for all different culprit vessels. With this study, we have taken the initial
steps to understand the capabilities of the miniECG as a tool to im-
prove rapid diagnosis of acute coronary occlusion.

Two important opportunities of the miniECG are, first, to reduce
symptom-to-balloon interval in patients with OMI and, second, to
pick up ST deviations in patients with intermitted or atypical symp-
toms. Previous studies have shown that the symptom-to-door time

in patients with a STEMI is one of the most important predictors
of outcome.® When the miniECG is available to patients at home
or at institutions and departments where currently no 12-lead
ECG is available, this could speed up recognition of OMI. With a sen-
sitivity of 65% and specificity of 92% for OMI, the miniECG can be
used to rule in, but never to rule out, just like the 12-lead ECG
(with a sensitivity of 83% for OMI). Secondly, patients with atypical
and intermittent symptoms could use the miniECG to detect ischae-
mia that warrants rapid referral. Studies have shown that 15-30% of
patients with acute MI do not recognize these symptoms and never
contact emergency services or only after the window for early PCl
(<12 h). Case reports already showed the value of an Apple
Watch to detect ST deviations in patients with intermittent angina
pectoris or atypical symptoms.”’18

One of the major challenges for using the miniECG at home could be
the number of false positives (5.5%). While this proportion is low, it
could be higher than the prevalence of OMI in this population, depend-
ing on the selection criteria for performing a miniECG. It could lead to
more unnecessary referrals and even coronary angiographies. Further
studies should be performed to better understand the miniECG pat-
terns of OMI and other abnormalities with ST-segment deviations
(such as early repolarization, pericarditis, or left bundle branch abnor-
mality) to reduce the number of false positives.

Other single-lead ECG wearables, such as the Apple Watch, were
not useful for detection of ischaemic ST-segment deviations from dif-
ferent coronary artery culprits as their single-lead design leads to a
sensitivity of only 34%."> Workarounds have been proposed, where
the Apple Watch is placed on all standard 12-lead ECG positions,
but these are too time consuming and complicated for real-world
use.'® Other multi-lead ECG wearables were not validated for the de-
tection of cardiac ischaemia.”® Another study using a continuous ECG
recording device with electrodes on the right shoulder, left shoulder,
left iliac crest, and sternum showed the feasibility to detect OMI from
all culprit vessels in the outpatient setting.'* Our study adds that a

202 AINf Gz uo Jesn Jyoaiin YeaylolqiasieNsIanun Aq SZ€ 1 2G./€81/Z/S/o101e/yplys/wod dno-oiwepeoe)/:sdny woly papeojumoq



Detection of acute coronary occlusion with a novel mobile electrocardiogram device: a pilot study

189

Anterior

Antero-Lateral

Inferior

IPL / Posterior

Va4 12

Figure 3 Comparison of 12-lead electrocardiogram recordings and miniECG recordings on occlusion myocardial infarction patients. IPL,

infero-postero-lateral.

simple event recorder device with fixed electrodes like the miniECG
could also be very useful to detect OMI from all different culprit ves-
sels. The design of the miniECG could allow patients to perform re-
cordings at the first indication of symptoms.

An additional advantage over single-lead devices is that the miniECG
can already indicate the culprit vessel, as there were markedly different
ECG signatures for the different locations of ischaemia. As shown in
Figure 4, anterior Ml shows ST-segment elevation in the A leads with
reciprocal depression in the | leads. Inferior Ml shows elevation in the
| leads, while in antero-lateral and infero-lateral M, the L leads are
also involved.

Importantly, the miniECG showed lower sensitivity (67%) for de-
tection of OMI as compared to the 12-lead ECG (82%). For the loca-
tions observed in study, this could not be due to the measurement
location of the device, as sensitivity was similar for culprit vessels
(Table 3).

For the RCA, the 12-lead ECG performed better than the miniECG
(Table 3). This shortcoming could be related to the position of electro-
des as the miniECG measures locally in the chest area, while for the
12-lead ECG, the distance between the electrodes is larger, covering
a larger area than the miniECG. Also, the 12-lead ECG measures the
heart activity in all planes in comparison to the miniECG, which mea-
sures on the frontal plane. Further research should be performed
to understand the importance of the miniECG placement and how
to compensate this shortcoming. The use of the miniECG could
evolve to similar approaches such as the Apple Watch where the
watch has been placed over the chest area and showed improved
performance.n'21

Inspection of the OMI cases without ST-segment elevations on the
miniECG but with ST-segment elevation on the 12-lead ECG indicated
a higher proportion of females and patients with a high BMI, although
differences were not statistically significant. This points to anatomical
limitations of the miniECG, as the device is located further away

from the heart in these patients, which leads to smaller QRS vectors
that make ST deviations harder to recognize. This is in line with earlier
studies that showed microvoltages were associated with excessive
chest wall adipose tissue. 22?3

One of the limitations of our study was that technicians and nurses
using the miniECG did not have visual feedback of the recording and as
a consequence could not see quality of the recordings. For 79/333 of
the recordings, cardiologists concluded that these ECGs were not
of sufficient quality to interpret for ischaemia. We believe the quality
of these ECGs was affected by the fact that for this prototype version
of the miniECG and the app, no live recordings were shown. For wear-
able devices (smartwatches) with similar recording approach, Mannhart
et al”* reported that a similar ratio of inconclusive tracings was re-
corded with these devices. On a new version of the miniECG, we
have re-designed the app in such a way that it shows two of the chan-
nels recorded, allowing real-time visual feedback on the quality of the
recordings and showing if motion artefacts and baseline wander would
be visible in the final recording. This new version of the app is currently
in use and evaluated in a new study where we observed a considerable
decline of low-quality recordings. Another reason for the low quality of
the recordings was due to the acute environment where measure-
ments were taken (ED and catheterization laboratory), as attending pa-
tients was a priority. Measurements were not shown at the time of
recording, and quality was not checked promptly.

Another limitation of this study was that for 14 patients, we were not
able to confirm ST-segment elevations were present on their ECGs upon
arrival at the hospital, as no 12-lead ECG recordings were available.
Therefore, we were not able to compare the miniECG recordings with
the 12-lead ECG. To fully determine the capabilities of the miniECG to de-
tect OMI on any location, we believe it will be necessary to measure more
patients, as our total sample size of OMI patients was 46.

As new mobile ECG devices are becoming available for home use,
there is an area of opportunity for timely detection of cardiac disorders.
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In the case of patients with occluded and nearly occluded coronary ar-
teries, the early detection of occlusion would allow to triage them upon
arrival to ED or catheterization laboratory. To allow the early detection
of occlusion and to trigger interventions adequately, the next techno-
logical step is the inclusion of artificial intelligence that could help to tri-
age acute cases reducing time to treatment.”® When such technology is
available, the miniECG should be validated in the home setting.
Moreover, further research is required to demonstrate non-inferiority
of the miniECG to the standard 12-lead ECG in the detection of other
common cardiac (ab)normalities.

Conclusions

In conclusion, the miniECG can record multi-lead ECG and rule in OMI
from a variety of culprits. Further studies should focus on adding auto-
mated analysis of the recordings and validation of the results with pa-
tients at home.

Supplementary material

Supplementary material is available at European Heart Journal — Digital
Health.
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