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Abstract: Background: ST-T segment elevation myocardial infarction (STEMI) is a critical condition
that requires rapid diagnosis and treatment. Recently, various ECG recording devices have been
developed. In this study, we aim to determine the utility of a 6-lead handheld ECG recording device
to shorten the time taken for the diagnosis of inferior wall STEMI. Methods and Design: HINT-MI is an
investigator-derived, observational, prospective study that will evaluate the ability of a handheld
6-lead ECG device to diagnose acute inferior wall STEMI. Patients who have undergone coronary
angiography for STEMI or for other reasons will be enrolled in the study. This study aims to evaluate
sensitivity and specificity of a handheld 6-lead ECG device by the level of agreement with a standard
12-lead ECG for diagnosing inferior wall STEMI. Further, we will determine whether the use of the
handheld device can reduce the time needed for reperfusion treatment through faster diagnosis.
Conclusions: This study aims to investigate the feasibility of a handheld 6-lead ECG device for
diagnosing inferior wall STEMI to reduce the time required to diagnose inferior wall STEMI and to
allow timely treatment.

Keywords: ST elevation myocardial infarction; electrocardiogram; early diagnosis; mobile device;
handheld device

1. Introduction

ST-T segment elevation myocardial infarction (STEMI) is a critical condition that
requires rapid diagnosis and treatment [1]. The European Society of Cardiology 2017
guideline and the American Heart Association guideline suggest time targets related to the
diagnosis and treatment of STEMI [2,3]. The usual practice is to diagnose STEMI in patients
with chest discomfort or other ischemic symptoms and new ST-segment elevations in two
contiguous leads [4]. Electrocardiography (ECG) should be performed within 10 min of the
first medical contact, and if STEMI is diagnosed, percutaneous coronary intervention (PCI)
should be performed within 60 min (wire crossing) at a primary PCI center [2,3]. However,
when obtaining a 12-lead ECG from a patient complaining of chest pain in the emergency
room, owing to the large size of the machine, it takes 3-5 min to move it next to the patient
and record the ECG.

Recently, various ECG monitoring devices have been developed to diagnose arrhyth-
mia such as atrial fibrillation through long-term monitoring [5,6]. Several studies have
attempted to obtain chest lead equivalents or diagnose STEMI using a single-lead hand-
held ECG recorder or a smartwatch and determine its correlation with a standard 12-lead
ECG [7-10]. Moreover, the recent research focus has been to generate a 12-lead ECG from a
single-lead ECG [11] or to predict STEMI using artificial intelligence [12]. However, studies
related to diagnosis using a handheld 6-lead ECG have not yet been published.
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The smartphone-based handheld 6-lead ECG recording device, Alivecor Kardia Mobile
6 L, has two front transducers and a back transducer. It contacts both the upper limbs and
one lower limb (e.g., left iliac crest, thigh, knee, and lower abdomen) to obtain all limb
leads (I, IL, I1I, aVR, aVL, and aVF). Anterior wall or lateral wall STEMI generally requires a
precordial lead ECG in addition to a limb lead ECG for diagnosis [4]. Inferior wall STEMI
can be diagnosed using limb leads alone. The capability to diagnose inferior wall STEMI
by recording an ECG for 30 s using a handheld ECG device could potentially expedite
diagnosis compared to existing devices that require significant time to move or attach to
a standard 12-lead ECG device (at least 3 to 5 min). The use of this handheld device is
expected to shorten the time required for diagnosis and making treatment decisions for
inferior wall STEMI.

This study aims to evaluate the level of agreement between the results of a handheld
6-lead ECG device and a standard 12-lead ECG in the diagnosis of inferior wall STEMI
to determine whether the use of the handheld device can reduce the time needed for
reperfusion treatment through faster diagnosis.

2. Materials and Methods
2.1. Study Design

Handheld 6-lead ECG device for the early detection of acute inferior wall ST-T seg-
ment elevation myocardial infarction (HINT-MI) is an investigator-derived, multicenter,
observational prospective study to evaluate the ability of a handheld 6-lead ECG device to
diagnose acute inferior wall STEMI (reg. no. clinicaltrials.gov NCT05777083). By compar-
ing a 6-lead ECG using a handheld device and a 12-lead standard ECG in patients with
various types of STEMI and those without STEMI, the diagnostic accuracy of the 6-lead
handheld ECG device in inferior wall STEMI will be evaluated.

2.2. Primary Objectives

This study will investigate the sensitivity and specificity of a handheld six-lead ECG device
compared to a 12-lead ECG for the diagnosis of acute inferior wall myocardial infarction.

2.3. Study Population

Two primary PCI centers in South Korea are participating in this study, representing
full coverage of all levels of care, including state-of-the-art tests, monitoring, imaging
equipment, the latest treatment regimens, access to specialists, and intensive care units.
The study subjects will consist of two types of patients: (a) patients who will first visit
the emergency room and be diagnosed with various types of STEMI by a 12-lead ECG
and undergo primary PCI, and (b) patients without STEMI who will undergo coronary
angiography for chest pain after visiting an outpatient clinic. All the patients enrolled in
this study will provide their voluntary informed consent.

In the case of patients with all kinds of STEMI, a surface 12-lead ECG in the emergency
room and coronary angiography results will be used to screen for STEMI. Patients initially
diagnosed with STEMI by ECG but later confirmed not to have a myocardial infarction by
additional tests (coronary angiography and serum cardiac markers) will be excluded from
the study. The diagnosis of myocardial infarction will follow the criteria of the fourth univer-
sal definition of myocardial infarction [4]. Patients with severe complications of myocardial
infarction such as cardiogenic shock, respiratory failure, or decreased consciousness will be
also excluded.

2.4. Six-Lead Handheld ECG Recorder

A recently developed wearable device for the detection of arrhythmia, a handheld
6-lead ECG recorder based on a smartphone (Kardia Mobile 6 L TM; Alivecor Inc., San Fran-
cisco, CA, USA), enables the patient to measure and transmit the ECG of the limb leads
(Figure 1). It has been clinically validated for detecting atrial fibrillation in various popula-
tions. In our study, a handheld 6-lead ECG recorder will be used to record the limb leads.
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Access to the data is restricted to those authorized by institutional review board to handle
data related to patient care and this study. The server to which the ECG is transmitted will
be managed by the manufacturer. The device manufacturers had no role in the trial design,
data accrual, or analysis.
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Figure 1. Handheld 6-lead ECG recording device in this study. The device is used with finger of
right and left hand touching the respective electrode and a sample ECG rhythm is shown in a mobile
phone display. Copyright with permission from Alivecor.

2.5. ECG Recording
2.5.1. Patients with STEMI

Among all patients with various types of STEMI who visit the emergency room and
do not meet the exclusion criteria, an ECG using a 6-lead handheld device will be recorded,
in addition to a basic 6-lead ECG monitor and a 12-lead ECG. In general, all patients with
STEMI who visit the emergency room undergo a 12-lead ECG in the emergency room and
then move to a catheterization laboratory for coronary angiography. In this study, the first
6-lead ECG by the handheld device will be recorded for 30 s in the supine position. To
prevent any treatment delays, we will record the handheld ECG as part of the procedure
preparation process, including the attachment of basic monitoring. If the first handheld
recording is not available, it will be recorded before leaving the catheter lab.

During the procedure, a wired 6-lead ECG is typically attached to continuously moni-
tor the patient’s condition. We will record this data for 30 s before and after the procedure.
Finally, a 12-lead ECG will be recorded within 1 h after moving to the intensive care unit or
emergency room, according to the general myocardial infarction treatment plan.

2.5.2. Subjects Receiving CAG without STEMI

Data will be collected from patients who do not meet the exclusion criteria among
those without STEMI who visit the hospital for chest pain and are hospitalized to undergo
coronary angiography. In general, for patients admitted to the hospital for coronary
angiography via an outpatient clinic, a standard 12-lead ECG is performed in the ward.
While preparing for the procedure, basic monitoring (such as 6-lead ECG or pulse oximetry)
will be performed immediately upon arrival of the patient in the angiography room, and a
handheld 6-lead ECG will be recorded for 30 s in the supine and sitting position, before or
after the procedure. At the same time, the data from the wired 6-lead ECG continuously
monitoring the patient will be stored and collected (Figure 2).
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Figure 2. Schematic diagram of the study design. ECG = electrocardiogram; STEMI = ST elevation
myocardial infarction.

A standard 12-lead ECG, 6-lead ECG monitor recording, and handheld 6-lead ECG
data will be reviewed in a blinded manner by cardiologists with anonymized patient
information. The ECG results will be matched with the case number and the sensitivity and
specificity of the handheld 6-lead ECG performed before the procedure will be compared to
the standard 12-lead ECG employed for the diagnosis of inferior wall myocardial infarction.
The diagnostic criteria of inferior wall myocardial infarction in the ECG will be considered
as new ST-elevation at the J-point in 2 leads among II, III, aVF leads, with the cut-point of
>1 mm (Figure 3). The resting ECG results of each method will also be compared. Wired 6-
lead monitor recordings will be further used to verify the handheld 6-lead ECG recordings.

Dev ER-3 Speed: 25 mm/sec Limb: 10.00 mm/mV Chest: 10.00 mm/mV 0.05- 150 Hz STD 12 LEAD PHOS0A P?

Figure 3. An example of 1 mm elevation of ST segment (circles) in II, III, aVF leads of inferior STEMI
patient. STEMI = ST elevation myocardial infarction.

2.6. Sample Size Estimates

Based on the diagnosis of inferior wall myocardial infarction using a standard 12-lead
ECG, it was assumed that >98% of inferior wall myocardial infarctions can be diagnosed
using a handheld 6-lead ECG. Based on the existing literature, we assumed that the preva-
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lence of inferior wall STEMI among all STEMI patients would be 40%, and subjects with
STEMI and those without STEMI would be recruited at a 1:2 ratio [13]. To obtain the
Cohen’s kappa coefficient, with minimum acceptable kappa (x0): 0.8, expected kappa (k1):
0.98, proportion of outcome (p): 0.4 x 1/3 = 0.13, significance level (o): 0.05 (two-tailed),
power (1 — (3): 80%, expected dropout rate: 10%, the target number of subjects was deemed
to be 216 in total (72 subjects with STEMI and 144 subjects without STEMI).

2.7. Statistical Analysis

For continuous variables, the mean or median with standard deviation or interquartile
range will be presented. The t-test or one-way ANOVA will be performed for data that
follow a normal distribution, depending on the normality test results obtained by the
Shapiro-Wilk test; otherwise, the Mann—-Whitney U or Kruskal-Wallis test will be per-
formed. Categorical variables will be presented as frequencies and percentages and will
be compared using the chi-square test and Fisher’s exact test. The relationship between
variables will be assessed using Pearson’s or Spearman’s correlation coefficients. The im-
portance of each variable will be analyzed using logistic regression analysis. The Cohen’s
kappa coefficient test will be performed to confirm the diagnostic concordance between
each test; further, the concordance rate, rate of positive agreement, and McNemar’s test will
be also performed. The sensitivity and specificity of the 6-lead ECG will be assessed based
on the evaluation results obtained by the standard 12-lead ECG. To assess the sensitivity
and specificity of the 6-lead handheld ECG in detecting inferior wall STEMI compared
to the 12-lead ECG, comparisons between these two types of ECGs will be conducted on
patients with various types of STEMI as well as on patients presenting with chest pain with-
out STEML. This analysis aims to determine whether the 6-lead handheld ECG performs
comparably to the gold standard 12-lead ECG in identifying inferior wall STEMI among
patients presenting with chest pain. Additionally, to evaluate the consistency of the 6-lead
handheld ECG across different patient positions, both sitting and supine positions will be
utilized to perform handheld ECGs on all STEMI patients and those presenting in outpa-
tient settings. This analysis aims to demonstrate minimal variation in the performance of
the 6-lead handheld ECG based on patient posture (Figure 2).

The Statistical Package for the Social Sciences (SPSS version 26.0; IBM SPSS Statistics,
Armonk, New York, NY, USA), R (version 4.4.1; R Core Team, 2022) and RStudio (ver-
sion 2024.04.2+764; Rstudio Team, 2022) will be used for statistical analyses. Statistical
significance will be set at p < 0.05.

2.8. Current Status

The HINT-MI study planned to complete a 1-year enrolment period for the 216 pre-
specified participants. The first participant was enrolled in December 2022, and approxi-
mately 114 patients, including 24 patients with STEMI, were enrolled by the end of May
2024. Enrolment may be completed in late 2024, and the primary results of the HINT-MI
study will be available by early or mid-2025.

2.9. Ethical Conduct

The study protocol was approved by the independent ethics committee of Ewha
Womans University Mokdong Hospital, Seoul, Korea (EUMC 2022-09-034-05), and all par-
ticipating centers obtained approval from their corresponding ethics committees. All study
procedures will comply with the principles of Good Clinical Practice and the 1975 Decla-
ration of Helsinki. Only patients who provide written informed consent after receiving
sufficient explanation will be included.

3. Discussion

As new handheld or wearable ECG devices have been developed, and smartwatch
ECG recordings have become possible, several studies have been conducted to determine
whether STEMI can be diagnosed using mobile devices. A study was conducted to de-
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termine whether STEMI can be diagnosed by serial recording using a smartphone and a
single-lead ECG device. In this study, the ECG was performed by placing an electrode
connected to the device using an electric wire with electrode clamps on an ECG sticker
attached to each lead [9]. In another study, an ECG was recorded by serial contact between
the smartwatch and the ECG electrode area, and ST wave changes were confirmed with a
Cohen « coefficient, 0.88; 95% CI, 0.78-0.97 [10].

A six-lead recorder-type ECG device based on a smartphone (AliveCor KardiaMobile
6 L), a small device (9.0 x 3.0 x 0.72 cm) that can measure and transmit the ECG, has
been developed. This mobile 6-lead handheld ECG recording device was compared with a
12-lead ECG to validate interval duration measurements such as heart rate, PR interval,
QRS duration, and QT interval [14]. While a previously described study used a single-lead
ECG device, Mercer et al. reported methods employing a handheld 6-lead ECG recorder
and ECG patches simultaneously to record chest lead equivalents [8].

Although these studies have shown the possibility of using mobile ECG recordings
for STEMI, the methods used in these previous studies were more time consuming than
a conventional ECG. Because rapid diagnosis is important for improving prognosis in
STEMI [2], our study focuses on reducing the time required for diagnosis. To address this
need for speed, we have prioritized investigating the rapid diagnosis of inferior wall STEMI.
This particular focus is because diagnosing inferior wall STEMI requires only six leads,
aligning with our objective to expedite diagnosis using a handheld 6-lead ECG device.

Another factor to consider is that the 6-lead handheld ECG device can record while
an individual is sitting or lying down, depending on the convenience of use. We will
also examine whether there is a difference between the sitting and supine positions when
recording with a six-lead ECG device and determine whether it is suitable to use the six-lead
ECG recorded in the supine position for diagnosis. In addition, since the results of each
ECG method will be evaluated blindly, bias related to the reading itself will be reduced.

Through this study process, confirming the ability to rapidly diagnose inferior STEMI
could serve as a foundation for future advancements, such as using artificial intelligence
(AI) to generate 12-lead ECGs from 3-lead ECGs for diagnosing all types of STEMI. Al
research in this area is currently being published as a preprint and is expected to further
develop in the future [15].

This study aims to demonstrate the compatibility of the six-lead ECG recording device
for the rapid diagnosis of inferior wall MI compared to the 12-lead standard ECG. By
potentially reducing the time required for diagnosing inferior wall STEMI, physicians
would have more opportunities to improve outcomes for patients with STEMI.

Study Limitations

In this study, we will compare two types of ECG for the diagnostic accuracy of inferior
wall STEMI: a 6-lead ECG using a handheld device and a standard 12-lead ECG. This
study will have some limitations. The sets of ECGs will not be recorded simultaneously.
Owing to the variability in autonomic tone and heart rate, it is not expected that the
measurements taken 5-15 min apart will be identical. This limits the usefulness of these
data for comparing the precision of ECG measurements obtained using the two ECG
recording methods. However, the diagnosis of STEMI by ECG is primarily based on
the elevation of the ST wave; therefore, it is unlikely that these timing differences will
significantly impact the overall diagnosis of STEMI. Additionally, diagnosing other types
of STEMI, such as anterior and lateral STEMIs, requires additional precordial leads beyond
the six available in our handheld device. Nevertheless, prompt diagnosis of inferior wall
STEMI could potentially lead to earlier interventions and improved patient outcomes.

4. Conclusions

If a handheld 6-lead ECG device is capable of diagnosing inferior wall STEMI, it can
reduce the time required to diagnose inferior wall STEMI and enable early treatment.



Medicina 2024, 60, 1164 70f8

Author Contributions: J.P, I-SK., CK. and S.J.: conceptualization. J.P.,, I.-6.K., CK. and S.J.:
methodology. S.J.: writing—original draft and visualization. S.J.: statistical methodology. J.P., I.-S.K.,
CK,, SJ. and S.S.: writing—review and editing. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by the Ewha Womans University Research Grant of 2023
(1-2023-1729-001-1).

Institutional Review Board Statement: The study protocol was approved by the independent ethics
committee of Ewha Womans University Mokdong Hospital, Seoul, Korea (EUMC 2022-09-034-05,
12 December 2022), and all participating centers obtained approval from their corresponding ethics
committees. All study procedures will comply with the principles of Good Clinical Practice and the
1975 Declaration of Helsinki.

Informed Consent Statement: Patients who provide written informed consent after receiving suffi-
cient explanation was and will be included.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: AliveCor™ (San Francisco, California) graciously provided two 6-lead-type
ECG devices used in this study. AliveCor had no role in the study design, collection, analysis,
interpretation of data, writing of the paper, or decision to submit the article for publication.

Conflicts of Interest: The authors declare that the research reported herein was conducted in the
absence of any commercial or financial relationships that could be construed as potential conflicts
of interest. The HINT-MI study is an investigator-initiated study. Besides financial sponsorship,
the institute and company had no role in the protocol development or in the implementation,
management, data collection, or analysis of this study. The authors are responsible for the design and
implementation of the trial, the related statistical analyses, and all aspects of manuscript preparation,
including drafting, editing, and final content.

Abbreviations

ECG, electrocardiography; PCI, percutaneous coronary intervention; STEMI, ST-T segment
elevation myocardial infarction; and HINT-MI, handheld 6-lead ECG device for early detection of
acute inferior wall ST-T segment elevation myocardial infarction.

References

1.

Terkelsen, C.J.; Serensen, ].T.; Maeng, M.; Jensen, L.O,; Tilsted, H.-H.; Trautner, S.; Vach, W.; Johnsen, S.P.; Thuesen, L.; Lassen, J.F.
System Delay and Mortality among Patients with STEMI Treated with Primary Percutaneous Coronary Intervention. JAMA 2010,
304, 763-771. [CrossRef] [PubMed]

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] [PubMed]

Gulati, M,; Levy, P.D.; Mukherjee, D.; Amsterdam, E.; Bhatt, D.L.; Birtcher, K.K.; Blankstein, R.; Boyd, J.; Bullock-Palmer, R.P;
Conejo, T.; et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain:
A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines.
Circulation 2021, 144, e368—e454. [CrossRef] [PubMed]

Thygesen, K.; Alpert, ].S.; Jaffe, A.S.; Chaitman, B.R.; Bax, ].].; Morrow, D.A.; White, H.D.; Group, E.S.C.S.D. Fourth universal
definition of myocardial infarction (2018). Eur. Heart J. 2019, 40, 237-269. [CrossRef] [PubMed]

Kaura, A.; Sztriha, L.; Chan, EX.; Aeron-Thomas, J.; Gall, N.; Piechowski-Jozwiak, B.; Teo, ].T. Early prolonged ambulatory
cardiac monitoring in stroke (EPACS): An open-label randomised controlled trial. Eur. . Med. Res. 2019, 24, 25. [CrossRef]
[PubMed]

Zungsontiporn, N.; Link, M.S. Newer technologies for detection of atrial fibrillation. BM] 2018, 363, k3946. [CrossRef] [PubMed]
Avila, C.O. Novel Use of Apple Watch 4 to Obtain 3-Lead Electrocardiogram and Detect Cardiac Ischemia. Perm. J. 2019, 23, 19-025.
[CrossRef] [PubMed]

Mercer, B.; Leese, L.; Ahmed, N.; Holden, A.V.; Tayebjee, M.H. A simple adaptation of a handheld ECG recorder to obtain chest
lead equivalents. J. Electrocardiol. 2020, 63, 54-56. [CrossRef] [PubMed]


https://doi.org/10.1001/jama.2010.1139
https://www.ncbi.nlm.nih.gov/pubmed/20716739
https://doi.org/10.1093/eurheartj/ehx393
https://www.ncbi.nlm.nih.gov/pubmed/28886621
https://doi.org/10.1161/CIR.0000000000001029
https://www.ncbi.nlm.nih.gov/pubmed/34709928
https://doi.org/10.1093/eurheartj/ehy462
https://www.ncbi.nlm.nih.gov/pubmed/30165617
https://doi.org/10.1186/s40001-019-0383-8
https://www.ncbi.nlm.nih.gov/pubmed/31349792
https://doi.org/10.1136/bmj.k3946
https://www.ncbi.nlm.nih.gov/pubmed/30333105
https://doi.org/10.7812/TPP/19-025
https://www.ncbi.nlm.nih.gov/pubmed/31314734
https://doi.org/10.1016/j.jelectrocard.2020.10.005
https://www.ncbi.nlm.nih.gov/pubmed/33099175

Medicina 2024, 60, 1164 80f8

10.

11.

12.

13.

14.

15.

Mubhlestein, J.B.; Anderson, J.L.; Bethea, C.E,; Severance, H-W.; Mentz, R.J.; Barsness, G.W.; Barbagelata, A.; Albert, D.; Le, V.T,;
Bunch, T.J.; et al. Feasibility of combining serial smartphone single-lead electrocardiograms for the diagnosis of ST-elevation
myocardial infarction. Am. Heart J. 2020, 221, 125-135. [CrossRef]

Spaccarotella, C.A.M.; Polimeni, A.; Migliarino, S.; Principe, E.; Curcio, A.; Mongiardo, A.; Sorrentino, S.; De Rosa, S.; Indolfi, C.
Multichannel Electrocardiograms Obtained by a Smartwatch for the Diagnosis of ST-Segment Changes. JAMA Cardiol. 2020,
5,1176-1180. [CrossRef] [PubMed]

Beco, S.C.; Pinto, ].R.; Cardoso, ].S. Electrocardiogram lead conversion from single-lead blindly-segmented signals. BMC Med.
Inform. Decis. Mak. 2022, 22, 314. [CrossRef] [PubMed]

Gibson, C.M.; Mehta, S.; Ceschim, M.R.S.; Frauenfelder, A.; Vieira, D.; Botelho, R.; Fernandez, F.; Villagran, C.; Niklitschek, S.;
Matheus, C.I; et al. Evolution of single-lead ECG for STEMI detection using a deep learning approach. Int. J. Cardiol. 2022,
346, 47-52. [CrossRef] [PubMed]

Newman, ].D.; Shimbo, D.; Baggett, C.; Liu, X,; Crow, R.; Abraham, ].M.; Loehr, L.R.; Wruck, L.M.; Folsom, A.R.; Rosamond, W.D.;
et al. Trends in myocardial infarction rates and case fatality by anatomical location in four United States communities, 1987 to
2008 (from the Atherosclerosis Risk in Communities Study). Am. J. Cardiol. 2013, 112, 1714-1719. [CrossRef] [PubMed]
Kleiman, R.; Darpo, B.; Brown, R.; Rudo, T.; Chamoun, S.; Albert, D.E.; Bos, ] M.; Ackerman, M.]. Comparison of electrocardio-
grams (ECG) waveforms and centralized ECG measurements between a simple 6-lead mobile ECG device and a standard 12-lead
ECG. Ann. Noninvasive Electrocardiol. 2021, 26, €12872. [CrossRef]

Mason, E; Pandey, A.C.; Gadaleta, M.; Topol, E.J.; Muse, E.D.; Quer, G. Al-Enhanced Reconstruction of the 12-Lead Electrocardio-
gram via 3-Leads with Accurate Clinical Assessment. medRxiv 2024. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ahj.2019.12.016
https://doi.org/10.1001/jamacardio.2020.3994
https://www.ncbi.nlm.nih.gov/pubmed/32865545
https://doi.org/10.1186/s12911-022-02063-6
https://www.ncbi.nlm.nih.gov/pubmed/36447207
https://doi.org/10.1016/j.ijcard.2021.11.039
https://www.ncbi.nlm.nih.gov/pubmed/34801613
https://doi.org/10.1016/j.amjcard.2013.07.037
https://www.ncbi.nlm.nih.gov/pubmed/24063834
https://doi.org/10.1111/anec.12872
https://doi.org/10.1101/2024.01.30.24302001

	Introduction 
	Materials and Methods 
	Study Design 
	Primary Objectives 
	Study Population 
	Six-Lead Handheld ECG Recorder 
	ECG Recording 
	Patients with STEMI 
	Subjects Receiving CAG without STEMI 

	Sample Size Estimates 
	Statistical Analysis 
	Current Status 
	Ethical Conduct 

	Discussion 
	Conclusions 
	References

