Study Protocol
	Title
	Validation of portable ECG Device among Patients with Coronary Artery Disease

	Study Design
	Prospective observational implementation study

	Background
	· Rationale
A variety of wearable electrocardiography (ECG) devices have recently been developed, and their usefulness for the diagnosis and management of patients with cardiovascular diseases has been suggested. However, information regarding clinically meaningful differences between ECG signals obtained from wearable devices and those from standard medical-grade ECG systems remains limited in real-world patients with cardiovascular disease.
· Evaluation Endpoints
1. Primary endpoint: Quantitative comparison of ECG signal agreement
2. Secondary endpoint: Qualitative comparison of ECG signal agreement

	Objective
	This study aims to verify the signal quality of a portable electrocardiograph in order to enhance its clinical usability, and to explore patient subgroups in which the device may demonstrate higher validity.

	Study
	Approximately 228 adult patients who are suspected of having coronary artery disease and are scheduled to undergo coronary angiography will be enrolled.

	Inclusion Criteria
	1. Adults aged 19 years or older
2. Patients who are scheduled to undergo or have undergone coronary angiography
3. Individuals who are willing to participate in the study and are able to complete the informed consent process
4. Individuals who are able to understand and follow study-related education and instructions

	Exclusion Criteria
	1. Individuals with physical disabilities that prevent the use of a portable electrocardiograph
2. Individuals with intracardiac devices, such as a pacemaker, implantable cardioverter-defibrillator (ICD), cardiac resynchronization therapy (CRT), ventricular assist device (VAD), etc.
3. Individuals who are unable to read the informed consent form (e.g., illiterate individuals, foreigners unable to read the language)
4. Any other individuals deemed inappropriate for participation in the study based on the investigator’s judgment

	Data Analysis
	Agreement of ECG signals will be assessed using statistical methods such as the paired t-test and Bland–Altman analysis. Statistical analyses will be performed using SPSS and R.

	Keywords
	Portable electrocardiograph (Portable ECG), Coronary artery disease (CAD)
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1. Study Title
Validation of portable ECG Device among Patients with Coronary Artery Disease

2. Name and Address of the Study Site(s)
1) Chonnam National University Hospital
Address: 42, Jebong-ro, Dong-gu, Gwangju, Republic of Korea (61469)
2) Vuno Inc
Address: 479, Gangnam-daero, Seocho-gu, Seoul, Republic of Korea (06541)

3. Principal Investigator and Co-Investigators (Name and Title)
1) Principal Investigator
Name: Kyoung Hoon Cho
Affiliation: Department of Cardiology, Chonnam National University Hospital
Title: Associate Professor
2) Co-Investigators
	Name
	Affiliation
	Title

	Min Chul Kim
	Department of Cardiology, Chonnam National University Hospital
	Associate Professor

	Dae Young Hyun
	Department of Cardiology, Chonnam National University Hospital
	Clinical Assistant Professor

	Yongwhan Lim
	Department of Cardiology, Chonnam National University Hospital
	Clinical Professor

	Seok Oh
	Department of Cardiology, Chonnam National University Hospital
	Clinical Professor



5. Funding Source (Name and Address)
Chonnam National University Hospital Biomedical Research Institute

6. Expected Study Period
From the date of IRB approval to October 18, 2023.

7. Target Disease / Condition
A total of 228 patients at A University Hospital who are suspected of having CAD and are scheduled to undergo or have undergone coronary angiography during the study period will be included.

8. Background and Rationale
Various wearable ECG devices have recently been developed, and their utility for the diagnosis and management of patients with cardiovascular disease has been suggested [1]. Patch-type ECG devices allow longer monitoring periods than conventional Holter monitoring; however, they may cause discomfort due to attachment and have limitations in analysis because they are typically single-lead devices. In contrast, limb-lead portable ECG devices provide convenience and enable the use of multiple ECG signals, potentially improving diagnostic accuracy [2]. This study compares ECG signals acquired using a standard GE ECG system currently used in clinical practice with those acquired using the Hativ portable ECG device (a medical device approved in Korea), in order to validate whether the Hativ device can be meaningfully utilized in home settings for patients with cardiovascular disease, particularly those with suspected coronary artery disease [3–5].

9. Methods
9.1 Eligibility Criteria
Inclusion criteria:
Adults aged ≥19 years.
Patients at A University Hospital who are suspected of having CAD and are scheduled to undergo or have undergone coronary angiography between September 2022 and October 2023.
Patients who provide written informed consent.
Patients who are able to understand and follow study-related education and instructions.
Exclusion criteria:
Individuals with physical disabilities that prevent use of the Hativ portable ECG device.
Individuals with intracardiac devices such as a pacemaker, implantable cardioverter-defibrillator (ICD), cardiac resynchronization therapy (CRT), ventricular assist device (VAD), etc.
Individuals unable to read the informed consent form (e.g., illiterate individuals or foreigners unable to read the language).
Any other individuals deemed inappropriate for participation by the investigator.
Withdrawal criteria:
Missing demographic, procedure-related information, or diagnosis.
Missing ECG examination information.
Collection of ECG waveforms that are not interpretable.
9.2 Sample Size
The total planned sample size is 228 participants. Based on a prior study [3], the mean and standard deviation of the heart rate difference between devices were 5.4 bpm and 7.5 bpm, respectively. For paired data, assuming an effect size of 0.2, one-sided significance level of 0.05, and power of 0.90, 207 participants are required. Considering a 10% dropout rate, a total of 228 participants will be enrolled.

9.3 Recruitment and Informed Consent
Study staff will conduct an interview with potential participants in a private setting and provide an explanation of the study, including the informed consent process. Enrollment will proceed only after the participant has been fully informed and has provided written consent. Vulnerable individuals who are neurologically unable to provide informed consent will be excluded.

9.4 Study Procedures
Study Objective
This study aims to compare and verify the waveform pattern agreement rate and numeric values of ECG waveforms between ECG signals collected using the Hativ portable electrocardiograph and those collected using a standard 12-lead ECG system in patients suspected of having coronary artery disease.
Protocol
From the date of IRB approval until study completion (completion of signal collection and study enrollment), the study will be conducted as follows:
1. Patients suspected of having coronary artery disease will be prospectively assigned among those scheduled to undergo coronary angiography, following medical history taking and baseline examinations (including ECG) during the physical examination process at admission.
2. Using the Hativ device, total examination time, HR, RR interval, PR interval, QRS duration, QTc interval, and R axis will be measured and compared with the results obtained from a commercial standard 12-lead ECG system.
3. ECG signals will be recorded in various patient postures, including supine and sitting positions.
The study aims to verify whether there are any coronary artery disease–specific issues affecting Hativ signal quality, to further enhance the existing Hativ signal implementation system, and to improve the accuracy of numeric values.

Data Collection
VUNO will pre-generate anonymous accounts (Subject No.) linked to the Hativ device that contain no personally identifiable information and will provide them to the hospital in advance. The hospital will assign a de-identified study ID to each participant. The de-identified ID assigned to the participant and the ECG data collected through the Hativ device will be transmitted via a VUNO-provided tablet PC and stored in a cloud environment that complies with personal information protection and information security standards (see attached file). Researchers will download and analyze anonymized data. The data stored in the cloud will include only the de-identified ID, hospital name, collecting nurse initials, ECG measurement time, and XML files; therefore, patient identification is not possible using the cloud data alone. Data confidentiality and security will be strictly ensured, and results will be shared with the manufacturer. Standard 12-lead ECG data will be extracted from MUSE and stored using the de-identified study ID. Other clinical data will also be collected in an Excel file based on the same study ID.
Procedures (Completed on Day 1; no additional visits)
1) Day 1 Screening
Participants selected to take part in this study will receive an explanation of the trial and undergo the following assessments:
· The study procedures will be explained prior to participation, and written informed consent will be obtained.
· A screening number will be assigned sequentially to each participant.
· Participant demographic and clinical information will be collected/recorded.
2) Day 1 Clinical Trial
· ECG signals will be recorded using the Hativ device in both supine and sitting positions.
3) Day 1 ECG Result Confirmation, Study Enrollment, and Completion
· A 12-lead ECG signal temporally proximate to the Hativ ECG will be collected, and study enrollment or withdrawal will be determined based on the availability and quality of ECG signals obtained from the two different ECG systems.
· The study will be completed immediately upon confirmation of enrollment.
4) Course and Follow-up

· Hativ and 12-lead ECG data will be collected, and the investigator will interpret waveforms and measure/analyze numeric values. All collected data will be used solely for research purposes; real-time interpretation will not be performed, and results will not be provided to participants.
5. Observed and Collected Variables
A. Date of birth, sex, body weight, height, whether coronary angiography was performed and the date/time, diagnosis, whether percutaneous coronary intervention (PCI) was performed and the date/time, target vessel name, whether echocardiography was performed within 30 days and the date/time and left ventricular ejection fraction (LVEF), whether BNP, proBNP, Cr, and K blood tests were performed within 1 week and the date/time and values
B. ECG data collected from the Hativ device and the standard 12-lead ECG system
10. Risk/Benefit Assessment
Risks: This study involves applying the Hativ device to collect ECG signals in patients suspected of CAD. No additional clinical risk is anticipated. Participants will be assigned de-identified codes to protect personal information. No adverse effects or complications are expected from the additional ECG signal collection beyond standard 12-lead ECG. Potential inconveniences include: (A) maintaining an appropriate posture to place the portable ECG device on the lower limbs, and (B) approximately 10 minutes of additional time to confirm proper device operation.
Benefits: By comparing ECG signals from the portable ECG device with those from standard clinical ECG systems and exploring patient subgroups in which the device shows higher validity, this study may contribute to improved public health and advancement of digital healthcare.

11. Standard of Care
All participants will receive standard diagnostic procedures and treatment for suspected CAD according to routine clinical practice. Information acquired from the Hativ device provides additional data beyond standard care; therefore, all participants will undergo standard procedures regardless of study participation.

12. Statistical Analysis
A. Primary Outcome:
· Quantitative assessment of ECG signal agreement (Total QRS complexes, total ventricular ectopic beats, total atrial ectopic beats, HR, RR interval, PR interval, QRS duration, QTc interval, R axis)
B. Secondary Outcome:
· Qualitative assessment of ECG signal agreement (overall QRS complex morphology, noise)
C. Statistical Analysis Methods
· Continuous variables will be presented as mean ± SD; depending on the distribution of the variables, median (IQR) may also be reported. Categorical variables will be analyzed using the chi-square test. Agreement between the two ECG systems will be assessed using the paired t-test, Bland–Altman analysis, and bias assessment.
13. Study Discontinuation and Withdrawal
A. If the participant withdraws consent and requests discontinuation from the study
B. If, after enrollment, a major violation of the inclusion or exclusion criteria is identified
· In cases where participation is discontinued or the participant is withdrawn from the study for the reasons described above, study participation will be terminated. The study physician and study staff will ensure that personal information collected for research purposes prior to withdrawal is anonymized and managed in a manner that prevents disclosure. Only data collected prior to discontinuation or withdrawal will be used for research. Study-related records will be stored for 3 years after study completion and will then be destroyed. Importantly, discontinuation or withdrawal from this clinical study will not result in any disadvantages to the participant or affect their medical care.
14. Risks and Benefits of Study Participation
This study involves obtaining and utilizing biosignals from a portable electrocardiograph, which is a non-invasive, minimal-risk medical device approved by the Korean Ministry of Food and Drug Safety (MFDS). No foreseeable risks to participants are anticipated, and there are no specific benefits provided to participants for participation in the study (including financial compensation). The portable electrocardiograph used in this study will be loaned by the manufacturer to the investigator for the duration of the study and will be returned after study completion. Participants will use the device under the supervision of the investigator but will not be provided with the device for personal ownership. There are no financial conflicts of interest between the principal investigator and the manufacturer. Participants may freely provide feedback regarding their user experience with the device.

15. Medical Device Accountability
The investigational medical device Hativ (VUNO) will be managed by the principal investigator during the study period. Records will be maintained for device receipt, including the date of receipt, serial number, name of the recipient/user, number of uses, and reasons for use, as well as any transfer records.

16. Data Management
Security: Personally identifiable information will be coded and stored on a computer with restricted external access. Additionally, coded research data will be stored and managed in VUNO’s cloud system compliant with personal information protection and information security standards. ECG data transmitted via the mobile application are stored in the cloud. Cloud data will be retained for the study period and for 3 years after study completion. Data will be disposed of appropriately in accordance with applicable personal information protection laws; however, retention may be extended if deemed necessary by the principal investigator.
Monitoring plan: Under the supervision of the principal investigator, source documents and case report form (CRF) completeness will be reviewed every 4 months. An independent safety reviewer will evaluate study conduct and monitor data.
17. Additional Requirements for Conducting the Study Safely and Scientifically
1) Compliance with the Declaration of Helsinki and Good Clinical Practice (GCP)
This clinical study will be conducted in accordance with the ethical principles based on the Declaration of Helsinki (“Recommendations guiding physicians in biomedical research involving human subjects”) and in compliance with applicable standards for the conduct of clinical research (Good Clinical Practice).
2) Study Site
The head of the study site shall ensure that, at each stage of the clinical study, the site is fully equipped with the necessary clinical research facilities, equipment, and qualified personnel, and shall take all necessary measures to ensure that the study is conducted appropriately.
3) Institutional Review Board (IRB)
This clinical study will be reviewed and approved by the Institutional Review Board (IRB) of the study site to assess the ethical, scientific, and medical validity and appropriateness of the study.
4) Protection of Participants’ Rights
The principal investigator and/or study staff will carefully consider the protection of human rights when selecting participants. Based on the inclusion and exclusion criteria, the investigators will take into account the participant’s health status, symptoms, age, sex, capacity to provide consent, dependent relationship with the investigator, and any prior participation in clinical research, before recommending participation in the study. Participants will be registered using a subject identification code, and adequate measures will be taken to protect privacy, including the participant’s name and disease-related information.
5) Confidentiality
Confidentiality of participants: The identity of all participants will be kept confidential, and participants will be identified during documentation and assessment only by the unique subject number assigned during the study. Participants will be informed that all study-related data will be stored electronically and handled as strictly confidential. Signed informed consent forms will be retained by the principal investigator or designated study personnel. Issues related to privacy and confidentiality are clearly stated in the participant information sheet and informed consent form.
18. Compensation for Injury
The device is a non-invasive, minimal-risk medical device approved by the Korean regulatory authority. As this is considered a minimal-risk study involving signal collection, no additional compensation provisions apply.
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