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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
We use an iPhone to use “send pdf to your doctor” function of Apple Health App.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Most important steps are 3.1, 3.2, 3.3, 4.1 and 4.2

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Recording of Einthoven II and III with the watch in subjects lower abdomen.

5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Alexander Samol: This protocol enables subjects owning a smartwatch with ECG function to record three bipolar single lead ECGs comparable to Einthoven leads I to III from a standard ECG.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Alexander Samol: This technique may help to detect cardiac arrhythmias or myocardial ischemia. Subjects could help their doctor identify ECG abnormalities immediately after onset of symptoms.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Alexander Samol: This method can principally be applied to all bipolar ECG recording devices and smartwatches with ECG function except for the protocol for sending the pdf file to the doctor, which is specific to the device App.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
 
1.4. Alexander Samol: It is important that the subject is able to generate a good skin contact, especially during recording of leads II and III. It may be difficult to record the Einthoven leads II and III because the watch has to be placed on the lower abdomen of the individual. Therefore, a resting position is mandatory.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Introduction of Demonstrator: (Said by you on camera)


1.5. Alexander Samol: Demonstrating the procedure will be Sven Kaese, a colleague from my laboratory. 

1.5.1. INTERVIEW: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. This study was performed according to the Declarations of Helsinki and approved by the Ethics Committee of the Aerztekammer Westfalen-Lippe.

Section - Protocol
2. Standard 12-lead ECG Recording 
2.1. To record a standard ECG, use a common ECG device [1] and adjust the paper running speed to 50 millimeters per second [2]. Perform the recording after a 5-minute resting period in a supine position [3]. 
2.1.1. WIDE: Establishing shot of talent next to the ECG device. 
2.1.2. Talent adjusting the paper running speed. 
2.1.3. Subject in a supine position. 
2.2. Place the right and left arm electrodes near the shoulders [1] and the right and left leg electrodes near the ankles [2]. Then, place the V1 and V2 electrodes in the fourth intercostal space at the right and left parasternal lines, respectively [3]. 
2.2.1. Talent placing one or both arm electrodes. 
2.2.2. Talent placing one or both leg electrodes. 
2.2.3. Talent placing one or both V1 and V2 electrodes. 
2.3. Place the V4 electrode in the fifth intercostal space at the midclavicular line [1] and the V3 electrode between the V2 and V4 [2]. Then, place the V5 electrode in the fifth intercostal space at the anterior axillary line [3] and the V6 electrode at the mid-axillary line [4]. 
2.3.1. Talent placing the V4 electrode. 
2.3.2. Talent placing the V3 electrode. 
2.3.3. Talent placing the V5 electrode. 
2.3.4. Talent placing the V6 electrode. Author comment: the videographer filmed first 2.3.4 and then 2.3.3

2.4. Once all electrodes are in place [1], record a standard 12-lead ECG with the ECG device [2]. 

2.4.1. WIDE: Shot of subject with all electrodes properly placed. Video Editor: Label the electrodes with text overlay according to the image here https://www.cablesandsensors.com/pages/12-lead-ecg-placement-guide-with-illustrations. Except the leg electrodes on the subject are near the ankles. 
2.4.2. Talent recording ECG. 
3. Smartwatch ECG Recording 
3.1. Record the smartwatch ECG immediately after recording the standard ECG [1]. Enable the application for ECG recording, which will record a 30 second ECG after proper skin contact with the smartwatch [2]. 
3.1.1. Subject putting on the smartwatch. 
3.1.2. Subject activating the app on the watch. Videographer: Film the screen of the smartwatch. 
3.2. Record Einthoven one by placing the back of the smartwatch on the left wrist and the right index finger on the crown [1]. Then, record Einthoven two by placing it on the left lower abdomen and the right index finger on the crown [2]. Finally, record Einthoven three in the same position but with the left index finger on the crown [3]. 
3.2.1. Subject positioning the smartwatch. Video Editor: Add Figure 1 A as an insert here. 
3.2.2. Subject positioning the smartwatch. Video Editor: Add Figure 1 B as an insert here.
3.2.3. Subject positioning the smartwatch. Video Editor: Add Figure 1 C as an insert here.
3.3. Ensure that the right and left index finger do not contact the skin of the wrist or lower abdomen [1] and that the subject does not move during the recording [2]. 
3.3.1. Right or left index finger in contact with the skin, to demonstrate wrong position. Video Editor: Emphasize that this is something not to do, perhaps cross it out or add a text overlay. 
3.3.2. Subject staying still during the recording.  

4. Analysis of ECGs
4.1. Use the “send PDF to your doctor” function to create a PDF document of every smartwatch ECG lead [1], then print the digital ECG on paper for comparison with the standard ECG [2].
4.1.1. SCREEN: “send PDF to your doctor” function selected. Videographer: Film the screen here as well.  Author comment: I used my smartphone for this shoot. Some private Mailadresses and Names plopped up, when I wanted to send the pdf to my working mail-account. Please blind the other mail addresses occuring in this sequence.
4.1.2. The ECG printing.
4.2. Classify all smartwatch ECGs as moderate quality if at least three consecutive QRS-complexes show noise-free signal quality and there are no artifacts in the isoelectric lines between complexes [1]. If this is true for ten QRS-complexes, classify the ECG as good quality [2]. Then, perform statistical analysis on the ECGs [3]
4.2.1. LAB MEDIA: Example of a good digital ECG with 3 QRS-complexes on the screen. Author will upload image. 
4.2.2. LAB MEDIA: Same example, just zoomed out to 10 QRS-complexes. 
4.2.3. Talent at the computer performing statistical analysis. 

[bookmark: _GoBack]
Section – Results
5. Results: Evaluation of Smartwatch ECG Recordings  
5.1. The smartwatch recording protocol was tested on 100 healthy subjects, all of whom managed the ECG recording procedure after a short tutorial [1-TXT]. Of the total recorded ECGs, 92% were of good signal quality and 8% of moderate signal quality [1-TXT].
5.1.1. Table 1. TEXT: 66 female; 34 male
5.1.2. Table 1. Video Editor: Include these abbreviation explanations next to the table TEXT: BSA = body surface area; BMI = body mass index; HR = heart rate.
5.2. Despite different writing speeds of the standard and smartwatch ECG curves, the morphologies of the three channels were clearly identical [1]. 
5.2.1. Figure 2. Video Editor: On one of the curves, label the black line “typical standard ECG with Einthoven I–III leads” and the red line “smartwatch ECG”
5.3. Three blinded cardiologists were asked to assign the smartwatch ECGs to the corresponding Einthoven leads in each subject, all three correctly assigned the ECGs from 89 participants [1-TXT]. All assignment errors were made in the ECGs with good signal quality [2], but the errors occurred in statistically older subjects [3-TXT]. 
5.3.1. Figure 2. TEXT: 89%
5.3.2. Figure 2. 
5.3.3. Figure 2. TEXT: 46  10 vs. 37  11 years





Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Alexander Samol: When attempting this procedure, the most important thing is to perform recordings in resting conditions to obtain best ECG signal quality.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.1.3. 
6.2. Alexander Samol: Chest lead ECG recordings may also be recordable with the device to give additional informations of the anterior wall of the left ventricle.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Alexander Samol: This technique may enable a wide spread of diagnostic potential in an outpatient setting for cardiac disorders.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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