A method for patient directed recording of a bipolar three-lead electrocardiogram using a smartwatch with ECG function

Response to Editor
We are very thankful for your constructive and helpful review. In the revised version we have improved the content in accordance with your comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
We proofreaded the manuscript and checked the grammar.

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
All figures were produced by our own, no permissions are warranted.
3. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded separately to your Editorial Manager account.
All figures were removed from the manuscript file and uploaded separately.

4. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file.
All tables were removed from the manuscript file and uploaded separately.

5. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text.
Figure legends were modified.

6. Please do not abbreviate journal titles for references.
We modified the reference list.
7. Please check the Standard Access or Open Access box in Author License Agreement (page 1).
Author license agreement was modified and has already been sent to your Journal.
8. Step 1.2: Please write this step in the imperative tense.
Step was written in imperative tense.
9. 4.3: Please write this step in the imperative tense.
Step was written in imperative tense.

10. 4.4: Please write this step in the imperative tense.
Step was written in imperative tense.

11. Figure 2: Please add a short description of the figure in Figure Legend.
A short description was added. 
Response to Reviewer #1
Manuscript Summary:

The authors describe a novel use of an existing commercially available smartwatch device to acquire ambulatory EKG data.

The authors demonstrate a proof of useability of the apple watch in acquiring 3 lead EKG data which is novel and valuable to the scientific and commercial community

Major Concerns:

the paper is well written and describes a novel approach to improved data acquisition of more detailed EKG data from ambulatory patients

the extent and use of this technology will be inherently limited due to the number and complexity of steps required to acquire the EKG data; additionally, similar limitations exist with this use of the technology compared other commercially available EKG acquisition devices since it is essentially using the same equipment
This limitation was clarified in the Discussion section on page 6, second paragraph.

authors can further elaborate on the limitations to the use of this technology and the number of steps that may be required in allowing this device to create actionable data
This limitation was clarified in the Discussion section on page 6, second paragraph.

authors can go further in describing more far reaching uses and aspirational uses of wearable devices in the detection and treatment of disease
A paragraph was added in the Discussion section on page 7, last paragraph.

Minor Concerns:

typo on line 322 (trial and trail)

We apologize this typo. It was corrected to “trial”.

Response to Reviewer #2

Manuscript Summary:
In this manuscript the authors suggest a method of using a common smartphone device with an ability to record a single Lead I ECG tracing to record a 3 Einthoven leads ECG. Quality and accuracy of the recordings are presented and are asses by mean of a blinded assignment of each lead to it's corresponding lead on a standard 12 lead ECG.

Major Concerns:
Line 189: Please provide measures of agreement between cardiologists on the assignment of ECGs, and measures of agreement between individual cardiologist to the actual assignment (using a weighed kappa or an Intraclass correlation coefficient as appropriate).

Measures of agreement were added in the Representative Results section on page 4, lines 206 and 207.

Line 194: Was there any correlation between Tracings quality and malasiinment of ECG by the cardiologists?
We did not observe this correlation,this was added in the Representative Results section on page 4 lines 210 and 211.

Table 1: As there is no statistical methods paragraph , how were p values calculated? Consider adding a statistical paragraph to the methods.
A statistical paragraph was added on page 4 line 184 to 190.

General remark: As the main advantage of a 3 lead ECG is identifying the abnormalities in rhythm that are difficult to recognize on a one lead recording, I believe that mere assignment of Smartwatch recorded ECG tracing to a normally rerecorded 12 ECG is not enough to show the utility of this novel approach. For this experiment I would suggest adding measurements that are defendant on identifying small waves on the ECG such as the PR, QRS an QT interval lengths and comparing them with measurements derived from "normal" ECG tracings. Also interesting will be to see if the above measurements are closer to the "real" measurements from the 12 lead ECG when using 3 leads tracings rather than a single lead I tracing.
We totally agree with this reviewer, we just performed a qualitative analysis of Einthoven lead recordings from healthy subjects by blinded cardiologists showing a high grade of correct allocation in limb leads. An easy quantitative analysis of R-amplitude by counting the millimetres of Amplitude in the single lead recordings and comparing this amplitude to the standard lead ECGs was used by the cardiologist for correct allocation. The standard ECG recording speed in Germany for 12-channel-ECG is 50mm/s and the Apple Watch recording speed is 25mm/s, thus easy quantitative analysis comparing durations of QRS-complex, T-wave, etc., is not feasible. Also, the Apple Health App offers actually no tools for automatically measurements of amplitudes and durations. Therefore our recorded data are not sufficient to answer these quantitative questions, a new study is warranted with 12-channel ECG recordings in a paper speed with 25mm/s for manually comparative measurements of these parameters.


Also, as you mentioned in the manuscript, the main use of a 3 lead ECG would be to better diagnose arrhythmias, hence I would add to the discussion part a suggestion for a future follow up study where one would asses the ability of the 3 lead ECG to identify arrhythmias in patients with known arrhythmias such as sinus arrhythmia, multiple APBS, atrial flutter and atrial fibrillation and comparing the diagnostic accuracy to a standard 12 lead and "regular" single lead I ECG.

This topic is now discussed on page 7 least paragraph.

Minor Concerns:
Line 51: Consider adding a reference to: Continuous heart rate monitoring for automatic detection of atrial fibrillation with novel bio-sensing technology. J Electrocardiol. 2019 Jan - Feb;52:23-27. doi: 10.1016/j.jelectrocard.2018.10.096.
This reference was added.

Lines 71-76: As the 3 Einthoven lead are not very sensitive to Acute MI/Ischemia I would focus less on ischemia detection and more on arrhythmia detection.
This limitation was clarified on page 1 line 76 to 78.

