Dear editorial Board, dear Reviewers, 

We want to sincerely thank you for taking the time to thoroughly proofread and comment on our work and we appreciate your comments and suggestions, which we feel will substantially improve our manuscript. Please find enclosed our point by point response.

Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues., etc.
Response: Thank you for this opportunity, thorough proofreading has been done by all authors independently and all grammar and spelling issues found have been corrected.

2. Please provide email addresses of all the authors in the manuscript.
Response: Email addresses of all authors have been added to the manuscript. 

3. Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Response: The summary has entirely been rewritten according to your requirements. It now says:

“Here we present a step-by-step protocol for a semi-automated approach to analyse murine long-term ECG data for basic ECG parameters and common arrhythmias. Data is obtained by implantable telemetry transmitters in living and awake mice and analysed using Ponemah and its analysis modules ECG Pro and Data Insights from Data Science International (DSI).” 

4. Please remove the < >, and italicization from the command labels. Instead, just boldface the command labels.
Response: All command labels were adjusted as suggested. 

5. Include a single space between the quantity and its unit. E.g. “20 /min” instead of “20/min”
Response: single spaces were added between all quantities and units as required. 

6. Please ensure that the protocol is written in an imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note”. Also combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
Response: Thank you for this comment, we revised the entire protocol according to your suggestion, imperative tense was added wherever actions are described and new Notes were added when optional adjustments needed to be part of the protocol. Since these changes are multiple and throughout the entire text, please have a look into the track changes of the revised manuscript for a detailed view of what was changed. 

7. Avoid the use of personal pronouns in the protocol. E.g. “we”, “our”, etc.
Response: Personal pronouns were eradicated from the protocol, however remained within other parts of the manuscript when necessary as for example within the summary where specific use of personal pronouns was asked by the editors (see third editorial comment)

8. Please expand the Representative Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all the figures. Data from both successful and sub-optimal experiments can be included.
Response: We have put a lot of thinking into this section of the manuscript. Our aim is to give researchers a set of methods to analyse their own murine long-term ECG recordings in the context of their own research. The final readout does always require this set of methods, but the readout itself primarily depends on the researcher’s specific topic and experimental design and this incorporates uncountable parameters. That is, why we decided to keep this section rather short. But we do understand the disadvantages of this approach and therefore added a specific example of how we analysed some of our own data and which parameters we chose as final readouts. Find new results within Figure 6. The correspondent section of the manuscript now reads: 

“Recording long-term ECGs result in huge data sets. The options for further analyses are manifold and depend on the individual research project. Our protocol provides a description of some very basic readouts that can be used by the majority of researchers, especially for screening experiments, e.g. when characterizing a transgenic mouse line or when investigating the effects of a specific treatment in a disease model.
In one of our previous projects, we studied if a novel drug candidate has cardiotoxic effects by analyzing ECG parameters over time. We implanted telemetry transmitters 20 days before treatment and started ECG recordings 10 days before treatment to allow sufficient wound healing and acclimatisation of the mouse. Before treatment, we studied the ECG every three days, within the first week after treatment we studied the ECG every day and switched then to analyses every seven days until the end of recording three weeks after treatment. This approach allowed to detect periods of reduced heart rate, increased atrio-ventricular (PR interval) and ventricular (QRS duration) conduction, as well as altered repolarization (QTc interval) in mice treated with the new drug.
This first step served as a “screening” that allowed to identify time periods within the recording potentially containing arrhythmias. We had a more detailed look at the ECG and could observe sinus pauses causing reduced heart rate two days after treatment and various degrees of AV blocks causing reduced heart rate six days after treatment. The latter finding was further supported by the prolonged PR intervals at this time point.
To obtain these ECG parameters we suggest to analyse 20 QRS complexes per time point and may therefore not be able to detect paroxysmal arrhythmia episodes at other time points. To address this issue we suggest to specifically search for bradycardia and tachycardia episodes as well as for pauses using the ECG Pro module followed by manual review of detected episodes. This approach allows to find all relevant arrhythmias and to determine the specific type of arrhythmia within the whole recording. For example, we detected a tachycardia episode which turned out to be atrial fibrillation.
As we have previously demonstrated, this approach further allows to determine the time course of arrhythmia occurrence, e.g. the time to first AV block after macrophage depletion1.”


9. Please include a comparison of this method with other methods in use in the discussion.
Response: Thank you for this comment. The need to develop this approach aroused from the lack of established ways to deal with the massive amount of data generated by continuous ECG recording over three months in combination with the low signal quality and amplitudes of murine ECGs in living animals as well as the differences between murine and human ECG parameters in the context of cardiac arrhythmias. There are multiple workarounds used by researchers like using shorter recording periods to subsequently manually analyse the data for arrhythmias or just use simple readouts as heart rate variability analyses which only depend on reliably annotating the R wave with some analysis software. A new paragraph and two references2,3 have been added to the discussion to further embed our approach into the published methods:

“Analysis of basic ECG parameters such as heart rate, and duration of different intervals can up to date reliably be done using software such as Ponemah, LabChart or ECGAuto among many others with their respective analysis algorithms. Arrhythmia detection, however is way more delicate and there are no widely established approaches for murine long-term ECG analysis for arrhythmias. Different approaches have been used to overcome the technical and methodological difficulties coming along with arrhythmia detection of long-term ECG recordings in mice. These approaches range from only using short recordings to be able to manually analyse them for arrhythmias as for example done by Toib et al.2 up to simple considerations accepting inaccuracy as performed by Thireau et al.3 with their approach to heart rate variability analysis by simply excluding all sections of their recording with R-R intervals not contained in the range of the mean R-R interval ± 2 standard deviations to exclude all arrhythmias, ectopic beats and artefacts without any manual review. This is why we settled with our semi-manual approach using Ponemah and its consecutive analysis modules ECG Pro and Data Insights.”

10. Please include a single line space between successive steps, and highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
Response: single space lines have been added between individual steps and 3 essential pages of the protocol have been highlighted for the visualization.

11. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Full Source Title. Volume (Issue), FirstPage – LastPage (YEAR).]. Do not use “&” in the citations. 
Response: All references have been adjusted to your standards. We would like to emphasize that we initially used the Endnote template provided by JOVE and therefore suggest adjusting the template if it no longer meets JOVE’s citation requirements. 



Reviewers' comments:
Reviewer #1:
Manuscript Summary:
Dr. Philipp Tomsits et al. describe the analysis way of long-term ECG recordings to detect arrhythmias in mice with the software Ponemah with its analysis modules ECG Pro and Data Insights developed by Data Sciences International (DSI). The analysis is that after detection of heart rate, P wave duration, PR interval, QRS interval, or QT duration, automatic screening for individually defined arrhythmias within the recording is analyzed with Data Insights module. The content of the manuscript as a method is very fancy.

Major Concerns:
I do not have any major comments.

Minor Concerns:
JoVE is a method journal. Therefore, I do not suggest the novelty of the manuscript. However, if the manuscript has a little expansion of both protocol and analysis of the ECG data that is not written an official manual in the Ponemah with modules ECG Pro and Data Insights, it may be perfect.
Response: We thank the reviewer for her/his kind words and her/his suggestion. The amount of information provided by DSI is massive, but it failed to solve the problems we were facing when analysing our recordings for arrhythmias. This is why we developed the simplified manual approach described in this protocol. This approach is not part of the manuals provided by DSI and has to our best knowledge not been published before. But we do agree with you that expanding this section by suggesting specific readout parameters and how to obtain them does add to this manuscript and have therefore rewritten part of the result section and added a new figure (Figure 6).

“Recording long-term ECGs result in huge data sets. The options for further analyses are manifold and depend on the individual research project. Our protocol provides a description of some very basic readouts that can be used by the majority of researchers, especially for screening experiments, e.g. when characterizing a transgenic mouse line or when investigating the effects of a specific treatment in a disease model.
In one of our previous projects, we studied if a novel drug candidate has cardiotoxic effects by analyzing ECG parameters over time. We implanted telemetry transmitters 20 days before treatment and started ECG recordings 10 days before treatment to allow sufficient wound healing and acclimatisation of the mouse. Before treatment, we studied the ECG every three days, within the first week after treatment we studied the ECG every day and switched then to analyses every seven days until the end of recording three weeks after treatment. This approach allowed to detect periods of reduced heart rate, increased atrio-ventricular (PR interval) and ventricular (QRS duration) conduction, as well as altered repolarization (QTc interval) in mice treated with the new drug.
This first step served as a “screening” that allowed to identify time periods within the recording potentially containing arrhythmias. We had a more detailed look at the ECG and could observe sinus pauses causing reduced heart rate two days after treatment and various degrees of AV blocks causing reduced heart rate six days after treatment. The latter finding was further supported by the prolonged PR intervals at this time point.
To obtain these ECG parameters we suggest to analyze 20 QRS complexes per time point and may therefore not be able to detect paroxysmal arrhythmia episodes at other time points. To address this issue we suggest to specifically search for bradycardia and tachycardia episodes as well as for pauses using the ECG Pro module followed by manual review of detected episodes. This approach allows to find all relevant arrhythmias and to determine the specific type of arrhythmia within the whole recording. For example, we detected a tachycardia episode which turned out to be atrial fibrillation.
As we have previously demonstrated, this approach further allows to determine the time course of arrhythmia occurrence, e.g. the time to first AV block after macrophage depletion1.”



Reviewer #2:
Manuscript Summary:
In this manuscript, the authors describe a protocol for the analysis of mouse ECG telemetry data using the Ponemah and Data Insights software in order to assess cardiac arrhythmias. The paper provides detailed instructions on the use of the software interface, including guidelines on setting the relevant parameters for data analysis. Overall, the text is well-written and clear. Nevertheless, the scope of the manuscript seems quite limited, and several points outlined below require further elaboration and clarification.

Major Concerns:
A major shortcoming of the protocol is the strict limitation to the Ponemah and Data Insights software, rendering it useful only for researchers using the Data Sciences International (DSI) telemetry setup. Even though this is likely the most widely used hardware/software combination, other solutions are available which might become more widespread in the future, potentially reducing the relevance of this protocol. In addition, any major update of the DSI software might also alter the user interface and severely diminish the usefulness of this protocol. An alternative would have been to develop a set of custom algorithms to analyze the raw data extracted from the ECG recordings, which will also provide more insight into the actual data filtering and analysis operations performed during the procedure, which is now mostly operating on a "black box" principle.
Response: Thank you for this comment. We do agree, it is a shortcoming to provide a protocol only for a specific software platform. Therefore, we present more a concept of telemetry data analysis by a practical approach combining semi-automated “screening” followed by manual review.  Since the DSI telemetry setup is by far the most widely used setup, we demonstrated our concept by using DSI’s Ponemah software. However, our practical method can also be applied to other software such as AD Instrument’s LabChart requiring just some slight modifications. Therefore, the scope and focus of this article is more to provide a concept for arrhythmia detection in murine long-term ECG recordings rather than providing a step by step software manual for a specific Ponemah version. In order to demonstrate our suggested conceptual approach, a step by step explanation nevertheless seemed like the most feasible way and was therefore used within this protocol. We hope that our article motivates other researchers to adapt the concept and apply it to other software solutions.

I was also missing a section in the protocol providing some advice on the ideal conditions for data collection. As appropriately highlighted in the discussion, the mouse ECG can be influenced by many factors including genetics as well as environmental factors. It would be interesting to at least provide some recommendations for researchers on how to design ideal experimental conditions in order to maximize data quality.
Response: We do agree with the reviewer, a section on ideal experimental conditions significantly adds to the manuscript and was therefore enclosed to the discussion:

“To obtain a clean ECG signal upon recording, transmitter implantation needs to be optimal, meaning the lead positions should be as far apart as possible to allow higher signal amplitudes. The interested reader may be referred to a protocol by McCauley et al4 for more information. Further, to minimize noise, cages and transmitters have to be placed in a silent environment not prone to any disturbance, such as a ventilated cabinet with controlled environmental factors as temperature, light and humidity. During the experimental period, lead positioning has to be checked regularly to avoid loss of signal due to lead perforation or wound healing issues.”

Important technical considerations regarding sampling frequency and data filtering are also missing from the manuscript. While possible issues with noisy data are briefly mentioned, the authors fail to mention how to treat recordings affected by noise due to movement of the mouse.
Response: Thank you for this comment. Noise due to movement cannot be fully prevented in living mice. For the analysis of the baseline ECG parameters, we thus suggest to pick ECG tracings at a certain time of the day, e.g. 12 am to 1 pm and analyse a section with good signal quality within that time period. Sampling frequency – as far as we know – cannot be changed for ECG recordings upon acquisition and the default sampling frequency leads to a high enough time resolution to sufficiently analyse mouse ECG data, even episodes with fast and short arrhythmias. 

It is also not clear what the final output of the proposed analysis method will be. Can any quantitative outputs regarding the amount and type of arrhythmias be extracted from the data in order to compare the characteristics of different experimental groups?
Response: We thank the reviewer for this comment. The output of our analysis method is detection of arrhythmia within the respective recording, the way to present these findings depends on the specific aim of the researcher and can range from simple outcomes as e.g. atrial fibrillation is present yes/no, to arrhythmia burden, number of episodes, mean duration of episodes and so on. Because the spectrum of final readouts is so divers and depends on the individual researcher’s experimental design, we did not specify this section further previously. But we do see, that a representative example of a long term recording analysed as described within this manuscript might enlarge comprehensibility and therefore added an example of possible readouts using this approach to the results section:

“Recording long-term ECGs result in huge data sets. The options for further analyses are manifold and depend on the individual research project. Our protocol provides a description of some very basic readouts that can be used by the majority of researchers, especially for screening experiments, e.g. when characterizing a transgenic mouse line or when investigating the effects of a specific treatment in a disease model.
In one of our previous projects, we studied if a novel drug candidate has cardiotoxic effects by analyzing ECG parameters over time. We implanted telemetry transmitters 20 days before treatment and started ECG recordings 10 days before treatment to allow sufficient wound healing and acclimatisation of the mouse. Before treatment, we studied the ECG every three days, within the first week after treatment we studied the ECG every day and switched then to analyses every seven days until the end of recording three weeks after treatment. This approach allowed to detect periods of reduced heart rate, increased atrio-ventricular (PR interval) and ventricular (QRS duration) conduction, as well as altered repolarization (QTc interval) in mice treated with the new drug.
This first step served as a “screening” that allowed to identify time periods within the recording potentially containing arrhythmias. We had a more detailed look at the ECG and could observe sinus pauses causing reduced heart rate two days after treatment and various degrees of AV blocks causing reduced heart rate six days after treatment. The latter finding was further supported by the prolonged PR intervals at this time point.
To obtain these ECG parameters we suggest to analyse 20 QRS complexes per time point and may therefore not be able to detect paroxysmal arrhythmia episodes at other time points. To address this issue we suggest to specifically search for bradycardia and tachycardia episodes as well as for pauses using the ECG Pro module followed by manual review of detected episodes. This approach allows to find all relevant arrhythmias and to determine the specific type of arrhythmia within the whole recording. For example, we detected a tachycardia episode which turned out to be atrial fibrillation.
As we have previously demonstrated, this approach further allows to determine the time course of arrhythmia occurrence, e.g. the time to first AV block after macrophage depletion1.”
 

Considering the requirement for manual data review, what is the length of recordings that can be realistically analyzed using the described methods: is it suitable only for short-term (hours) measurements or are long-term follow-ups (days, weeks) also feasible? It would be important to comment on this aspect, since one of the major strengths of the telemetry approach is that mice can be followed up for long time periods. 
Response: We thank the reviewer for this comment, we failed to emphasize this important point. The major strength of the telemetry approach indeed is the follow up over longer periods of time. We do use this approach in our experiments to analyse data obtained from telemetry recordings lasting an entire battery life of the transmitter. This equals to a time period of approximately three months. We have added clarification to the introduction: 

“This article describes a step-by-step approach to obtain these baseline ECG data from long-term telemetry recordings obtained from awake mice over a recording period of up to three months.”

Finally, it is also regrettable that no extra attention is given to other analysis modalities which will be very relevant to the ECG data, such as e.g. heart rate variability analysis.
Response: We thank the reviewer for pointing towards this issue. We agree with the reviewer that other measurements such as HRV are important for many researchers, but there are many other important readouts as well and it is impossible to address all of them in one manuscript. Thus, we decided to focus on the very basic long-term ECG analysis including assessment of basic ECG parameters and most common arrhythmia types since probably most researchers will need these analyses. With our practical approach, researchers will become familiar with such ECG data and will be able to start an initial analysis of their own data. Based on that, researchers will quickly become experienced enough to adjust our protocol to their individual needs and to add new analyses.


Minor Concerns:
- In Point 1.3.5 the authors mention that the maximum data size that can be analyzed by the Ponemah software is 3 GB. To what length in time of recording (at a suitable sampling frequency rate) does this correspond?
Response: Thank you for the question. The maximum amount of data which can be reviewed at one go corresponds to 3 GB. The 3 GB data usually corresponds to a continuous 24 hour recording of 3-4 days. However, the number of days of data equivalent to 3 GB can vary, for example if animals are removed from the transmitter platform for further experiments.

- Point 1.6.1.1: will these values be the same for the entire recording of the same mouse, or within one experiment where multiple mice are compared? Or does it need to be adjusted to the specific conditions within each recorded fragment?
Response: Thank you for this comment, we have added clarification to the protocol in section 1.6.1.1.: 

“NOTE:  The attribute values help to identify QRS complexes and to distinguish between clear cycles and noise events. Ideally, these values are kept the same between all recordings from one project to allow comparability over different animals per project. However, in reality, this is not always possible and slight chances in attribute values have to be done. If necessary, we suggest keeping these changes as minimal as possible. After establishing optimal values, the attribute settings have to be maintained for the entire recording.”

- Points 1.6.1.3-4: will these settings not lead to unwanted filtering out of arrhythmic events?
Response: We thank the reviewer for this comment. Indeed, there is some risk for undersensing if the lower and/or upper heart rate limit is set too narrow. On the other hand, oversensing is also a relevant challenge when analysing these data which requires some balance. If a recording is somewhat noisy, a broader range of heart rate will result in extreme oversensing which will make any analysis impossible (in such cases we discovered several thousand episodes per 24 hours which were detected as “arrhythmias”, i.e. a manual review of all these episodes is no longer feasible). Thus, we added a note to the paragraph emphasizing this issue:
“NOTE: Heart rate limits have to be adjusted for each recording individually depending on the signal amplitude and the degree of noise. Researchers have to be aware that a wide range of heart rate may result in failure to detect arrhythmias, a narrow range of heart rate, however, may result in extreme oversensing (e.g. thousands of episodes identified as “tachycardia” which do no longer allow a meaningful analysis).”
[bookmark: _GoBack]
- Point 3.1: how many QRS complexes need to be marked as templates for reliable data analysis?
Response: There is no fixed number of QRS marks. It depends on percentage similarity achieved by marking a QRS as a template. Explanation has been added in the manuscript section 3:

“The number of QRS complexes needed to be marked depends uponon the variability of the QRS-amplitudes of the QRS complex within the recordingin ECG signal recorded. In certain cases , selecting and marking one QRS complex may give a similarity of  80 percent similarity with the rest of ECGrespective recording, marking the majority of QRS cycles. However, this is an ideal case and  often during analysis, the number of QRS complexes that need to be marked as templates depends on percentage similarity achievedis usually higher. In any case, this has to be done until at least a match of 80 percent or higher is achieved.”

- Point 4.3: "724" seems like a very arbitrary upper HR limit.
Response: We do agree with the reviewer, this arbitrary limit is a direct citation of a work by Boukens et al.5 and reflects the lack of a general “norm” for mouse ECG parameters. 

- Point 4.5.4: 500 ms seems like a high threshold to define a pause in the ECG which needs to be examined for a potential arrhythmic event. Blocked P-waves or episodes of sinus arrest can lead to RR-intervals shorter than 500 ms.
Response: Thank you for this comment, we do agree 500 ms is too long and this was a mistake, we use 300 ms as cut off for relevant pauses as elaborated in the discussion, the number was corrected. 



Reviewer #3:
Manuscript Summary:
In this manuscript the authors address the issues of analyzing long-term telemetry data using the commercially available Ponemah software (DSI) which allows for semi-automated analysis. They provide a step-by-step guide as to how to use this software to analyse ECG recordings taken from conscious mice.

Major Concerns:
I do not have any major concerns with the manuscript but I do have a few recommendations/queries as listed below:

Minor Concerns:
1. For those who have not used or don't have Ponemah yet, it may be useful to list any technical requirements, for example, is it Mac compatible, system requirements (versions of windows etc).
Response: We do agree and have added this information to the introduction.

“This version is compatible with both Windows 7 (SP1, 64 bit), and Windows 10 (64 bit).”

2. In addition, most established researchers carrying out telemetry measurements are probably still using Dataquest ART to acquire data without the resources to upgrade to the latest acquisition system. From my experience with data acquired with Dataquest and analysed with an older version of Ponemah (v4 I think), the data files needed to be converted to Ponemah files before one could analyse them. Is this still the case with the newer version of Ponemah or are Dataquest files now automatically loaded?
Response: Thank you for this comment. Yes, older data can – as we briefly mention in section 1.2.1.2 – be converted and opened within this Ponemah version, inconveniently enough this cannot be done without conversion.  

3. Is there a limit to the number of figures allowed in JOVE? The reason I ask is for those unfamiliar with the interface it would be useful to have images of all the tabs in the attributes section. You have described these tabs and the parameters within but a visual aid would be useful.
Response: Thank you for this comment, as we do not think that there is a limit to the figures, we feel that the video will provide guidance for those not familiar with the software’s interface and think that more figures will not significantly add to the manuscript but rather diminish readability. 

4. Section 1.2 is a little confusing in that 1.2.1 and 1.2.2 are the same except for the opening paragraph in each (whether Ponemah is opened for the 1st time or not)- could this be reworded or written so it isn't repetitive.
Response: Thank you for this comment, we do agree and have rewritten the paragraph: 

1.1. Load the experiment containing the ECG of interest 
1.1.1. If Ponemah is started for the first time, the Ponemah Get Started dialog openes offering three options: 1) Create Experiment, 2) Load Experiment, 3) Import Experiment
1.1.1.1. Select Load Experiment to open a file. The Browse for Folder dialog opens and the experiment file with the extension (“.PnmExp”) can be selected and loaded by clicking Open.
1.1.1.2. To open data set recorded in Ponemah 5.x or Dataquest ART, use the Import Experiment function.
NOTE: If the software is reopened, the last experiment is loaded automatically within the main window for further review. In the menu under Experiment the same three options as in the Ponemah Get Started dialog are offered: 1) Create Experiment, 2) Open Experiment, 3) Import Experiment

5. 1.3.3.2: Can you add parser segments at this stage or when can you do this?
Response: Parser segments can be added anytime to a recording.

6. 1.3.5: How long a recording constitutes 3GB? Also how long does the analysis take per mouse recording?
Response: Thank you for the question. The maximum amount of data which can be reviewed at one go corresponds to 3 GB. The 3 GB data usually corresponds to a continuous 24 hour recording of 3-4 days. However, the number of days of data equivalent to 3 GB can vary, for example if animals are removed from the transmitter platform for further experiments. The amount of time taken by analysis depends the individual aim as well as on the respective researcher’s experience and can therefore not be estimated reliably. The provided practical approach however enables the researcher to be in control of the number of time points in need of manual review – which mainly determines the amount of time taken – by varying the respective search parameters as described in this protocol. An individual approach in the context of the specific research question has to be established, leading to a positive balance between labour and in depth analysis. Another important determinant that has to be considered is the amount of time needed for the software to safe changes made to the data file. This can take up to multiple hours, depending on the hardware used. Analysis of the baseline ECG parameters is quick and will only take approximately half an hour. Arrhythmia detection, however, is more delicate. Just to give an impression, we usually take around 2 to 3 hours, depending on the burden of arrhythmia within the dataset to analyse a 24 hour recording + plus the time for saving changes.

7. 1.6.3: I think this section is important and should be possibly more comprehensive.
Response: We thank the reviewer for mentioning this aspect. The term “Advanced Attributes tab” is a bit misleading since this is rather a “Additional Attributes tab”. Here, you can adjust the J point important to determine ST segments, which, however, is not relevant for arrhythmia research. You can also set correction factors for QT measurement which we did not want to specifically mention since there is an ongoing debate among EP researchers if QT measurement in mice is useful or not. Also, you can define arrhythmic QRS complexes by the height of the R wave. This is highly dependent on the signal amplitude and – to our experience – this does not reliably allow to detect premature complexes. Finally, you can adjust the filter settings here. In our experience, we did not have to change any of these settings so far and thus we added a note:

“NOTE: We suggest to use the default settings predefined within this tab. If the signal is affected e.g. by electromagnetic interference, the filter settings can be adjusted here and may help to improve signal quality. Definition of “arrhythmic QRS complexes” does not improve the accuracy to detect premature ventricular capture beats over the method we suggest here (each PVC will also result in a pause and is therefore detected by our approach). The other settings are only relevant to very specific research questions and are therefore not described in detail here.”

8. I hope for the published version the graphics are better than what I am seeing, as the resolution is not great, at least on screen.
Response: Thank you for this comment. The low resolution you are facing may result from the conversion into one merged pdf file at submission. Since all our graphics meet the JOVE submission requirements we are confident that the resolution will be sufficient in the final article.

9. The output from the analysis are graphs and tables (numerical). Can the tables be saved as txt files or excel files for further analysis? I do not think this is mentioned anywhere.
Response: It is possible to save all result tables in excel/ASCII output format. We have added this in form of a NOTE at the end of the protocol. 

“NOTE: all result tables can be saved and exported in excel/ASCII output format for further statistical analysis.”

10. Finally, does the information in this manuscript merely replicate what is in the Ponemah handbook/manual or does it add to it and make it clearer?
Response: We thank the reviewer for this comment. Our main goal is to provide a pragmatic approach to perform an initial analysis of large data sets of murine long-term ECG recordings by focussing on only the most important readouts: basic ECG parameters and most important arrhythmia features (tachycardia, bradycardia, pauses). It is true thatsome of the general information on how to use Ponemah can be found within the manufacturer’s manual. However, we have added this information in a way to generate a step by step protocol that can be easily followed without additional reading of the manufacturer’s manual which is a very general manual describing every single feature of the software (e.g. also other transmitter signals) rather than focussing on arrhythmia research. 
Thus, we think that our protocol does add a significant value over the pure manual and provides a more practical and clinically oriented approach to analyse long-term ECG data - which is very distinct from what DSI suggests - and will therefore be very helpful for a lot of researchers facing similar challenges with this software as we did.

11. Unless I am mistaken, figures 5E and 5F look like they are the same. I am assuming this is an oversight and not because the software cannot distinguish between 2nd degree AV block (type 2 Mobitz) and 3rd degree AV block. This needs to be addressed. Also within figure 5, the graphic for 1st degree block does not really fit the classical description. Maybe annotating with P-R intervals would be helpful.
Response: We thank the reviewer for this comment, you are absolutely correct, 5E and 5F are the same and we have overseen this upon initial submission, further what was 5D was supposed to be 5E and 5D was missing. These mistakes were corrected for resubmission. We further thought about annotating the PR intervals within the recordings, but to avoid overloading and keep good visibility we decided against it. Please find the new figure within resubmitted manuscript.

12. This is just a suggestion: would it be useful to compile a flow chart of the process from data acquisition to analysis in Ponemah?
Response: We thank the reviewer for this suggestion and after careful consideration decided to add a new Figure 7 (see manuscript). 

13. The discussion and Introduction should mention how Ponemah compares to other commercially available software such as LabChart, for example.
Response: Again, thank you for this comment. The scope and aim of this article is not to compare commercially available software solutions and their analysis modules but rather to provide a pragmatic approach on how to deal with the large datasets resulting from three month long murine ECG recordings and consecutive search for arrhythmias within these data sets. Since Ponemah is the platform we use and since Ponemah is advertised as a high quality and simple to use software for this, this article focusses on this software. Nevertheless, we agree that at least mentioning other software and remarking some of the differences and similarities can be helpful and therefore added a paragraph to the discussion.

“Analysis of basic ECG parameters such as heart rate, and duration of different intervals can up to date reliably be done using software such as Ponemah, LabChart or ECGAuto among many others with their respective analysis algorithms. Arrhythmia detection however is way more delicate and there are no widely established approaches for murine long-term ECG analysis for arrhythmias. Different approaches have been used to overcome the technical and methodological difficulties coming along with arrhythmia detection of long-term ECG recordings in mice. These approaches range from only using short recordings to be able to manually analyse them for arrhythmias as for example done by Toib et al.2  up to simple considerations accepting inaccuracy as performed by Thireau et al.3 with their approach to heart rate variability analysis by simply excluding all sections of their recording with R-R intervals not contained in the range of the mean R-R interval ± 2 standard deviations to exclude all arrhythmias, ectopic beats and artefacts without any manual review. This is why we settled with our semi-manual approach using Ponemah and its consecutive analysis modules ECG Pro and Data Insights.”
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