December 13th, 2019
Editor in Chief, Jove-Journal of Visualized Experiments
1 Alewife Center, Suite 200
Cambridge, MA 02140

Dear Editor,
We are submitting the revised version of our manuscript entitled “High-frequency ultrasound echocardiography to assess zebrafish cardiac function”. We have now addressed all the issues raised by the editor and reviewers. All the modifications in the main manuscript are underlined and all the filmable steps were highlighted as requested. All the figures (except Figure 1) were modified and a new figure (Figure 4) was added to address reviewers’ concerns. All figures were converted to vector image file (psd) to ensure high resolution and tables were upload as .xlsx files.
We greatly thank you for considering our manuscript and we hope the manuscript is now suitable for publication.
Sincerely,

Isabel Morgado, PhD
Instructor of Medicine
Stanford University School of Medicine
1651 Page Mill Road
Stanford, CA 94304









[bookmark: _GoBack]Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
R: The authors read the final revised manuscript for proofreading and corrected any spelling or grammar issues encountered

2. Please include email addresses for all authors in the manuscript itself.
R: The email address of all authors has been added 

3. Please include at least 6 key words or phrases.
R: There are now 7 keywords /phrases

Protocol:
1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headers 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.
R: The steps for the video have been highlighted in the protocol as indicated

2. For each protocol step/substep, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.
R: The protocol has been revised to address this points

Figures:
1. Please cite Figure 5 outside of the Figure legend section.
R: The figures have been re-organized. Figure 5 is now figure 3 and it is cited in the text
2. Please include a legend for Table 1.
R: A legend for Table 1 has been added

References:
1. Please do not abbreviate journal titles.
R: The journal titles that were abbreviated have now been corrected to full length  

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol. 
Re: We have added to the Table missing materials (scissors or scalpel and plastic spoon) and equipment used and respective company/catalogue number for the scientific equipment/material (see Table 2)




Reviewers' comments:
Reviewer #1:

Manuscript Summary:
This is a very good topic that is suitable for JOVE. I believe a lot of researchers will benefit from such a protocol. Even though, there are multiple research papers that have utilized echocardiography on zebrafish, most of these lacks providing sufficient details that would enable other researchers to adapt the approach. The protocol gives general steps. However, it would be better, if the authors prepare a better detailed protocol that would give more details about image acquisition and image analysis. Also, I think the authors should prepare the protocol suitable for all echo platforms and then explain the utilization based on visualsonics platform.

R: More details on image acquisition have now been added on sections 3.1. We appreciate the suggestion of the reviewer regarding a protocol suitable for all echo platforms. However, we believe this would be very difficult because most of the existent alternative echo platforms do not use high-frequency ultrasound, which is a very important feature of the method we are presenting. Therefore, presenting a general protocol for all platforms would not be feasible within the context and goals of the manuscript. 
Major Concerns:

I believe, once the authors provide more details for below points, the manuscript will be strengthened significantly

- At the beginning of the manuscript, authors should state they are using Visualsonics 3100 platform to prevent confusion. At line 114,they state the transducer without brand information.
R: We have added a paragraph at the beginning of the section “Protocol” stating that we are using VisualSonics 3100 platform. The brand of the transducer has also been added accordingly.

- Authors mention about image acquisition underwater. This is confusing. Is the fish submerged underwater completely? In that case how is the ultrasound beam coupled with the fish body. I would expect ultrasound would dissipate in water and would not reach to body in that case. A schematic would help to explain that.
R: The ultrasound beam will reach the fish body as long as kept in close proximity. This has now been explained in the introduction and in the Methods section 2.3. The water around the fish establishes the contact between the ultrasound probe and the fish via liquid surface tension and transmission of the ultrasound signal. The following sentence has been added: “Since ultrasound waves can easily travel through water, keeping close proximity between the fish and the scanning probe underwater provides enough contact surface for heart detection with no need for ultrasound gel and it is overall less stressful for the fish.”

- Orientations of the probe with respect to fish body is important for AV and OFT valve measurements, for alignment with blood flow. I suggest the authors look at a recent relevant paper for this (doi: 10.3389/fbioe.2019.00096). If they can show orientations of the probe with the body and for such orientations what are seen on b-mode screen, that would be very helpful.
R: We thank the reviewer for pointing out the above paper; however, the therein described system is different to the one we use as in it utilizes a single element probe. In this case, aligning the probe with the blood flow is necessary. We here describe a platform that employs 265 elements to capture flow and therefore, the position of the probe does not need to be changed during acquisition.

- For image acquisition section, authors mention things specific to the setup, without explaining what they really mean. I think it should be reverse. They should explain what these mean and then tell how these are managed in that system. For example, in line 164 they mention "Setting the dynamic range to 45 - 50 dB will notably increase the contrast of the image and result in better image acquisition". Instead, it should be something like this: "The contrast should be enhanced for better image acqusition. In this system, it can be managed by Setting the dynamic range to 45 - 50 dB". Same for aligning the ultrasound with the flow.
R: We thank the reviewer for the useful suggestion. We have now rephrased several notes on sections 3.1.3, 3.2.2, 3.2.3. and 3.2.5 accordingly 
- Why is Figure 4 is mentioned before Figure 3 in the text
R: Thank you for pointing out this mistake. The figures have been re-organized for clarity and they are mentioned in the text following a logical sequence 
- I know it is difficult to present still b-mode ultrasound images. However, Figure 4 can be improved with small schematic drawings to accompany the images, to show chambers  
R: Figure 4 (now Figure 5) includes now a panel C with a schematic to illustrate the heart chambers detected in b-mode 
- There is no Figure 4 C and D, as stated in the figure legend. It should be Figure 5 C and D (reply)
R: The figures have been re-organized for clarity and this mistake has been corrected
- Again, color doppler flow images in Figure 5 A and B, is hard to follow. Schematics would help 
R: Figure 5 is now Figure 3 and a schematic to illustrate the heart chambers has been added 
- Figure 5 is not referred in the text.
R: The figures have been re-organized and all figures are now mentioned in the text

- Regarding the image analysis part, I believe few screenshots from the analysis window will be helpful.
R: We have now added Fig. 4 to illustrate the analysis window 

- Regarding Doppler snapshots of Figure 5C and D, It will be better if time scale at the bottom is seen which will give an idea about the heartbeat.
R: Figure 5 is now Figure 3 and it has been modified accordingly to show the time scale 

- Regarding figure 5C, I think this is not a good representative profile, since there is no E peak but only A peak present 
R: Figure 5 is now Figure 3. The E peak is usually very small and difficult to detect within the same scale as the A peak. We have now included an insert figure with modified scale showing the E peak

- Regarding Figure 5D, the flow on the snapshot is negative because of the orientation of the probe (velocity signal is getting away from the probe). This might be explained in the text. Also, it looks like there is an initial regurgitation for this one. Do the authors see this for all cases? This may also be interference with the inflow signal. This should be mentioned. Please see relevant references
R: The negative flow has been explained in the text on section 3.2.5 “ The inflow peaks will appear in the upper/positive quadrant (signal going towards the probe), while the outflow peaks in the lower/negative quadrant (signal going away from the probe)”. The signal of regurgitation is minor and considered neglectable.

- Table should be better prepared with border lines. Also, values for the outflow signal can be added. Some part of the table is in following page
R: The border lines have now been added as well as the outflow signal

- Does the visualsonic software enable to trace the flow profile and export to a software like excel for further analysis? If so, it will be very helpful to explain this in the text.
(export peak velocities) 
R: Exporting data to excel is possible and this has now been described in section 5.7.1: “NOTE: Data can be exported to an excel sheet. For that, after having traced the peaks, click on “report” > “export”> “save as” > excel.”

Minor Concerns:

- Some typos are present. Please make a through check. For example, in abstract line 31, it should be heart rate, not heart hate. We all love heart research :).
R: This typo and several other have been corrected as indicated throughout the manuscript 

Reviewer #2:

Manuscript Summary:
The authors describe to a great extent a protocol for ultrasound echocardiography of adult zebrafish. This is an interesting protocol and timely, since an increasing amount of adult models of zebrafish cardiovascular disease and regeneration are being published.

Major Concerns:

This a protocol describing a specific set up and a specific transducer model, although one of the most popular ones. They provide a detailed enough protocol for taking measurements but the most challenging aspect of this experiments is the analysis and quality control of the data obtained by the system, which they do not discuss enough.

For example they could suggest some milestones for proper measurements that should be established as wild-type values also when referring to discrepancies with previous publications in Table 1. (Should one standardize based on heart rate? or velocity values? of wild-type fish in order to compare with mutant lines). They could use pharmacological treatments or mutant lines to provide these data.
Re: A detailed description of critical steps and conditions to for quality control of the data have been added in the discussion (second paragraph). Discrepancies reported with previous publications are likely to result from the variability of the parameters used (e.g. fish age, sex, weigh, anesthesia, background strain, ultrasound system). Therefore, we chose to compare only with the studies that used a similar setup and specimen type as we present in our protocol. A previous study by our group (Mishra, S., et al 2019, Ref 6 on the manuscript) showing differences detected between wild types and a mutant line of light chain amyloidosis (using a light chain sequence associated with cardiomyopathy in humans) demonstrated the feasibility of the method and is cited on the manuscript. We used that and other publication (Wang, L. et al 2016 (Ref 16 on the manuscript) and references within) to provide some standardization rather than conducting a whole study for that here. In this manuscript it was not our goal to provide a standardization study but rather a detailed protocol to perform the method in a way that in our view is robust and reproducible. 

Also they should further discuss how much is the angle of measurement affecting the measurements and how this should be standardized
Re:  We have now rephrased the importance of using a pulse wave (PW) angle parallel to the flow in point 3.2.3: “Make sure the angle correct line is parallel to the blood flow in order to provide consistent and reproducible results. Placing the angle correct line so it matches the direction of blood flow will ensure that velocities are accurately captured.”
 
Minor Concerns:
Figure 5 is not discussed in the main text and Figure 4 and Figure 5 legends are too brief.
It is now very clearly shown in Figure 3 (or the figure legend) what is described in 5.3 (line 219-222)
Re: We apologize for the mistake. All figures are now discussed in the text. The legend of Figure 4 (now Figure 5) and Figure 5 (now Figure 3) have been edited to introduce more detail. The description of line 5.3 has now been improved by adding Figure 4 which illustrates the image analysis commands. 
