To the Editor,
Dear editor,
Many thanks for your review and comments for my manuscript.
Regarding the " Editorial comments”:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
-- Spelling and grammar have been check. All modifications and improvements made in response to editor and reviewers’ comments are highlighted in yellow throughout the text.
2. Please provide an abstract between 150 -300 words. The current abstract is 348 words.
--The abstract has been shortened to 300 words.
3. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
--The words "we, you, and our" have been removed from the manuscript.
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials.
For example: Imeron 400 MCT, Excel, 3D Slicer, etc.
--All commercial language has been removed from the manuscript and put in the table of materials.
5. Please ensure that all text in the protocol section is written in the 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.” However, notes should be concise and used sparingly.
-- All text in the protocol section has been checked in the imperative tense followed by this instruction.
6. Please add more details to your protocol steps. 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. Step 1.1.2, 1.1.3: How was proper tranquilization and anesthetization confirmed?
Step 1.2.1: How was the sheep secured in the prone position? How was scanning and contrast infusion done? Please provide all associated steps.
Step 3: How was the cardiac CT data acquired? Please provide in brief.
Step 3.2: Is Funkion a company name? if yes, please remove it from the text.
--All steps have been revised with comprehensive information in the protocol. “Funkion EKG- Ao asc 0.75 126f 3 0- 100 % Matrix 256” is the name of 4D CT sequence, not a company name.
7. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
--Figure 1 has been added to show the user interface of the software, as well as comprehensive information in each step. 
8. Please include a one-line space between each protocol step and then 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.
-- A one-line gap has been added between each protocol step, and highlighted words have been altered to a more generic style in the document.
9. Please revise the Representative results to a paragraph instead of points. Ensure that the text explains 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 representative results were converted to paragraph format instead of points, and adheree to the technique described in the protocol.
10. As we are a methods journal, please ensure that the Discussion explicitly covers the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) The significance with respect to existing methods
--Discussion has been revised followed by instructions a, b, and c.
11. Please do not use the &-sign or the word “and” when listing authors in the references. Authors should be listed as last name author 1, initials author 1, last name author 2, initials author 2, etc. Title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.
-- All references have been changed into JoVE format according to the “Instructions for Authors”.
12. Please remove the titles and Figure Legends from the uploaded figures. The information provided in the Figure Legends after the Representative Results is sufficient.
-- Titles and figure legends have been removed from the uploaded figures and all figures have been reorganized.
13. Please consider including screenshots of the graphical user interface/software as supplemental figures to help readers understand and follow the important steps of the protocol.
-- Figure 1 has been added to show the user interface of the software, as well as comprehensive information in each step.
14. Figure 1: Please include a scale bar in all the images of panel B to make it more informative.
-- A scale bar has been added into the newly organized figure.
15. Do the animated figures ”4D-right heart deformation and 4D Total heart deformation” represent Figure 2, if so, please include a statement regarding the animated figures in the Figure 2 legend? Else, please include a separate title and description for them in the Figure Legends. The scale bars in the figures are not clearly visible.
-- All figures have been reorganized followed by this instruction.
16. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols. Please describe all abbreviations used in the figure in the figure legends.
-- All figures have been reorganized followed by this instruction.
17. Please ensure that the Table of Materials includes all the supplies (reagents, chemicals, instruments, equipment, software, etc.) used in the study. Please sort the table in alphabetical order.
-- The structure of Table of materials has been revised followed by this instruction.


Thanks for your comments and all the best.
Xiaolin Sun, on behalf of all authors in this manuscript.
Doctoral Candidate, Research Assistant 
KidCath♥Lab, Abteilung Pädiatrie m.S. Kardiologie
Deutsches Herzzentrum Berlin, Campus Virchow-Klinikum: Charité – Universitätsmedizin Berlin, Amrumer Strasse 32, Raum 305-308, 13353, Berlin, Germany
T:   +49 (0)30 4593 2875
M: xiaolin.sun@charite.de
W:  www.dhzb.de
     www.kidcathlab.com  
    www.grownvalve.de


To reviewer 1:
Dear reviewer,
Many thanks for your review and comments for my manuscript.
Regarding the "Major concern”:
The study only documents a single CTA in a sheep model with a normal pulmonary valve anatomy and although this is mentioned briefly in weaknesses, it needs to be stressed more in the introduction, discussion, and mentioned in the abstract. It is hard to translate this to an adult human patient with native outflow tract after transannular patch repair.
1. Due to the method was only illustrated using sheep J Pre-CT, this situation has been enhanced in the abstract, introduction, and discussion as suggested by viewer 1.
2. For the patients who have had transannular patch repair or TPVR, it is more difficult to reconstruct the anatomy as there are artefacts from the adhesion between the pericardium and myocardium, stent, and the deformed anatomy. It needs higher resolution CT data, well developed reconstruction software which should be certified by FDA, and abundant experience of CT analysis to translate this method for clinical use. But this method can be used for large animal trial as well as for the peri-operative evaluation for patients with Tetralogy of Fallot, isolated pulmonic stenosis who haven’t had any open-heart surgeries or interventional therapies.
[bookmark: OLE_LINK96][bookmark: OLE_LINK97]Regarding the "Minor concern”:
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85]1. The introduction needs to clarify the difference between patients requiring TPVR who have an RV-PA conduit versus patients with what we call the "native" pulmonary outflow which typically represents patients with trans annular patch repair of ToF or repair of valvar PS - this represents the largest population of patients needing TPVR and represents a very different anatomy than a surgically placed "RV-PA conduit".
-- The difference between RV-PA conduit and "native" RVOT with transannular patch repair has been clarified in the 1st paragraph of introduction. Surgical replacement of RVOT with xenograft or homograft is totally different from transannular patch repair with pericardium (autologous, bovine, or porcine).
2. Page 4 line 80 - The study referenced (reference number 7) was for TAVR and not TPVR - needs to be clarified.
-- The aim of citing Reference 7 is to expound the importance of CT measurements for valve sizing in transcatheter heart valve replacement in general and introduce the following text about CT for TPVR. Compared to TAVI, there is no big data of CT for TPVR valve sizing in multicenter clinical trial worldwide.
3. The sheep were under general anesthesia with PPV - would awake spontaneously breathing patients alter the anatomy?
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]-- The anesthesia was maintained with continuous infusion of propofol and ketamine, spared propofol was used in case that some sheep awaked during the CT scanning. We have performed plenty of CTs in sheep with large-scale heart rate from 70 to 140, the anatomical information from CT had little impact due to the ECG-gated protocol.
4. Please provide more info on how the CTA was performed, assuming this was gated - was it through the entire cycle - how much radiation dose will this be in humans compared to the typical gated studies currently performed for TPVR assessment.
--Detailed information of CT has been added into the protocol- from step 1.2.1 to step 1.2.4.
5. The evaluation for the Harmony valve utilizes superimposed valve structures within the model from the CTA to show what a "virtual" implant would look like - did the authors consider trying to do that with some of the valves that are currently available.
--Yes. We assume that we can use the Pre-CT + post-CT + self-designed stent CAD file + 3D heart valve CAD file to perform the structural analysis of the deployment of stent and 4D flow simulation of the stented heart valve implantation in pulmonary valve position. From the simulation, "virtual patients" would be good to evaluate the performance of autologous stented heart valve and could be parts of evidence to achieve clinical trial even the global medical market in the future.

Thanks for your comments and all the best.

Xiaolin Sun, on behalf of all authors in this manuscript.
Doctoral Candidate, Research Assistant 
KidCath♥Lab, Abteilung Pädiatrie m.S. Kardiologie
Deutsches Herzzentrum Berlin, Campus Virchow-Klinikum: Charité – Universitätsmedizin Berlin, Amrumer Strasse 32, Raum 305-308, 13353, Berlin, Germany
T:   +49 (0)30 4593 2875
M: xiaolin.sun@charite.de
W:  www.dhzb.de
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To reviewer 2:
Dear reviewer,
Many thanks for your review and comments for my manuscript.
Regarding the "Major concern”:
The study has been conducted on a single ovine model. Drawing conclusions applicable to human patients is, therefore, a big leap.
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]-- We have applied the method in this article for many CTs measurements from our previous animal trial, not only pulmonary artery but also aorta. We use this data for the iterations of our medical devices. 4D measurement data of pulmonary artery and aorta is available in the supplementary table. 
For the clinical application, especially for the patients who have had transannular patch repair or TPVR, it is more difficult to reconstruct the anatomy as there are artefacts from the adhesion between the pericardium and myocardium, stent, and the deformed anatomy. It needs higher resolution CT data, well developed reconstruction software which should be certified by FDA, and abundant experience of CT analysis to translate this method for clinical use. But this method can be used for large animal trial as well as for the peri-operative evaluation for patients with Tetralogy of Fallot, isolated pulmonic stenosis who haven’t had any open-heart surgeries or interventional therapies. We are full of confidence to achieve this with the revolutions of AI in medicine and medical devices.
Regarding the "Minor concern”:
It would be appropriate to explain the choice of valve size if between two different sizes and how this novel method is superior to the normal one is this case.
-- The data from the 5 planes in the 4D sequence and the 70 % cardiac cycle sequence were used for valve selection via step 9, where the diameter in the Sino-tubular junction plane is highly significant for valve sizing. To achieve excellent anchoring at the proper spot, the new stented heart valve should be 10% to 20% bigger than the parameters in the Sino-tubular junction plane for optimal valve size. In this study, the calculations from the 4D sequence and 70 % sequence predicted the same valve selection. The described method for the 4D straightened model can not only enable accurate and visual identification and calculation of all segments of the heart from the RVOT to PA as the MPR measurements from the end-diastolic sequence, but also provided ideal virtual reality which helped not only cardiologists to obtain a precise pre-interventional evaluation, but also cardiac engineers to innovate novel TPVR devices for future applications. 
It would be useful to explain more in detail the CT acquisition details and better define the terms '3D CT' and '4D CT'.
-- Detailed information of CT has been added into the protocol- from step 1.2.1 to step 1.2.4, as well as the definitions of "3D CT" and "4D CT".
--"carried out" has been eliminated in Line 56.
-- Lines 83-86 has been rephrased as "Quantitative analysis has enormous potential to enable objective and correct interpretation of clinical imaging and to verify that patients are free of stent fracture and paravalvular leak, which can enhance patient-specific therapy and treatment response evaluation".
-- "succus gastricus evacuation" has been substituted with "gastric fluid aspiration" in Line 119 as the reviewer's suggestion.
-- "...a layer thickness " has been substituted with " slice thickness " in Line 126 as the reviewer's suggestion.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]--Due to the instructions for authors, JoVE cannot publish manuscripts containing commercial language. All "3D Slicer" s in the manuscript have been substituted with "3D reconstruction software", furthermore the 3D Slicer information was put in the "Table of materials".
-- "these tiny coronaries " has been substituted with " tiny piece of these coronaries" in Line 192 as the reviewer's suggestion.
-- The GraphPad Prism manufacturer has been added in the "Table of materials".
-- "intuitionistic" has been substituted with "intuitive" in Line 370 as the reviewer's suggestion.
-- "methods" has been substituted with "method" in Line 372 as the reviewer's suggestion.
-- The sentence between Line 372- 376 has been rephrased as the reviewer's suggestion.
-- Because the 4D model is equally accurate and efficient as the 3D model from the results, the sentence has been rewritten to correct the erroneous term.
-- Figures have been reorganized and detailed information of Figure 2B (previous Figure 1B) has been added in the “Figure and Table Legends” in the manuscript. Xiaolin Sun, on behalf of all authors in this manuscript. 

Thanks for your comments and all the best.
Xiaolin Sun, on behalf of all authors in this manuscript.
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To Reviewer 3:
Dear reviewer,
Many thanks for your review and comments for my manuscript.
Regarding the "Major concern”:
1. It is not clear that measurements from a unfolded heart are more appropriate than measurements from a heart in its native state - one would assume that measurements should be made in as native a state as possible. Impact of this method is unclear since valve sizes estimated from these measurements are same as valve sizes estimated from the traditional measurement.
--This is the first study to illustrate a "patient-specific" measurement of the morphology and dynamic parameters of RVOT-PA with a straightened cardiac model generated from a 4D CT sequence, which can be applied to predict the optimal valve size for TPVR. This study provided a new methodology with a straightened model generated from the 4D cardiac CT sequence to obtain the desired measurements with ideal virtual reality for valve sizing in the application of TPVR in a sheep model. It will take a lot of effort and expertise to show that it is feasible for animal experiments. With developments in 3D reconstruction software, CT resolution, and CT segmentation experience, we are focusing on this issue and attempting to optimize measurements.
2. There is not enough information given on the CT protocol from the image acquisition perspective (and perhaps too much from the sheep perspective) -- in Step 1, info should be given re: ECG gating, coronal, sagittal, axial sequences needed, arterial-venous phase(s) needed, cine protocol needed, etc.
-- Detailed information of CT has been added into the protocol- from step 1.2.1 to step 1.2.4, as well as the definitions of "3D CT" and "4D CT".
3. It was extremely difficult to follow the steps like 'click on eyeball icon' since there are several eyeball icons in the GUI. A simple screen-capture video of mouse movements (even just for review phase while awaiting a production video) would have been extremely helpful.
-- User interface has been added in Figure 1. With Figure 1, it might be better to get practiced operation on 3D Slicer. The authors in this paper spent weeks to get familiar and skillful with the software and consulted many issues on the 3D Slicer forum.
4. It is not clear what the '11-image 4D sequence' is -- is one sagittal, one axial, and one coronal series for each of 11 timepoints in the ecg-gating? If so, please clarify.
-- Detailed information of 4D CT has been added into the protocol as a definition- from step 1.2.1 to step 1.2.4.
5. CTs can be manipulated in multi-planar reformats, so that one can make a measurement on the appropriate plane even if it is oblique to axial, coronal etc. Why isn't this enough?
--Imaging technique is improving quickly. Current methods of CT measurements for clinical use are accurate and efficient, but not flawless, especially for the patients with severe RVOT dysfunction. Compared with 3D imaging, the straightened 4D models not only predicted the accurate valve size as the MPR measurements from the end-diastolic 3D images, but also allowed for a more intuitive model to extract the desired information about the right heart. It would be promising for the doctors to get full information from the CT to make a patient-specific strategy.
Regarding the "Minor concern”:
Detailed names of CT sequences pertinent to the example CT (ie "EKG- Ao asc 0.75 126f 3 70 %: The 3D end-diastolic phase, and Funkion EKG- Ao asc 0.75 126f 3 0- 100 % Matrix 256") will be completely different series names for a different CT or different user, in the instructions these should be generalized.
--It has been clarified the names of the 3D sequence and 4D sequence in Protocol step 3.2 as the reviewer's suggestion.

Thanks for your comments and all the best.
Xiaolin Sun, on behalf of all authors in this manuscript.
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