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Dear Editors:

Thank you for the opportunity to resubmit our manuscript.  We appreciate your insightful comments and suggestions.  Below, please find a point-by-point response to the Editorial and reviewers’ comments. 


EDITORIAL COMMENTS

General:

E1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
We have carefully reviewed the manuscript for spelling and grammar issues.

E2. Please include email addresses for all authors in the manuscript itself. 
We have provided the email addresses for the co-authors.

E3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript (and figures) and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. For example: Guideliner, Surface Solutions Laboratories, Inc., SNS Farms, Abbott Laboratories, COPILOT 
We removed all trademarks and registered symbols.

Protocol:

E4. For each protocol step, 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. 
We have reviewed the protocol and addressed the “how” in each step. 

Specific Protocol steps:

E5. 1.1: How long to air-dry?
The heparin-coated implant was allowed to air dry for 24 hours. We have added the duration to the revised manuscript.

E6. 2. 3: Please mention how proper anesthesia is confirmed.
In the revised manuscript, we described that adequate anesthesia was ensured by checking for arousal, signs of distress, and wide fluctuation in vital signs.
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E7. 8.13: Please give the euthanasia method. 
In the revised manuscript, we clarified that euthanasia was achieved using sodium pentobarbital 100mg/kg IV. 

Representative Results:
E8. This is slightly confusing-were there 12 or 13 subjects? 
We apologize for the lack of clarity. There were 12 subjects.  However, in the initial version of the manuscript, deployment of the implant did not involve the use of the Guideliner. We have corrected the number of subjects to 11.

Figures:

E9. Figure 1: Please include a space between numbers and their corresponding units (e.g., ‘108 cm’).
Figure 1 has been edited in the revised manuscript.

E10. Figure 6: There is no legend for panel C. 
We have added a legend for panel C in Figure 6.

References:

E11. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al. 
We have made the modifications in the revised manuscript.

E12. Please do not abbreviate journal titles.
Journal titles are no longer abbreviated.

Table of Materials:
E13. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.


REVIEWERS' COMMENTS

REVIEWER #1

R1.1. What about implant design and preparation? Only reference is not a publication but an ISMRM abstract. Need a publication as reference to describe how the implant was designed and manufactured (material, design, adherence to the vessel wall, etc.). Could the authors provide implant design details in this manuscript? Without this description, manuscript seems to be incomplete since the implant is an integral part of the procedure. The interventional procedure tested appears to be tuned to the delivery of this particular implant that the authors prepared in their lab and published an abstract on. 
A separate manuscript focused on the implant design, manufacturing, and validation is currently under review. Extensive detail about the implant design and manufacturing is beyond the scope of the current manuscript, which focuses on the method of delivery for such a device. In the revised manuscript, we provided additional detail about the implant, but did not want to detract from the focus of the manuscript, which is on the method of delivery. The technique we describe is applicable to the delivery of a number of different investigative tools and as such was the focus of this paper.

R1.2. What about determination of coronary vessel diameter and accordingly the outer diameter of the implant? It seems that the implant simply plugs into the vessel, please clarify this. Vessels will have slight difference between proximal and distal diameters (tapering effect). Specify if and how this is taken into account when designing the implant. In this case length of implant will also matter. Line 297 in the Discussion says that the implant dimensions are limited by the size of the guiding catheter and GuideLiner. How does this translate to where in the vessel the implant can be placed? - which cannot be consistent across subjects as it would depend on vessel diameter and/or custom implant design. The abstract states that the implant can be placed anywhere along the vessel. Can the authors comment? 
Please refer to the response above for R1.1. The focus of our current manuscript is on the method of delivery. The technique we describe is applicable to the delivery of a number of different investigative tools and as such was the focus of this paper. We have a separate manuscript focused on the implant design, manufacturing, and validation currently under review. In the revised manuscript, we provided additional details about the implant in the context of varying vessel geometry and size. Briefly, we created a library of varying sizes and used angiographic data. The outer diameter of the implants was based on the coronary guide catheter. The inner diameter was based on the size of a deflated coronary angioplasty balloon. Coronary guide catheters and the Guideliner are available in several sizes and a larger size could be used if a more proximal segment is desired. Coronary CT imaging could also be performed prior to the intervention to create a more custom print to improve the fit of the implant.


R1.3. Considering all the above, one needs to know coronary vessel geometry and dimensions in order to design the implant in the first place so that implants can be deployed in specific locations along the vessel - for example beyond first diagonal or second diagonal of LAD. Were all implants of the same physical dimension across pigs? If so, then one would end up occluding at varying levels along the vessel (no control)? This is an important consideration since it will determine the ischemic risk zone, which often needs to be controlled. Please clarify.
Please refer to responses in R1.1-R1.2. We created a library of implants with different sizes and selected the appropriate size in the cath lab. Our specific targets in these swine were mid to distal LAD and distal the second diagonal branch. For even greater precision or pig-specific implants, we could perform a coronary CT, then print the implant, and deploy the implant using the same technique.
 
R1.4. Can the authors comment on the design of the inner diameter of the implant? This will determine the degree of flow past the implant to create ischemia of variable severity. Line 263 in the discussion mentions this but no details are provided as to designing such implants for catheter deployment. What was the inner diameter of the implants in all the animals and did the authors determine what flow reduction these would create? This has been described in the introduction section. 
Please refer to responses in R1.1. The inner diameter was based on the size of the deflated angioplasty balloon; the length of the implants was also varied to achieve the desired severity of ischemia. In the revised manuscript, we added clarification in the discussion. Because our paper is focused on the method of deployment, extensive detail about the implant design is available in another manuscript currently under review. In this early proof-of-concept work, we did not quantify the degree of flow reduction using invasive methods such as fractional flow reserve or instantaneous flow reserve. However, this is an area of ongoing evaluation in our lab. Angiographically all implants deployed created a moderate to severe stenosis which was determined visually based on two orthogonal views.

R1.5. What was the stress agent used during the MRI? Provide agent, dose, timing etc. 
[bookmark: _Hlk20728995]We used adenosine, 300 µg/kg/min, 4 min infusion. We clarified the stress agent in the methods section of the revised manuscript.

R1.6. Specify the contrast agent and the sequence (with parameters) used in the MRI exam. 
We provided the contrast agent and the pulse sequence parameters in the revised manuscript. 

R1.7. Line 211: Please provide protocol for animal euthanization. 
In the revised manuscript, we clarified the euthanasia protocol in the methods section.

R1.8. Line 218: At autopsy, the implant was retrieved in 11 of 12 animals. What happened to the implant in 1 remaining animal? 
In the very first swine and before implementation of our Guideliner technique, we could not find the implant anywhere along the length of the coronary vessel. This pig served as the control for subsequent experiments where with the Guideliner technique, we were able to retrieve all the implants. In the revised manuscript, we removed the first subject because it is not relevant to the technique described in our paper. With this in mind the implant was retrieved in all subjects who underwent the study with the GuideLiner catheter (11 of 11).

R1.9. Line 219: 10 of 12 animals completed the study. Please provide details of the 2 unsuccessful animals - how did they succumb, at what stage of the process (during intervention, MRI, stress?) did they succumb. Were any precautions possible to help their survival? 
We apologize for the lack of clarity. In the revised manuscript, we provided additional details regarding the deaths of the animals and commented on our anti-arrhythmic regimen.

R1.10. Line 268: In the discussion, the authors state that their method is less invasive and faster compared to existing techniques. However, there are other techniques that can offer minimally-invasive stenoses, the authors should acknowledge other methods described previously (two mentioned below). How does the proposed method compare with these in terms of advantages and disadvantages?
We thank you for this suggestion. However, our paper is focused on the deployment of such stenosis-inducing implants rather than the implants themselves. In a separate manuscript currently under review and which describes our implants in detail, we compared and contrasted our implants with other techniques that have been published. In the revised manuscript, we briefly touched upon alternative implant designs and focused on the technique of implant delivery. We compared our delivery technique with those used by other investigators.

R1.11a. Line 274: It is stated that the GuideLiner mother-and-child catheter helped fix the implant in place during balloon withdrawal. After the catheter is withdrawn and procedure completed, what is to prevent the implant from dislodging from its position (implant design, blood flow)? 
We apologize for the confusion and have clarified this point in the revised manuscript. The support provided by the Guideliner enabled the implant to be deeply deployed in the coronary artery and allowed for strong apposition to the vessel lumen and secure seating. As a result, the risk of retrograde migration after implantation was low.

R1.11b. Did the authors validate the positioning of the implant in the vessel during intervention with that actually found post-sacrifice? 
We used the diagonal branches and obtuse marginals as position markers.  When retrieved, in general, we did noted that they were where we expected them to be In one pig, there was slight migration distal to where we expected the implant to be. This may have been due to injection of intracoronary nitroglycerin for coronary vasospasm and resultant vasodilation leading to distal migration of the implant.

MINOR COMMENTS
R1.12. Line 45: Suggest rephrase to "We showed that reliable delivery of 3D printed coronary implants in swine models (N=12) of ischemic heart disease can be achieved…"
We made the modifications as suggested.

R1.13. Line 75: Sentence construction does not seem correct - "…inserted over a guidewire and through and extended beyond…". Consider rewording this part.
We made the revised the wording as suggested.

R1.14. Line 77: Should probably be - "The Guideliner or a similar catheter can be used as added 
support for the deployment…"

R1.15. Line 174: Should be "…advance the catheter TO the aortic root."
We made the modifications as suggested.

R1.16. Line 306: There should be a period after "…reserve (FFR) wire.".
We made the modifications as suggested.


REVIEWER #2

R2.1 Please describe how long you monitored the pigs under anesthesia after the 3D printed implant implantation. 
Roughly six hours. The length of the experiment. This has been included in the methods section. 

R2.2 Compare in a more detailed manner the advantages and disadvantages of this method compared to balloon occlusion and coil occlusion. 
We have included these comparisons in the discussion section. 

R2.3 Do you have any data about histopathologic analysis of ischemic heart tissue in this study? Please show the histopathologic results. 
In the revised manuscript, we provided histopathologic results, which show normal myocardial tissue and confirmed the absence of myocardial infarction. We aimed to create hypoperfusion and stress-induced ischemia, which would not result in injury of the myocardial tissue. 


