To: Vidhya Iyer, Ph.D.
Review Editor
JoVE
vidhya.iyer@jove.com
617.674.1888

Dear Vidhya Iyer,

Thank you for reviewing and commenting on our manuscript, JoVE62586 "Partial Heterotopic Hindlimb Transplantation Model in Rats" .

Please find below a point-by-point response.
The revised manuscript has been resubmitted.

Best regards, 
Alexandre G. Lellouch, M.D., M.Sc. PhD candidate
Attending, Plastic Surgeon at European Georges Pompidou Hospital  (AP-HP)
Co-investigator at Vascularized Composite Allotransplantation Laboratory 
Massachusetts General Hospital and Shriners Hospitals for Children 
External collaborator at CEA (French Alternative Energies and Atomic Energy Commission)
University Paris Est Creteil
University Grenoble Alpes
Harvard Medical School
Phone: (914) 548 1245 (USA)  / +33 6 98 37 27 78 (France)
Email: alellouch@mgh.harvard.edu
https://www.massgeneral.org/transplant/cts/research/vascularized-composite-allotransplantation-laboratory
____________________________________


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. Please define all abbreviations at first use.
The manuscript has been thoroughly proofread by all authors. Abbreviations have been specified at first use.

2. Please provide an email address for each author.
Email addresses have been added for all authors (page 1 lines 20-26).

3. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s), but before punctuation.
Reference numbers have been changed to a superscript format.

4. Being a video based journal, JoVE authors must be very specific when it comes to the humane treatment of animals. Regarding animal treatment in the protocol, please add the following information to the text:
a) What happened to the rats after the study? Please specify the euthanasia method without highlighting it.
Donor rats were euthanized by exsanguination after the limb harvest as per protocol (page 4 lines 129-130). Recipient rats were euthanized at the end of study using CO2 asphyxiation or exsanguination (page 9 lines 284-285).

b) Please specify that the animal is not left unattended until it has regained sufficient consciousness to maintain sternal recumbency.
The survival animals were monitored continuously by the operator until fully conscious and ambulatory. This precision has been added page 7 lines 184-185.

c) Please specify that the animal that has undergone surgery is not returned to the company of other animals until fully recovered.
The transplanted animals were singly housed during the time of study (page 7 lines 195-196).

5. Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
The text has been proofread by all authors to avoid the use of any personal pronouns.

6. 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. Please include all safety procedures and use of hoods, etc. Please follow this for the paragraph “Surgery” in the protocol.
The text has been proofread by all authors to make sure that the protocol section was written in the imperative tense.

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 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. 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.
Each protocol step has been verified to ensure a most detailed description of the protocol.

8. After including a one line space between each protocol step, highlight up to 3 pages of protocol text for inclusion in the protocol section of the video. This will clarify what needs to be filmed.
A one-line space has been added between each protocol step. The highlighted portion is what should appear on the video.

9. As we are a methods journal, please add limitations to the Discussion.
Limitations of our model have been further discussed in the discussion section (page 11 lines 322-326).

10. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source (italics). Volume (bold) (Issue), FirstPage–LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references and do not abbreviate journal names.
The format of the references has been adjusted as suggested.

11. In your supplementary table, if by “When there is doubt, there is no doubt…”, you mean that it is better to clarify everything before proceeding, consider rephrasing it to be clearer.
This part has been rewritten to improve comprehension (supplementary table).

12. Please sort the Materials Table alphabetically by the name of the material.

Materials in the Materials Table have been sorted alphabetically.

____________________________________
Reviewers' comments:

Reviewer #1:
The manuscript entitled `Partial Heterotopic Hindlimb Transplantation Model in Rats` by Goutard et al describes a technique where an osteomyocutaneous flap is transplanted in rats. While the idea is good for young microsurgeons to practise their skills, this model is mostly suited for bigger animal species, like swine, where the lack of movement of one limb, as well as the fixation of the bone are bigger problems. Moreover, the subcutaneous pocket in the rat could be more bothersome since the range of motion of their hindlimbs is more extensive than in other species. However, for a microsurgical model, I do recommend the publishing of the article, after a major revision. The following points should be addressed:

1. An accurate description of the vessels ligated/identified is mandatory for the description of a new surgical model. Internal and external blood vessels are not usual names used for the vascular structures beneath the knee level.
A more accurate description has been added to the protocol (page 3 lines 94-96).

2. How was the range of motion of the hindlimb with the transplanted flap ? While this model is best for other animal species, like pigs, where it was already described, in the rats, the range of motion of the hindlimbs is extensive and I would suppose that the presence of the flap would hinder their normal movements. This should be clarified in the text.
We would like to thank the reviewer for this very insightful comment. This is indeed one of the critical steps during the surgery. The left flank incision for the graft inset should be made above the range of motion of the left hip, allowing the animal to be fully ambulatory and to maintain a normal hind limb motion. A more precise explanation has been added to the manuscript (page 5 lines 153-154).

3. Specify by the harvesting of the donor flap that the inguinal fat pad is included in the flap.
The harvested limb includes the fat pad. A note has been added to the manuscript page 4 line 102.

4. Why not define the skin paddle on the flap during harvesting so that it can be seen that it is still perfused ? The skin could be fixed to the underlying muscle with Vicryl sutures, in order to avoid it shearing away during pulling through the subcutaneous tunnel.
We would like to thank the reviewer for this very relevant comment. This method has been tried by our team but did not prevent any shearing lesions on rats as well as it did on pig models. In the rat model however, shearing lesions were still observed using this method due to the very loose and thin layer of dermis. Thus, we decided to keep the skin wrapped around the limb and to adjust the skin paddle as necessary for the final inset. The skin portion of the limb does not go through the subcutaneous tunnel as only the proximal part of the limb and the inguinal fat pad are inserted below the cutaneous bridge for microvascular transfer. A more precise description has been added in the manuscript (page 6 line 158).

5. Why not do the circumferential incision in the inguinal crease from the beginning ? it could help with providing a bigger field, instead of the 2.5 cm incision done at the beginning.
The circumferential incision is not made from the beginning of the procedure to avoid any bleeding. Also, the larger the skin incisions are, the more the rat receives painful stimuli, and the more the rat is at risk for hypothermia. Hence, the circumferential incision is made at the latest moment before cauterizing the muscle and ligating the vessels. No difficulties have been noted in femoral vessels dissection with the 2.5 cm inguinal incision.

6. Why do you suture the 2 inguinal fat pads together? Explain in the manuscript the rationale behind it, as well as their aspect (eg are they still perfused) at the end of the experiment, for the rats surviving the entire period?
The inguinal fat pads are still perfused as their main vascular support is preserved with the epigastric artery. Suturing them together in the transplanted rats allows for a good protective layer of fat above the anastomoses (that would otherwise lie directly under the inguinal wound). It also secures the placement of the graft and the pedicle (page 6 lines 170-173-174).

7. The self-mutilation mentioned happened during the use of the Elizabethan collar? This should be specified in the text. While it is true that self-mutilation can be seen in rats, a collar would be considered by most animal care ethical committees a type of physical restrain and would not be approved.
The first self-mutilations observed occurred without the use of the Elizabethan collar. Identifying this problem, a discussion with our staff veterinarian led to the creation of an amendment to our IACUC protocol to add the collar specifically designed for preventing self-mutilation. The approved Elizabethan collar worn until POD7 by the recipient rat then prevented most self-mutilation injuries. 

8. While this model is great for young microsurgeons starting in experimental research, the ischemia time is too long for a technique that is supposed to be better than the `time-consuming procedure` involving orthotopic hind-limb transplantation (see Article DOI 10.1097/TXD.0000000000001044 for various ischemia and operation times). Therefore, I suggest mentioning this in the title. A claim like this would imply showing a faster technique than the ones already described in the literature.
In the mentioned paper (Article DOI 10.1097/TXD.0000000000001044), the authors describe an orthotopic limb transplantation model in rats performed by two surgeons. Our study reports a single operator model (page 7 line 206) where ischemia times are longer due to the preparation of the recipient (anesthesia, sterile conditioning of the recipient, preparation of the recipient’s vessels and inset site). Hence, in our study ischemia time includes all these steps on top of the anastomoses time. Also, the 30 limb transplants reported in this study include the first transplants performed by the operator (i.e. longer ischemia times, taking into account a learning curve in the performance of the surgical model, better times were recorded in the last transplants performed as the technique was being mastered).

9. The results in the tables with the complications, solutions and methods of prevention should be put together in one table to be easier to read. I don`t know if this view was distorted due to the PDF, but it was not easy to follow.
The format has been adjusted to allow for a better reading of the table.

10. `surgical debridement using non absorbable sutures can be discussed with the staff veterinarian (Fig. 5A-C)`- please rephrase as some words were left out, I suppose. Moreover, a careful check of all the manuscript should be performed for accuracies regarding subject-verb constructs.
The mentioned statement has been modified (page 9 line 255). A careful proofreading has been done by all authors.

11. Abbreviations should be defined at their mention in the text (e.g. ATP).

The undefined abbreviation has been erased from the manuscript (page 10 line 284).


Reviewer #2:
Manuscript Summary:
Authors aimed to report details of a surgical technique of heterotopic rat hind limb transplantation model to study rejection on VCAs. Specifically, they transfer half of the femur, knee joint, and half of the tibia along with overlying muscles, and skin based on the femoral vessels to a subcutaneous pocket of the recipient inguinal area. Recipients vessels appear to include femoral artery and vein with an end-to-end anastomosis.

Major Concerns:
This model has been previously published in various other journals without a video. For a manuscript supposed to contain a great detail to get published on a video journal, description of the procedure and figures are highly inadequate to describe the procedure properly. In the end, the purpose of the manuscript should be to present the model to a novice reader on every aspect so one can replicate these results. Previously published manuscripts in print seem to have more details than the current one.
We understand the concerns of the reviewer. More details have been added to the surgical part of the protocol. However, we would like to highlight that the purpose of this study is to give a precise model for microsurgical trainees, including a video to provide a better learning tool for the novice reader. Plus, the study aims to underline the difficulties and complications linked to heterotopic limb transplantation models, which are not described in the literature. We present here tips to prevent and manage those potential postoperative complications.

Furthermore, although not a functional one, authors argue that this is an ideal model to study rejection/acceptance in VCAs due to lower complications rates and ease of surgical technique compared to an orthotopic model. I do not think I would agree with them. Setting the tension on the vascular pedicle on orthotropic model is easier than the heterotopic model. Complications such as bone exposure, fistula are highly unlikely. Procedures on average can be performed in 75 minutes of ischemia time and can be used to assess function which is very important for VCAs.
We agree that orthotopic limb transplantation models present significant advantages when compared to heterotopic limb transplantations, especially for functional assessments (as mentioned in the first paragraph of the discussion lines 307-311). However, our heterotopic model allows for a fast recovery, the recipient rat being able to ambulate normally as soon as it regains full consciousness after recovering from anesthesia. The overall morbidity is thus more important in the orthotopic transplantation models (Ulusal, A. E., Ulusal, B. G., Hung, L. M. & Wei, F. C. Heterotopic hindlimb allotransplantation in rats: an alternative model for immunological research in composite-tissue allotransplantation. Microsurgery. 25 (5), 410-414, (2005)). Furthermore, as underlined in the discussion (page 12 lines 329-330), the ischemia time in our study is longer than in orthotopic transplantation models described because only one operator was doing both harvest and recipient preparation. A double-operator study would reduce the ischemia time to the time of anastomoses.

Also, reperfusion injury could be more severe in a heterotopic model as it looks like the femoral artery flow is diverted to the VCA graft rendering the entire lower extremity of the recipient ischemic with only marginal flow to the thigh, leg and foot. Overall anatomy of vascular flow at various levels of ligation is well studied in rodents. The following is just one of the examples of this kind.(Int. J. Mol. Sci. 2019, 20, 3704; doi:10.3390/ijms20153704, mice and rats are more or less same). Unlike the graft ischemia, this type of ischemia to the entire lower extremity takes days or weeks to correct with neovascularization and surely will have an effect on acute rejection.

We thank the reviewer for a relevant comment on possible limitations of the heterotopic models. The effects of neovascularization of the rat hind limb in this particular described model, as well as its impact on acute rejection, would need further investigation in a study on VCA acute rejection.

Finally, a model proposed to study VCA transplantation, no transplantations were performed across MHC. Overall rejection pattern from day 1 to day 7 will be interesting to see with additional details on how to differentiate between partial skin ischemia vs skin rejection.

We agree with the reviewer on the interest of showing results of VCA transplantation across MHC mismatch. However, the purpose of the study is to give a step-by-step, easy-to-follow protocol for microsurgical trainees and to provide the reader with a handbook of potential complications and how to avoid/manage them quickly. 

Reviewer #3:
Manuscript Summary:
In this study, author reported a reliable and reproducible model of partial heterotopic osteomyocutaneous flap transplantation in rat, the post-operative outcomes, and means of orevention of potential complications. This is a useful, efficacy protocol. However, there are some problems to be solved before accept.

Major Concerns:
1. I noticed that the researchers pointed out in this study that the mean duration of graft inset in the recipient is 105 minutes. Is this the result of all the surgical statistics? Have the researchers studied the relationship between the ischemic time and the success of surgery, and given an appropriate standard.
The mean duration of the graft inset is 105 minutes. Mean ischemia time was also 105 minutes. In this study, we underline that this model provides an ischemia time below 2 hours while having only one operator do the surgeries. The impact of cold storage duration on VCA survival has been assessed using this model. However, those data are not reported here as it is not the main aim of the study.

2. In this study, there is no description about the area of the flap. And whether the size of the flap is related to the success of the operation?
In our proposed model, the area of the skin paddle measures approximately 7 cm2 (3 cm diameter). All grafts were similar in size. Hence, no study on whether the size of the flap is related to the success of the operation were performed. 

Minor Concerns:
1. Please provide the scale in figure 1-6.
The clinical pictures are provided to help the reader familiarize with the aspect of the transplanted limb in its normal evolution and in case of complication, in rats weighing from 250-400g. As a qualitative assessment of the graft, a scale on those figures did not fit the format.


