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Dear Dr. Forgie,

Your manuscript, JoVE62982 "Normothermic Negative Pressure Ventilation Ex-Situ Lung Perfusion: Evaluation of Lung Function and Metabolism.," has been editorially and peer reviewed, and the following comments need to be addressed. Note that editorial comments address both requirements for video production and formatting of the article for publication. Please track the changes within the manuscript to identify all of the edits.

After revising and uploading your submission, please also upload a separate rebuttal document that addresses each of the editorial and peer review comments individually. 

Your revision is due by Aug 02, 2021.

To submit a revision, go to the JoVE submission site and log in as an author. You will find your submission under the heading "Submission Needing Revision". Please note that the corresponding author in Editorial Manager refers to the point of contact during the review and production of the video article.

Best,

Vidhya Iyer, Ph.D.
Review Editor
JoVE
​vidhya.iyer@jove.com
617.674.1888
Follow us: Facebook | Twitter | LinkedIn
About JoVE
____________________________________


Please revise the manuscript to thoroughly address the reviewers' concerns and all the editorial comments. Additionally, please describe the changes that have been made or provide explanations if the comment is not addressed in a rebuttal letter. We may send the revised manuscript and the rebuttal letter back to peer review.

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.

We have proofread the manuscript and believe all spelling and grammar issues have been fixed. All abbreviations are defined at first use. If there are any specific issues remaining, please identify them by line and we will gladly address them.  

We use the Canadian/British spelling for "centre". Sentences that were originally written in point-form have been re-written into full-sentences.

2. Please provide an email address for each author.

Keir A Forgie		kforgie@ualberta.ca	
Nicholas Fialka	nfialka@ualberta.ca
Max Buchko		buchko@ualberta.ca	
Sayed Himmat		shimmat@ualberta.ca
Sanaz Hatami		hatami@ualberta.ca
Xiao Qi			xqi3@ualberta.ca
Xiuhua Wang		xiuhua@ualberta.ca
Katie-Marie Buswell	buswell@ualberta.ca
Ryan Edgar		redgar@ualberta.ca
Darren H. Freed	dhfreed@ualberta.ca
Jayan Nagendran	jayan@ualberta.ca

3. Please revise the following lines to avoid overlap with previously published work (even if it’s your own paper): 111, 113, 115-117, 128, 152-153, 160, 163, 189, 270-271, 413-416.

The following text has been added/edited:

Line 111: "1.1. Position the organ chamber on the ESLP cart and mount the silicon support membrane onto the chamber hooks for suspension."

Line 113: "1.3. Connect the heat exchanger water lines to the deoxygenator as well as the sweep gas tubing."

Line 115-117: "1.5. Secure the pulmonary artery (PA) flow probe onto the PA tubing. 1.6. Use a three-way stop-cock to fasten the PA pressure transducer to the PA cannula. 1.7. Tubing connections must be firmly attached to prevent leaks, and all the stopcocks and luer locks need to be closed prior to adding the perfusate.

Line 128:" The software computes functional parameters and pressure-volume loops."

Line 152-153: "3.3. Titrate oxygen flow in accordance to animal weight, typically 20 - 40 mL/kg."

Line 160: "3.8. Maintain the anesthesia by adjusting oxygen flow (20–40 mL/kg) and inhalant gas (1–3%)."

Line 163: "3.10. Prepare the incision site: shave and wash using iodine."

Line 189: "4.2.4. Use electrocautery to mark the midline along the sternal bone"

Line 270-271: " Any weight gain over the ESLP run is used as an indicator of edema."

Line 413-416: " Divide the biopsy into three equal sized portions, and place one of each in optimum cutting temperature (OCT) gel, formalin, and liquid nitrogen (snap freeze). Store the OCT and snap frozen samples in a -80 °C freezer, and store the formalin samples in a 4 °C refrigerator using a properly sealed container."

4. To avoid confusion, please ensure that the corresponding author is the same in the manuscript and Editorial Manager.

Thank you for pointing this out. Dr. Jayan Nagendran MD/PhD in the primary investigator and should be the corresponding author. Dr. Keir Forgie MD is a PhD student, responsible for most of the writing and experiments. Keir will be able to provide the timeliest communication, which is why he was listed as the corresponding author in the Editorial software. If congruence is required, please use Dr Jayan Nagendran as the corresponding author.

5. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s), but before punctuation.

Reference numbers now appear as superscripts.

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.

Protocol sections 1-13 are now in the imperative tense. 
There are no hoods used in this protocol. There is no additional safety information to add. 

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 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. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

The "how" questions are answered. Enough detail is included in each step to supplement the actions seen in the video.


8. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points and one-inch margins on all the side. Please include a ONE LINE SPACE between each protocol step and then HIGHLIGHT up to 3 pages of protocol text for inclusion in the protocol section of the video.

Line spacing is single. A one-line space has been included between each protocol step. 

3 pages of the protocol have been highlighted for filming. 

9. Please discuss all figures in the Representative Results. However, for figures showing the experimental setup, please reference them in the Protocol.

Figure 8 and Table 4 are discussed in the Representative Results section. 

All other figures and tables relate to the experimental set up and are referenced in the protocol. 

10. Please include a section “Figure and Table Legends” to follow the representative results section (before the discussion section) and include the figure legends in this legends section.

A section titled "Figure and Table Legends" is now included. It now contains the figure and table legends. 

11. Please check the figures—you have two figures labeled as Figure 3. Upload all figures as individual files in the correct order.

We have corrected the figure numbers. 

12. Consider making the table in Figure 6 an actual table in .xls format and upload it separately.

Figure 6 is now labelled as Table 1. The other tables and figures have had their numbering adjusted. 

13. Please upload all tables as individual .xls files.

Tables have been uploaded as individual .xls files. 

14. 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 6 and 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 the journal names. Make sure all references have page numbers or if early online publication, include doi.

References now appear as directed. Reference 14 does not have an available issue number. 

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

The Materials Table has been sorted alphabetically. 

____________________________________
Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
In this study on negative pressure ventilation for ex-situ lung perfusion to preserve donor lungs for transplantation, the autors describe their procedure in a porcine model. It is important to note that this ventilation mode has already been tested in humans, in a recent clinical trial with positive results, and that the procedure has been well described elsewhere. Nontheless, reports on this technique are still scarce, and single center experiences like this are of great interest.

Thank you for your comments. It is true that we have described this protocol in some detail elsewhere; however, this manuscript provides significantly more detail for the purpose of anyone who wishes to emulate our research. It also includes protocol updates that are not reflected in detail in any of our previous publications. 

Major Concerns:
None

Minor Concerns:
None


Reviewer #2: 
Manuscript Summary:
This manuscript presents the detailed protocol for normothermic negative pressure ex-situ lung perfusion (ESLP) using a custom device in a porcine model. The manuscript is well written, clearly presented, and protocol is detailed. Lung transplantation is limited by the availability of suitable organs, and mortality is high on the waiting list. Ex vivo lung perfusion (EVLP), or ex situ (ESLP), utilizes complex pump and ventilator system to perfuse and ventilate the lungs in order to recondition and assess lung function to improve transplantability. Many protocols have been described and translated into clinical applications and trials. Conventional EVLP systems rely on positive pressure ventilation, but recent work suggest that negative pressure ventilation (NPV) is superior to reduce barotrauma and injury. Clinical safety and feasibility of a custom NPV-ESLP has been demonstrated, with 100% 30-days and 1-year survival. The manuscript presents the detailed protocols for NPV-ESLP in a pig lungs model, for a 12 hours duration. List of materials detailed.
Conflict of interest is disclosed, DHF and JN are founders and major shareholders of Tevosol, organ chamber apparatus.

Minor Concerns:
Why is ex situ LP instead of ex vivo LP has been used in the manuscript?

In previous papers, we used the terminology of ex-vivo lung perfusion (EVLP) and we also previously used ex-vivo heart perfusion (EVHP). Since then, the terminology has been updated to reflect the fact that we are not taking organs from "living" animals or human donors. These donors are NDD or DCD; therefore, the ethically correct terminology is "ex-situ". In the most recent publications on this topic, ESLP and ESHP are now used. 

Is there any perfusion of the lungs (preservation solution such as Perfadex) in the pulmonary artery before harvesting?

No, we do not flush the lungs with Perfadex prior to pneumonectomy, although that is common practice with human retrievals. The primary reason for this is financial. Perfadex is very expensive, and we reason that because the donor pigs are given a large dose of heparin 1000 units/kg and the lungs are quickly attached to the ESLP machine, which flushes them, in-situ flushing is unnecessary. 

What is CHIP solution?

CHIP stands for Common Hospital Ingredient Perfusate. It was developed in our last in 2019 and has been systematically compared to other commonly used proprietary perfusates. The objective was to produce an affordable perfusate using ingredients that are typically available on a crash cart, since perfusates represent a significant barrier to global distribution of ESLP technology due to their high cost. 

Reference: Buchko, M.T., Himmat, S., Aboelnazar, N.S., et al. A low-cost perfusate alternative for ex vivo perfusion. Transplantation Proceedings. XX, 1-6 (2020).

pRBC is added, what is the desired hematocrit?

Thank you for pointing this out. Hemoglobin concentration is targeted at approximately 50 g/L or a hematocrit of 15%. 

The following lines have been added to the text (line 591-592): " The hemoglobin concentration is targeted between 50 g/L or a hematocrit of 15%." 

What is the oncotic pressure of the perfusate and how does it compare with Steen solution?

CHIP contains a similar hyperoncotic pressure and electrolyte composition to KHB with albumin and Steen solution. Our typical oncotic measurement is 30 mmHg

The following lines have been added to the text (line 220-222): "1.8. Prime the circuit with 1000 mL of modified common hospital ingredient perfusate (CHIP) 18. CHIP is a custom-made low cost perfusate with an oncotic measurement of 30 mmHg, comparable to KHB with albumin and STEEN solution18."

Reference: Buchko, M.T., Himmat, S., Aboelnazar, N.S., et al. A low-cost perfusate alternative for ex vivo perfusion. Transplantation Proceedings. XX, 1-6 (2020).

Heparin should be given as U per units of volumes (final concentration) in the ESLP system.

The following text has been added to line 359: "2.3. Add 3.375 g piperacillin-tazobactam, 10,000 units of heparin (10,000 U/1.5L perfusate = 6.66 U/L), and 500 mg of solumedrol to the circuit."

How many biopsies are performed during all the procedure? 

Our biopsies are described at these steps 4.3, 7.3, 13.6. We take one in-vivo biopsy, one biopsy just prior to ESLP, and one biopsy at the termination of ESLP. 

What size? 

Steps 4.3 and 7.3 mention a 1 cm3 size and how to perform the biopsy. This has been added to step 13.6.  

What is it used for? Proteins, which biomarkers, staining? Please suggest some markers studied or what to look for.

The biomarkers used are specific to the experimental protocol employed. Generally, our biopsies are used to compare signs of acute lung injury. We rely on our perfusate samples for specific biomarkers of inflammation, such as IL-6, IL-8, TNF-alpha, because the perfusate is in contact with the entire lung surface and gives us a holistic measurement of overall inflammation. The reason we do no use biopsies for this purpose, generally, is because 1cm3 does not accurately represent the entirety of the lung. Even when sampling in a predictable manner, not all lungs behave the exact same on ESLP due to anatomical variation (i.e. some lungs have more dominant lower lobes vs upper lobes and vice-versa), and this effects the biopsy quality.

We mention our perfusate biomarkers in the discussion, lines 608-611. 

The following text has been added to line 865-870: "13.7 Run the final gas analyses, centrifuge the perfusate samples, and store the tissue biopsies as previously described. Centrifugation settings include: 1600RPM, 9 acceleration, 9 deceleration, 4 degrees Celsius, and 15-minute duration."  

The following text has been added to line 482-491:
"4.4. Take a biopsy of the right upper lung lobe for tissue analysis: open the right pleura to expose the right upper lobe. Encircle a 1cm3 portion with 0-silk, tie, and excise this portion of lung using Metzenbaum scissors. Divide the biopsy into three equal sized portions, and place one of each in optimum cutting temperature (OCT) gel, formalin, and snap freeze in liquid nitrogen, respectively. Store the samples for future investigations (OCT and snap frozen samples in a -80 °C freezer, formalin-stored samples in a properly sealed container in 4 °C Celsius refrigerator).

Note: Biopsy samples are stained with hematoxylin-eosin staining to examine the histophathology of lung injury including interstitial edema, alveolar and interstitial inflammation, interstitial and  perivascular neutrophilic infiltrates, and hemorrhage (17)." 


Lungs are weighted before and after ESLP? What is normal or expected weight gain or loss? In Fig8E, 50% weight gain is reported, this could seem a lot for normal lungs? Is the edema is interstitial or alveolar?

Thank you for point this out. Lungs are weighed after donor explant and after ESLP. Generally, the weight-gain is 20-30% in juvenile porcine lungs, but the range is 15-50%. The example that we included in Fig 8E should not have been used in isolation for our representative results section. This was an oversight on our end, so we appreciate you highlighting this. To remedy this, we have pooled a sample of 6 control runs produced in the past 6 months, which includes the 50% edema formation run. The range of values was 15.7-50%, with a mean of 30%. With a larger sample size, we believe the mean would be closer to 20-25%. Acellular runs (CHIP only) are associated with significantly more edema formation. Please see our paper for a more detailed discussion of perfusate compositions and ventilatory strategy:  15. Aboelnazar, N.S., et al. Negative pressure ventilation decreases inflammation and lung edema during normothermic ex-vivo lung perfusion. The Journal of Heart and Lung Transplantation. 37(4), 520-30 (2018).

Edema formation is both interstitial and alveolar. It is not clear why normal juvenile pig lungs can develop such a wide range of weight gain over 12 hours of ESLP using a consistent protocol. The delicate and sometime unpredictable nature of juvenile porcine lungs is one reason why they are such good models for extended criteria donor lungs. Human lungs in contrast, being more robust, lose weight while on ESLP (15). 

Any X-ray? Or imaging to assess the pattern of edema?

We do not have the resources to support the use of portable X-ray machinery in our lab. Previously, we have enlisted the help of a blinded pathologist to assess the character of tissue injury. 

We have previously compared the extent of interstitial edema, Alveolar inflammation, interstitial neutrophil infiltration, interstitial inflammation, hemorrhage, and perivascular neutrophil infiltration. 

No bronchoscopy performed?

We used to perform BAL on the lungs; however, we stopped doing this because the samples drawn were not particularly informative above and beyond our perfusate and tissue samples, and the requirement to perform a bronchoscopy for suction purposes during ESLP foreshadows an unsuccessful run. That is, if fluid is building up in the larger airways or ETT, the edema is already beyond a point of reconditioning with juvenile porcine lungs. Human lungs are far more robust, but this protocol is specific to how we manage our large animal models. 


Reviewer #3: 
Manuscript Summary:
This manuscript describes a new technique - normothermic negative pressure ventilation ex-situ lung perfusion - which will be further developed for donor lung assessment, repair and reconditioning.
Overall, this is a paper for protocol description. It is hard for the reviewer to imagine how accurate the protocol is. I focus my review on the preparation of the manuscript

Major Concerns:
1. The Abstract should be the summary of the whole article. Currently, it is only a Background of the research field, introducing the concept of this new technique, not the protocol. It has to be totally re-written.

Thank you for your comment. The Abstract has been totally re-written to better reflect the whole article. 

2. Introduction. The rationale of developing negative pressure ventilation (NPV) for EVLP is the foundation of this paper. In the Introduction, most of references cited are not directly related to NPV-EVLP. Please focus on the most relevant publication(s) to demonstrate the beneficial effects of NPV-EVLP and its potential application. This is very important.

Thank you for your comment. We agree with your suggestion to improve the introduction and have removed papers on PPV that were not necessary or immediately relevant. We have also added an additional NPV-ESLP publication from our lab and redirected the focus of the introduction towards NPV-ESLP.  

3. In the Protocol, please use proper figures or videos to help readers to understand how the system works.

Figures were included with our manuscript submission. It is unfortunate that you did not have access to them for your review. A video will be produced by JoVE if our manuscript is accepted for publication. 

Minor Concerns:
1. Currently, ex vivo organ perfusion (EVOP) and ex vivo lung perfusion (EVLP) is commonly used in the literature. In the original paper (reference #23) published by this group, they also used EVLP. Please consider change ex-situ lung perfusion (ESLP) to EVLP.

Thank you for your comment. You are correct that in our original paper, we used the terminology of ex-vivo lung perfusion (EVLP) and we also previously used ex-vivo heart perfusion (EVHP). Since then, the terminology has been updated to reflect the fact that we are not taking organs from "living" animals or human donors. These donors are NDD or DCD; therefore, the ethically correct terminology is "ex-situ". In the most recent publications on this topic, ESLP and ESHP are now used. 

2. Fig 8E. Weight gain >50%? This indicates severe pulmonary edema. Please clarify.

Thank you for point this out. Lungs are weighed after donor explant and after ESLP. Generally, the weight-gain is 20-30% in juvenile porcine lungs, but the range is 15-50%. The example that we included in Fig 8E should not have been used in isolation for our representative results section. This was an oversight on our end, so we appreciate you highlighting this. To remedy this, we have pooled a sample of 6 control runs produced in the past 6 months, which includes the 50% edema formation run. The range of values was 15.7-50%, with a mean of 30%. With a larger sample size, we believe the mean would be closer to 20-25%. Acellular runs (CHIP only) are associated with significantly more edema formation. Please see our paper for a more detailed discussion of perfusate compositions and ventilatory strategy:  15. Aboelnazar, N.S., et al. Negative pressure ventilation decreases inflammation and lung edema during normothermic ex-vivo lung perfusion. The Journal of Heart and Lung Transplantation. 37(4), 520-30 (2018).

Edema formation is both interstitial and alveolar. It is not clear why normal juvenile pig lungs develop such a wide range of weight gain over 12 hours of ESLP using a consistent protocol. The delicate and sometime unpredictable nature of juvenile porcine lungs is one reason why they are such good models for extended criteria donor lungs. Human lungs in contrast, being more robust, lose weight while on ESLP (15). 

