Response to Review Letter 


Dear Editor,

We are pleased to submit the revised version of our manuscript entitled: “A novel inhalation mask system to deliver high concentrations of nitric oxide gas in spontaneously breathing subjects” (JoVE61769R1).

We thank the editorial team and the reviewers for the comments and the suggestions, giving us the chance to improve our manuscript. We addressed the points suggested and revised our manuscript.

Below please find our point-by-point responses to both Editorial and Reviewers’ comments. Relative modifications to the manuscript text are referenced where appropriate.

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 and grammar. Please define all abbreviations at first use, e.g., CPAP (line 22).
Authors' reply: The manuscript has been thoroughly proofread. All abbreviations are defined at first use. The acronym "CPAP" in the summary section has been changed to "positive pressure.".

2. Please provide an email address for each Author.
Authors' reply: A current email address has been added on the title page next to each Author's name.

3. 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 and Reagents.
For example (Teleflex, Wayne, PA)-lines 93-94; CareFusion Vernon Hills, IL (lines 102-103); Masimo Rad-57 Handheld Pulse Oximeter with Rainbow … (lines 262-263), etc
Authors' reply: The manuscript has been modified to comply with the journal's requirements. Commercial language has been removed throughout the text.

4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our," etc.).
Authors' reply: The manuscript has been modified to comply with the journal's requirements. Personal pronouns have been removed throughout the text.

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. Please include all safety procedures and use of hoods, etc. The Protocol should contain only action items that direct the reader to do something. Please move the Discussion about the Protocol to the Discussion. 
Authors' reply: The protocol section has been revised to comply with the editorial standards. Notes have been edited or deleted, with content moved to the Discussion section, when appropriate.

6. 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.
Authors' reply: The protocol section has been thoroughly edited to increase precision and provide the highest possible detail level. The proposed setup is a relatively simple sequential assembly. We believe the "how" question can be quickly answered, mainly through the video format.

7. 1 (1.1, 1.1.1, 1.1.2)—please reference Figure 1.
Authors' reply: Figure 1 has been referenced at the beginning of the Protocol section.

8. 1.3: what are the dimensions of these pieces of tubing and connectors?
Authors' reply: The first part of the Protocol (list of items) has been broken down to the appropriate steps in the following sections to precisely report dimensions for every mentioned piece of equipment at the corresponding stages of build.

9. Please move the information in lines 271-275 to the beginning of the Protocol to provide an ethics statement before the numbered protocol steps, indicating that the Protocol follows the guidelines of your institution's human research ethics committee. Also, please provide details about subject selection criteria in the Protocol.

Authors' reply:  Details about IRB approval # have been moved to the beginning of the Protocol section as requested. A brief overview of each study's target population in which the device is currently in use has been provided at that same point in the manuscript, as requested.

10. 2.3.4: Please specify dimensions and material of kink-resistant gas tube.
Authors' reply: Tubing material has been specified. Tubing length can be variable according to the distance between the patients and the source of gases. The specific length that will be used in the video (2.1m) has been added to the "Table of Materials", while the specification "Choose tubing of appropriate length considering the distance between the patient and the source of gas." has been added to the Protocol (points 2.3 and 6-Notes).

11. Please 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.
12. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.

Authors' reply: Following significant editing, the whole Protocol section from point 1 to 7.3 fits into the required 3-pages for essential steps. We believe it all can be considered highlighted and visualized in the video, telling a very cohesive story. Being the Protocol essentially made by subsequent steps of a single build, the logical flow will be very clear. All steps include at least one action written in the imperative tense.

13. Please revise the Discussion to fit into 3-6 paragraphs still covering
a) critical steps within the Protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique

Authors' reply: The Discussion section has been revised to be structured in six paragraphs covering all aspects required by the editor. Please not that additional words were required to comply with the reviewers’ requests.

14. Unfortunately, there are sections of the manuscript that show overlap with previously published work. Please revise the following lines: Discussion "However, other innovative….home care" (lines 420-423).
Authors' reply: The section has been reviewed and modified. We apologize for the inconvenience.
15. Please number and sort the entries alphabetically in the Table of Materials to make it easier to read.
Authors' reply: The number of pieces needed for each specific part required has been specified, and the items are now sorted in alphabetical order to increase readability.

____________________________________
Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The authors present a well-organized description of a self-constructed system allowing delivery of inhaled nitric oxide (iNO) to non-intubated patents. They appropriately identify current logistical challenges with iNO delivery, as well as placing the use of iNO into current clinical context (e.g. possible therapy for COVID-19). The description is detailed and straightforward, if not a little long. The figure accompanying the set up is the most useful portion of the manuscript, and allows a quick understanding of set up being described. A few points, outlined below, if addressed, would add to the manuscript's strength. 
Authors' reply: We thank Reviewer #1 for the general comments on our manuscript. To also comply with the editorial requests, the protocol description has been significantly shortened.

Major Concerns:
The major concern for this submission relates to possible regulatory issues associated with the novel delivery mechanism described. The authors should consider a statement regarding current FDA-labeling regarding the delivery of iNO (if it exists). Additionally, the authors should address any regulatory issues that may need consideration if other centers were to utilize the described setup. The authors point out that their use falls under both investigational (IRB-approved) use as well as clinical use. When using a novel set up to deliver an approved medication, does the set up itself fall under any regulatory oversight?
Authors' reply: We appreciate the acute comment on the regulatory body (FDA) that oversees novel devices. To avoid confusion, we edited the manuscript to make as clear as possible that this device has been designed to allow the investigation, under IRB approval, of high-dose nitric oxide, to treat- or prevent- COVID-19. See, among others:
Protocol- paragraph 4: The device has been developed for investigation use in research protocols that underwent rigorous review by the local Institutional Review Board. Under no circumstances should providers operate solely based on the indications included in this manuscript, assembling and using this device without seeking prior appropriate institutional regulatory approval.
Details have also been added on the FDA labeling of NO gas (Discussion-limitations).

Minor Concerns:
The authors might also consider a brief description of troubleshooting the system based on their experience (i.e., where do leaks most commonly occur, where are the "fatigue" points of the system?)
Authors' reply: The Discussion (Par 2- modifications and troubleshooting) has been edited to add further troubleshooting details, including the risk of air leaks and scavenger efficiency.

The authors might also consider a quick statement regarding this current delivery method as it may compare to other investigational delivery systems (such as the iNOpulse) that allow delivery of iNO without mechanical ventilation.
As per JoVE's editorial policy, we could not include any commercial language or comparison with specific marketed devices. However, we hope we can comply with the reviewer's important observation with our revised version of the Discussion section (par 5- significance with respect to different methods) summarizing the advantages and disadvantages of the proposed setup compared to commercially available devices.


Reviewer #2: 
Manuscript Summary: In this manuscript, the authors describe a device for inhalation of high-concentration nitric oxide (NO) gas that does not require mechanical ventilators, CPAP, or high gas flows. This simple and highly adaptable system has been created using standard medical consumables and a snug-fitting mask to deliver NO gas to spontaneously breathing subjects safely. The authors state that it is a safe therapy with few potential risks even if administered at high concentrations. For the authors, inhaled NO gas is routinely used to increase systemic oxygenation in different disease conditions; the administration of high concentration NO also exerts a virucidal effect in-vitro. In addition, no device is currently available that allows easy administration of inhaled NO at concentrations higher than 80 parts per million (ppm), at various inspired oxygen fractions. For authors, the development of a reliable, safe, inexpensive, lightweight, and ventilator-free solution is crucial, particularly for the early treatment of non intubated patients outside of the intensive care unit and in the limited-resource scenario of a pandemic.
Although the manuscript is very interesting in the field of using NO to treat patients with Covid-19. There are some minor comments which should be clarified.

Major Concerns:
None

Minor Concerns:
1. The main side effects of high concentration of inhaled NO therapy should be defined in the text.
Authors' reply: We added the risk for hemodynamic compromise and rebound pulmonary hypertension to the discussion section, next to the already discussed risk of methemoglobinemia. Although not technically a side effect of NO therapy, the risk of NO2 inhalation is a risk we also discussed as a potential safety hazard of high-dose NO administration.
2. How to differentiate the side effects of inhaled NO with high dose with Covid-19-related respiratory symptoms?
Authors' reply: To our knowledge, there are no side effects of inhaled NO whose manifestations would be clinically overlapping with COVID-19 respiratory symptoms. Methemoglobinemia, hemodynamic compromise (rare), and rebound pulmonary hypertension (at rapid weaning) are the three known demonstrated adverse effects. 
3. The effect of high dose of inhaled NO on pulmonary endothelial permeability should be awared because high concentration of inhaled NO has a strong effect on vasodilatation.
Authors' reply: Nitric Oxide is endogenously synthesized by vascular endothelial cells and diffuses into adjacent vascular smooth muscle, thereby naturally maintaining the low vascular tone of the pulmonary circulation in standard conditions. When administered by inhalation, it selectively dilates pulmonary vasculature in ventilated areas of the lung. The vasodilating effect of inhaled NO has a rapid onset of action and a short half-life that results in essentially no effect on systemic vessels. The action of inhaled nitric oxide in responders is more pronounced in conditions of pulmonary vasoconstriction, while limited to no effects at all can be seen in patients with normal pulmonary hemodynamics. This is based on evidence from the last three decades of animal and human research on the drug and our own extensive experience. Relative to high dose administration, in healthy volunteer breathing high dose NO at 160-200 ppm: we did not observe any alteration of hemodynamics or any adverse event.

We also did not see also any alteration of hemodynamics or formation of edema in non-intubated pregnant patients with severe COVID-19 and in a non-intubated hospitalized patient with mild-moderate COVID-19 (217 treatments of 160 ppm of NO for 30 minutes twice per day) (unpublished data). 

In a pediatric patient with CF, repeated inhalation of a high dose of NO (140-180ppm) did not alter hemodynamics and did not show any sign or symptoms associated with increased endothelial permeability (Bartley). 

Based on our and other observations, we believe that irrespective of dose, NO is a selective pulmonary vasodilator, not affective systemic hemodynamics. In addition, in humans, we did not record any signs or symptoms associated with increased endothelial permeability.
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4. The indications and contraindications of high dose inhaled NO should be defined.
Authors' reply: There are currently no formal indications nor contraindication to the use of high-dose inhaled NO, whose use is limited to research applications to study the molecule virucidal, bactericidal, and fungicidal effects. Safety limits of exposure to increased levels of NO2 or Methemoglobin have been repeatedly described throughout the manuscript.


