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April 15th, 2020

Ref: JoVE61284R1

Dear Editor,

I am pleased to send you our revised manuscript “Measure of Cerebrovascular Reactivity with functional Near Infrared Spectroscopy” for your consideration. We thank you for your careful editing.

Following your recommendations, we edited our manuscript. The responses to your comments can be found in the document below.




Sincerely,
Franck AMYOT, Ph.D.
Research Investigator, NICoE

Franck.g.amyot.civ@mail.mil
Building 51, Room 1121
4860 South Palmer Road
Bethesda, MD 20889-5649
Phone:  301 400 0184
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Franck Amyot PhD
Research Investigator




Editorial comments

1. The editor has formatted the manuscript to match the journal's style. Please retain and use the attached file for revision.
Response: We used the document for revision

2. Please address all the specific comments marked in the manuscript.
Response:  Full response of editorial comments are below. Original comments were kept.

3. Please ensure that there is a minimum of one page and a maximum of 2.75 pages of highlighting including headings and spacings.
Response: The highlighting is in a separate document

4. Please proofread the manuscript well before submitting it.
Response: We proofread the manuscript carefully before re-submitting.

5. Please reword lines 123-128, 208-211, 227-229, 234-236 as it matches with previously published literature.
Line 123-128. Previously: 
2.5. Set the LED current between 5mA to 20mA. LED drive current defines how bright each LED shines. The default value for LED drive current is 20mA. This value may have to change based on the skin pigmentation and other characteristics of the participant. 
2.6. Set the initial gain. Default value for gain for all channels is 20. Suggested values for gain are 1,5,10,15,20.
Now reads:
Under “Device Setting”, set the gain for detectors between 1 and 20. A higher gain will increase the sensitivity of the light detectors. The default value is 20. Set the “LED Current” between 5mA and 20mA. Larger values will result in brighter light and will increase the signal level generated by the detectors. The default value is 20mA.

Line 208-211. Previously:
4.2.3.	Identify the physiological delay between EtCO2 (measured in the lungs) and the fNIRS signal (measured in the brain) by calculating the correlation coefficient between these two time courses at varying time shifts. The shift value that yields the higher correlation coefficient is considered the optimal time.
Now reads:
Calculate the physiological delay between EtCO2  (measured in the mouth) and the fNIRS signal (measured in the brain) by finding the higher correlation coefficient between these two signals at varying time shifts. (MATLAB script attached for step 4.2.3 to step 4.2.5).  The time shift with the higher correlation coefficient is considered the optimal time.
Line 227-229. Previously:
On average, in our HC group, the increase of HbO appeared 2.3 + 2.6 s before the HbR decrease was noted. Because of this delay between HbO and HbR, the time shift between the EtCO2 tracing and HbO signal is not the same as the time shift between the EtCO2 tracing and HbR signal.
Now reads:
Physiologically, HbO and HbR are out of phase14. In Figure 4, which represents the fNIRS signal of one participant, we observed that the HbR signal precedes the HbO signal by 3.5 seconds (a precise measurement can be derived from the time shift for each signal).  On average across all participants, we observed that the HbO signal increases 2.3 +2.6 s after the HbR signal decreases.

Line 234:236. Previously:
After applying the appropriate temporal shift, we measured the Pearson correlation between EtCO2 and HbO, HbR, and Hb-diff. fNIRS signals are highly correlated with EtCO2.
Now reads:
[bookmark: _GoBack]After shifting the EtCO2 trace for HbO, HbR, and Hb-diff, we measured the Pearson correlation between the shifted EtCO2 traces and HbO, HbR, and Hb-diff.  We found that EtCO2 are correlated with fNIRS signals.

6. If reusing previously published figures, please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
Response: no previously published figures were used.



Comments and responses:
Editor’s comment: Please refer figures in order.
Author’s response: Line 62: Changed the order of the figures. Figure 1 is now figure 2 and figure 2 is now figure 1. Legend numbers have been adjusted accordingly. 
Editor’s comment:  Please ensure all steps are written in imperative tense as if suggesting someone how to do the experiment with all specific details. There should be a cohesive story from the beginning to the end.
For each step, please include how it is done. Please include all the button clicks, knob turns etc. 
Once done, please highlight 2.75 pages of the protocol section to be used for filming purpose.  
Author’s response:  The protocol steps have been reordered and additional steps and instructions have also been added for clarity. Imperative tense has been incorporated in the steps. These modified and expanded steps are the following:
Line 87---Under heading “Protocol”: 1. “Preparing” changed to imperative tense, “Prepare”.  Now reads:   “Prepare the Materials used for the Hypercapnia Challenge (Figure 2).”
Subsection 1.7,  Line 107-109—Modified subsection 1.7 Previously read:  Previously said “Turn on the capnograph and then connect to a laptop for data recording. …
Etc…
Revised for more detail to read: (Line 107) “Connect the capnograh (Item #10) to a laptop with an RS232 cable. Open the data port reader software, select the corresponding USB port and start the data reading. Turn on the capnograph. Data will automatically be displayed on the computer screen.” 

Author added subsection 1.8, line 112: “1.8 Connect the fNIRS box to the computer with a USB cable. Connect the source-detector headband to the FNIRS box. Connect the power adapter to the fNIRS box and turn on the switch.”

Author removed turn on the capnograph in step 2.1 (line 116)

Section 2  Procedures during the experiment 

Section 2.3, line 124:   
Revised the subsection 2.3 which uses the term “rigid mount”. Previously read: “Check that the rigid mount is carefully positioned above the eyebrow and in the middle of the forehead. Place the lower detector row approximately 3.5 cm above the nasion.”

Editor’s comment: Where is this (rigid mount) in the figure? These are detectors for fNIRS measurement?”

Author response:  The “rigid mount” was changed to “source-detector headband”, the term used in subsection 2.2, for clarity that this is the headband with light detectors and is referred to in Figure 1 (previously Figure 2).
[bookmark: _Hlk36042098]Beginning on line 124, the subsection now includes a more detailed position description of nasion: “or bridge of the nose where the indentation of the upper nose meets the forehead between the eyes.”  The revised sentences read, “Check that the source-detector headband is carefully positioned above the eyebrow and in the middle of the forehead. Place the lower detector row approximately 3.5 cm above the nasion, or bridge of the nose where the indentation of the upper nose meets the forehead between the eyes.“

2.4, Line 127 
Editor’s comment:  So you do not clean the skin area with 70% alcohol? 

Author’s response:  This is correct.  There is no alcohol required for cleaning the skin.
Revised the instruction so that it currently reads:  

“Make sure the detectors are firmly adhered to the participant’s skin without chromophores (e.g. make-up) or hair interfering. No skin preparation is needed.”  (added e.g. make-up to give an example of a chromophore) 

2.5, Line 130 
Editor’s comments:  (Referring to the LED current.)   Where is this in the figure? How do you set this? Significance of this? Why do you need LED light? Where are LED lights placed? How many of these are present?  Additional Editor’s comment about this same subsection regarding the last sentence “skin pigmentation and other characteristics of the participant”: What is being looked for here?
Original paragraph:  “Set the LED current between 5mA to 20mA. LED drive current defines how bright each LED shines. The default value for LED drive current is 20mA. This value may have to change based on the skin pigmentation and other characteristics of the participant. “

Author’s response:  Combined the information from 2.5 and 2.6  which is now 2.5.  
Revised the paragraph to now read: “Under “Device Setting”, set the gain for detectors between 1 and 20. A higher gain will increase the sensitivity of the light detectors. The default value is 20. Set the “LED Current” between 5mA and 20mA. Larger values will result in brighter light and will increase the signal level generated by the detectors. The default value is 20mA.”

2.6, Line 141
 Editor’s comments:   What kind of signal is obtained here? What is being tested? Please reword for clarity. How is the signal obtained? What form?
Original sentences: “In case of saturated (raw signal>4000) or low signal (raw signal <1000), adjust the corresponding sensor placement or the parameter in step 2.5 and 2.6. The exact full procedure has been explained by Ayaz et al. 22

Author’s response:  Modified the subsection for clarity and more detailed information about the signal obtained to read:  
2.6.”In CobiStudio, press “Start Current Experiment”. Sources will send light at 2 wavelengths and light signal intensity detected from each detector will be displayed in real time in CobiStudio. In case of saturated (signal>4000) or low signal (signal <1000), adjust the contact between the source-detector headband and the skin or the parameter in steps 2.3 and 2.4. The exact full procedure has been explained by Ayaz et al. 22

2.8, line 148
Editor’s comment: Significance of this?  (regarding, why the participant holds the non-rebreathing valve which is the extension of the mouthpiece and the non-rebreathing valve)  Original sentence, “Carefully insert the mouthpiece (item#6) into the participant’s mouth so that they can continue to breathe.  During the procedure, ask the participant to support the non-rebreathing valve (Item #3) with their hand.”

Author’s response:    Revised the sentences by adding “for increased participant comfort” and referring to Section 1.2 where the non-rebreathing valve is described.

The revised paragraph reads:  “Carefully insert the mouthpiece (item#6) into the participant’s mouth so that they can continue to breathe. For increased participant comfort during the procedure, ask the participant to support the non-rebreathing valve (described in Section 1.2, Item #4) with their hand. 

2.9, 2.10, and 2.11, line 150-162 (formerly 2.10)
 Original sentence: Start recording the end-tidal carbon dioxide (EtCO2) pressure with the capnograph. 
Editor’s comment:  How is this done? (refers to recording the EtCO2)

Author’s response:  Recording is in CobiStudio computer program. 
Omit the sentence about the capnograph in the former 2.9 subsection.  It will be discussed in the new subsection 2.11.

Subsection 2.9, line 150 
Subsection formerly 2.11 now 2.9: Original sentence:  “Record the fNIRS baseline for 20s.”  
Editor’s comments: Is this connected to a computer and is there an associated software? Do you press the record button on the fNIRS? 

Author’s response: The selections occur on the laptop computer in CobiStudio.  The start button for the baseline and the record button for the experiment are in CobiStudio.

Revised the sentences in the next paragraphs/subsections:  subsection 2.9, line 159 now reads:
“Press “Baseline” button in CobiStudio. It will measure and automatically record the light signal for the fNIRS baseline for 20 seconds. “

Author added instructions:  2.10, line 153 Reworded the sentence: “Start to record the experiment (press record). “  Author:  New sentence reads: “Press Record before starting the experiment.”

2.11, line 155
Editor’s comments:  What is new marker with respect to your experiment? How do you send it?
 
Author’s response:  Revised section 2.11 to give more detailed directions and explanation about the “Manual Marker” which is a selection in the computer program CobiStudio. The manual marker in CobiStudio allows you to synchronize the signal and the stimulus (type of gas).  The time the valve is switched is “marked” by pushing “Manual Marker”.

The revised sentences read: “At the beginning of the experiment, start the clock, press “Manual Marker” in CobiStudio, and write on paper the time displayed by the capnograph. Every minute, turn the valve connected to the gas tubing to cycle between room air and room air mixed with 5% CO2.  Again, press “Manual Marker” in CobiStudio and write on paper the time displayed by the capnograph each time the inhaled gas mixture is changed (Figure 3). Manually marking the time displayed on the capnograph is essential for future synchronization between fNIRS optical signals and capnograph’s EtCO2 trace.”  Omit lines 172-177 which have been incorporated in the revised section 2.12.

2.12, line 163. Original sentences:  “After 7 min, stop the fNIRS recording. Allow 60 additional seconds of recording for the EtCO2 and synchronize the EtCO2 trace with the fNIRS signal. Save the data.”

Author revised these sentences for further clarification:
“After 7 min, stop the fNIRS recording by clicking on “Stop” in CobiStudio. Allow 60 additional seconds of recording for the EtCO2 and save the EtCO2 data as ASCII within the data port reader software.”


Section 4 Data analysis (Line 187) 

4.1, line 189. Signal Processing using fNIRSoft (Changed Signal Processing to Signal Processing using fNIRSoft)
Original NOTE: Signal processing is the first step of the data analysis. It’s done under an fNIRS data processing software in order to remove noise or artefact in the data due to patient movement.  

Modified NOTE:  Signal processing is the first step of the data analysis. It is done using an fNIRS data processing software (fNIRSoft) in order to remove noise or artifact in the data due to patient movement. Only data from CobiStudio are needed for this analysis. 
4.1 In fNIRSoft, Click on “Load File” to select and then upload the acquired fNIRS data.

Original subsection 4.1.1, line 195:  Select both the median filtering and the sliding window motion artifact rejection (SMAR)23 tools to recognize and delete both motion artifact and saturated channels from the raw signal. 

Editor’s comment: How and where are these tools selected. E.g., in the fNIRS acquitision system collect all data save. Now go to the edit mode and click on “xxx” to select the median filtering. 

Author’s response: The author added more steps, including pop-up window and buttons to click.  

Added “fNIRSoft” and the sentence “Only data from CobiStudio are needed for this analysis,” for clarification and new, more detailed instructions in response to the Editor’s question. 

Added: Subsection 4.1.2, line 197 added “Click on “Refine” and a pop-up window will appear. Select “Raw Data” and press “Next”. 

Added subsection 4.1.2.1:  Click on both the median filtering and the sliding window motion artifact rejection (SMAR).23  tools to recognize and delete both motion artifact and saturated channels from the raw signal. Press “Apply”.
 
Revised subsection 4.1.1.2, line 202:  Original sentence in 4.1.2: “Select the low pass frequency filter to discard pulse and breathing component (Hanning filter, n=20, cutoff=0.1Hz). 21;24-26 ”.

Editor’s comment:  How is this done?
Author’s response:  revised sentence to read:  
Click on “Low Pass Frequency” filter to discard pulse and breathing component (Hanning filter, n=20, cutoff=0.1Hz).21;24-26 Press “Apply.

Original sentence in 4.1.3 line 204:  Select the detrend option by clicking on xxx to eliminate the slow temporal variation.
Editor’s comment:  Please include

Author’s response:  Now 4.1.2.3 line 204: 
Click on ”Detrend” to eliminate the slow temporal variation. Press “Apply”. Omitted “Select”, “clicking on xxx”, and added “Press “Apply” for clarification.

Original sentence in 4.1.4 (Now 4.1.3, line 206): Transform the light intensity into HbO and HbR concentrations. Save the data into a MATLAB format.
Editor’s comment:  Please include as supplementary file.

Author’s response:  Revised in 4.1.2 with more specific detail to read:  
Click on “OXI” to transform the light intensity into HbO and HbR concentrations. Click on “Save” and then select MATLAB as the save file format.

4.2 Signal processing with MATLAB Line 209
4.2 originally read: Signal processing. “The second part of the analysis is done under MATLAB in order to correlate the fNIRS signal with the time shifted EtCO2.”

For clarification, the title was expanded: 4.2. “Signal processing with MATLAB”

Also, more information was added:  The new paragraph reads: 
(line 210) “NOTE: The second part of the analysis is done using MATLAB in order to correlate the fNIRS signal with the time-shifted EtCO2. Data from the previous step (4.1.5) and data from the capnographe (EtCO2 trace, step 2.12) are needed for processing the data.”4.2.1 Originally (formerly 4.1.1) read: “Open the EtCO2 trace from the capnograph in MATLAB. Shift the EtCO2 time with the sampling tubing time delay (use the pre-calibrated time difference between one breath to the mouthpiece and the appearance of that breath on the CO2 recording).
Editor’s comment:  How is this done?

Author’s response:  Revised: 4.2.1, line 214 to read: 
Import the EtCO2 trace from the capnograph in MATLAB as two columns (one for time and the second for EtCO2 values). Shift the EtCO2 time with pre-calibrated time to correct the delay from the sampling tubing time (This is the time difference between one breath to the mouthpiece and the appearance of that breath on the CO2 recording. In this set-up, it was 15 seconds). Use the first time point recorded from the capnograph at the beginning of the experiment, step 2.11 as the starting point (t=0). Convert the EtCO2 into seconds.

Added 4.2.2, line 222: as follows: Import the oxy and deoxyhemoglobin data from step 4.1.3 into MATLAB.

Subsection 4.2.3, line 224:  Original sentences:  Identify the physiological delay between EtCO2 (measured in the lungs) and the fNIRS signal (measured in the brain) by calculating the correlation coefficient between these two time courses at varying time shifts. The shift value that yields the higher correlation coefficient is considered the optimal time.
Editor’s comment:  Please include how each step is done. Please include all the button clicks in the software, command lines, knob turns etc. Scripts used can be included as supplementary files.

Author’s response:  Revised the paragraph with more detailed instructions.  4.2.3, line 224 now reads: 
“Calculate the physiological delay between EtCO2  (measured in the mouth) and the fNIRS signal (measured in the brain) by finding the higher correlation coefficient between these two signals at varying time shifts. (MATLAB script attached for step 4.2.1 to step 4.2.2)  The time shift with the higher correlation coefficient is considered the optimal time.”

Original manuscript these subsections were omitted and revised/incorporated into 4.2.3 above.

4.1.1. Based on the synchronizing marker (step 2.13), segment the EtCO2 data to keep only the recording from 30 sec prior to the first marker to 60 sec after the data acquisition entry. 
Editor’s comments:  Please include how each step is done. Please include all the button clicks in the software, command lines, knob turns etc. Scripts used can be included as supplementary files.
Author’s response:  See 4.2.3.
Originally 4.1.2 read “Identify the physiological delay between EtCO2 (measured in the lungs) and the fNIRS signal (measured in the brain) by calculating the correlation coefficient between these two time courses at varying time shifts. The shift value that yields the higher correlation coefficient is considered the optimal time.” Included in 4.2.3 currently (detailed above).

REPRESENTATIVE RESULTS
Editor’s comments:  For the representative result, please also include your inference from the observations as well. Please also include how do these results show that the technique is effective.

Author’s comments: Some precision has been added in paragraph line 241 to compare this result to validated fMRI study. It now reads” As shown in a similar fMRI study28,  a 60- second inhalation of 5% CO2 was accompanied by an increase in EtCO2 pressure as measured by capnography. In our study  the EtCO2 trace was accompanied by an increase of HbO and a decrease of HbR (figure 4).” 
More 
Regarding discussion on the observation can be found in the discussion. Discussion on CVR variability and correlation with previous CVR study is described in the first discussion paragraph. (Line 310): The inter-channel variability is low (30%) and shows a uniform CVR value in the cortex which correlates with previous fMRI results 12. Our data show the inter-participant variability in CVR among HC is lowest for the oxygenation signal but increases significantly when using HbO or HbR. For future group difference studies with HC, we recommend using CVR values with the least variability, i.e. the CVR values from the oxygenation signal.

Editor’s comments:  For the representative result, please also include your inference from the observations as well. Please also include how do these results show that the technique is effective.
We carried out fNIRS with hypercapnia challenge on 15 HC. 
Editor’s comments:  Please expand. Please include clinical characteristic table along.

Author’s response: Revised the section in response as follows: 
Our exclusion criteria were: history of TBI, pre‐existing disabling disorders or pregnancy. The participants had a mean age of 37.7 ± 16 years (range 20-55) and 20% were female.  A 60 second inhalation of 5% CO2 was reliably accompanied by an increase in EtCO2 pressure as measured by capnography. The EtCO2 trace was accompanied by an increase of HbO and a decrease of HbR (figure 4).

Editor’s comment:  Is this figure a representative of one participant?
Author’s response:  One participant. The legend specifies it now as shown below:
On average, in our HC group, the increase of HbO appeared 2.3 + 2.6 s before the HbR decrease was noted. Because of this delay between HbO and HbR, the time shift between the EtCO2 tracing and HbO signal is not the same as the time shift between the EtCO2 tracing and HbR signal. In addition, we also calculated the time shift between the EtCO2 tracing and Hb-diff (difference between HbO and HbR signal). The Hb-diff parameter gave us the strongest amplitude between the two conditions. 

Editor’s comment:  Where is this data?
Author’s response:  Data are from the average of 15 patients. The second paragraph has been rephrase for better clarity, as follows:
Physiologically, HbO andHbR are out of phase14. In figure 4, which represents the fNIRSsignal of one participant, we observed that the HbR signal precedes the HbO signalby 3.5 s (a precise measurement can be derived from the time shift for eachsignal).  On average across all participants, we observed that the HbOsignal increases 2.3 +2.6 s after the HbR signal decreases. This impliesthat the time shift for HbO and HbR are different and need to be estimatedbefore calculating a participant’s CVR. For this same reason, we also need toestimate the time shift between the EtCO2 tracing and Hb-diff (the differencebetween HbO and HbR signals). The Hb-diff parameter gave us the strongestamplitude between the two conditions. 

Editor’s comment: Please upload the table as .xlsx file separately to your editorial manager account.  
Author’s response:  This has been done.
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