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Re: Resubmission of Manuscript JoVE61608 

 

Dear Editors of the Journal of Visualized Experiments, 

 

 

We are grateful for the thoughtful consideration by the editors and the reviewers regarding our 

manuscript entitled “Real-time monitoring of neurocritical patients with diffuse optical 

spectroscopies”. Please find attached a revised version of the manuscript, which we are 

resubmitting for consideration for publication in the Journal of Visualized Experiments. We also 

provide our complete set of responses to the reviewer comments.  

 

We are pleased the reviewers found merit in the work. One reviewer, for example, described that 

“study has apparent merits for guide of healthcare in neuro-ICU rooms”, and another described the 

manuscript as “generally well written”. The reviewers had general concerns about the lack of 

details for some of the procedures described, as well as some questions about specific topics of the 

protocol proposed. We have carefully reviewed each comment, and we have provided responses 

and corresponding text changes. 

 

In accordance on the editorial comments, we have also reorganized and rephrased a large portion 

of the manuscript. More specifically, the use of personal pronouns throughout the manuscript was 

drastically reduced to adhere to the JoVE policy and the protocol section was reorganized to only 

use statements in the imperative tense. Portions of the protocol were either moved to a 

Supplemental Material or to the discussion to reduce the usage of ‘Notes’, and the discussion was 

reorganized to adhere to the editorial guidelines.  

 

We believe our responses should satisfy the reviewers and the editorial comments, and we note 

that the critique (and our responses) have improved the overall quality of the final manuscript.  We 

thus hope the revised paper is suitable for publication in the Journal of Visualized Experiments. 

 

If you have further questions, please do not hesitate to contact us.  

 

 

 

Sincerely Yours, 

 

Rodrigo M. Forti 

Rickson C. Mesquita 

  



RESPONSE TO REVIEWERS 
 

Reviewer #1: 
 

R1, Comment 1: “87 to 89: I suggest to rephrase this sentence, as the application of optics in intensive 

care unit using commercially available devices has been tested, and it is currently deemed to have not a 

sufficient sensibility for clinical usage (e.g. Leal-Noval et al.; Davies et al.). If the authors are referring to 

the capacity to read the values real-time on the monitors, then this feature should be better highlighted to 

the readers.” 

Response to 1:  As mentioned by the reviewer, the use of a standalone DOS system was previously 

compared to invasive brain tissue oxygen tension monitors, and DOS was deemed to not have sufficient 

sensibility to replace the invasive monitors. However, apart from using relatively small populations, the 

direct comparison of the invasive and non-invasive monitors may be flawed as each technique probe 

different parts of the cerebral vasculature. Even though these studies ultimately concluded that diffuse 

optics is not a replacement for the invasive monitors, in both studies mentioned by the reviewer DOS 

achieved a moderate-to-good accuracy, which may be sufficient for cases (or places) wherein invasive 

monitors are not available. The variability in accuracy presented by both studies can potentially be 

explained by systematic errors, probably due to calibration issues, as well as to the extracerebral influence 

on the optical signal. Note that all these issues can be ameliorated with further developments of the 

technique.  

TEXT CHANGES: To better discuss this important topic in the manuscript, we have included a 

new paragraph in the Introduction (lines 88-97): 

  

“The reliability of the diffuse optical techniques to provide valuable real-time information during 

longitudinal measurements as well as during clinical interventions remains largely unaddressed. 

The use of a standalone DOS system was previously compared to invasive brain tissue oxygen 

tension monitors, and DOS was deemed to not have a sufficient sensibility to replace the invasive 

monitors. However, apart from using relatively small populations, the direct comparison of the 

invasive and non-invasive monitors may be misguided as each technique probe different volumes 

containing different parts of the cerebral vasculature. Even though these studies ultimately 

concluded that diffuse optics is not a replacement for the invasive monitors, in both studies DOS 

achieved a moderate-to-good accuracy, which may be sufficient for cases and/or places wherein 

invasive monitors are not available.” 

 

R1, Comment 2: “97 to 99: please either put a reference or be more specific on the advantages of optics 

compared to the techniques mentioned.” 

Response to 2: The advantages of optics compared to the imaging techniques is related to the ability of 

simultaneously measuring both cerebral blood flow and cerebral oxygenation with a faster sampling rate. 

This was already stated in the introduction, but we have slightly reworded the paragraph to clarify the 

advantages of optics (lines 105-113). 

 

TEXT CHANGES: Lines 105-112 were changed to better emphasize the advantages of diffuse 

optics when compared to the traditional imaging techniques: 

 

“Optical techniques also have advantages when compared to other traditional imaging modalities, 

such as Positron-Emission Tomography (PET) and Magnetic Resonance Imaging (MRI). In 



addition to simultaneously providing direct measures of both CBF and HbO/HbR concentrations, 

which is not possible with MRI or PET  alone, optical monitoring also provides significantly better 

temporal resolution, allowing, for example, the assessment of dynamic cerebral autoregulation 40–

42 and the assessment dynamically evolving hemodynamical changes. Moreover, diffuse optical 

instrumentation is inexpensive and portable in comparison to PET and MRI, which is a critical 

advantage given the high burden of vascular disease in lower- and middle-income countries.” 

 

R1, Comment 3: “110: The name of the company which made the FD device should be mentioned. Also, I 

suggest citing the name of the authors/groups who first described this module (i.e. Fantini, Franceschini, 

Gratton)” 

Response to 3: We are sorry that we omitted this information in the Introduction. In the revised manuscript 

we have now included the company name for the relevant components of each module, together with 

citations to the pioneer studies about multi-distance FD-DOS (Fantini et al. 1994, Fantini et al. 1995). 

 

References: 

Fantini, S., Franceschini, M.A., Fishkin, J.B., Barbieri, B., Gratton, E. Quantitative determination of the 

absorption spectra of chromophores in strongly scattering media: a light-emitting-diode based technique. 

Applied Optics. 33 (22), 5204 (1994). 

 

Fantini, S., Franceschini, M.A., Maier, J.S., Walker, S.A., Barbieri, B.B., Gratton, E. Frequency-domain 

multichannel optical detector for noninvasive tissue spectroscopy and oximetry. Optical Engineering. 34 

(1), 32 (1995). 

 

TEXT CHANGES: Lines 120-124 now read: 

 

“The FD-DOS module (Imagent, ISS) 49, 50 consists of 4 photomultiplier tubes (PMTs) and 32 

laser diodes emitting at four different wavelengths (690, 704, 750 and 850 nm). The DCS module 

consists of a long-coherence laser emitting at 785 nm (DL785-120, CrystaLaser), 16 single-photon 

counters as detectors (SPCM-AQ4C, Excelitas) and a correlator board (Correlator.com).” 

 

R1, Comment 4: “150 to 152: there have to be taken, or are at least suggested, any precautions to reduce 

the ambient light in the ICU?” 

Response to 4: This is a valid and important question for diffuse optics applications. However, we do not 

expect ambient light to significantly affect the DCS and FD-DOS measurements. Ambient light is non-

coherent and is not expected to affect the shape of the auto-correlation functions from DCS, except for a 

small decrease in SNR. For FD-DOS, we are only concerned about the detection of light modulated at 110 

MHz, and thus the measured AC and phase changes should also not be affected by the room light. This is 

also an advantage of our hybrid system, as compared to standard commercial CW-NIRS systems that have 

been tested in clinical settings. Despite this fact, we agree that it is advisable to cover the optical probe with 

a black cloth or a black bandage to reduce measurement noise, and we have included a sentence in the 

protocol addressing this issue. 

 

TEXT CHANGES: We have included the following sentence in lines 225-227: 

 

“Although not strictly necessary for FD-DOS and DCS, it is advisable to cover the optical probe 

with a black cloth or black bandage to reduce noise due to ambient light..” 



 

R1, Comment 5: “193 to 196: was the elastic strap used to keep the probes in place (because the double-

sided tape is not strong enough to keep the probes in place) or to reduce the ambient light?” 

Response to 5: The elastic strap was used because the double-sided tape is not strong enough to keep the 

probes in place. To avoid further confusions, we have explicitly included this point in the protocol. 

 

TEXT CHANGES: The ‘NOTE’ after Step 3.3 (lines 229-232) in the protocol was rephrased to 

clarify why the elastic strap is necessary. 

 

“It is important to assure that the elastic strap is neither too tight, nor too loose. If the strap is too 

tight it may cause significant discomfort to the patient, and if the strap is too loose it may lead to 

poor data quality as the double-sided tape is not strong enough to keep the probes in place.” 

 

R1, Comment 6: “198 to 200: there is any advice if patients had a decompressive craniectomy and so 

more prone to increase the intracranial pressure if the elastic band is applied to them?” 

Response to 6: We share the reviewer’s concern about using an elastic strap on patients with decompressive 

craniectomies, and we have excluded these patients from our pilot study for this reason. Based on the 

reviewer’s and the editorial comments, we have included in the protocol the inclusion and exclusion criteria 

used in our study. Nonetheless, we think that in the future it may be possible to monitor this patient 

population by developing lighter probes and by using stronger double-sided tapes. 

 

TEXT CHANGES: We have included in the protocol the inclusion and exclusion criteria in the 

beginning of the Protocol section. 

 

“The protocol was approved by the local committee of the University of Campinas (protocol 

number 56602516.2.0000.5404). Written informed consent was obtained from the patient or a legal 

representative prior to the measurements. We monitored patients that were admitted to the Clinics 

Hospital at the University of Campinas with a diagnosis of either ischemic stroke or a subarachnoid 

hemorrhage affecting the anterior circulation. Patients with ischemic strokes affecting the 

posterior circulation, patients with decompressive craniectomies due to elevated intracranial 

pressure and patients with other neurodegenerative diseases (dementia, Parkinson's or any other 

disease that can be associated with cortical atrophy) were excluded from the study protocol.” 

 

R1, Comment 7: “325 to 326: a film of water due to the wiping of the probes or movements of the probes 

while wheeling out the device from the intensive therapy unit may change the calibration and make the 

assessment of the calibration done before the recordings inaccurate. Can you please explain why the 

assessment of the status of the calibration should not be done immediately after removing the probes from 

the patients?” 

Response to 7: We agree with the reviewer that the assessment of the status of the calibration is best done 

immediately after removing the probe from the patient. In the case studies presented in this work, we 

assessed the calibration status at the storage facility to move the system out of the ICU as quickly as possible 

due to space restrictions in the ICU. To emphasize that it is best to assess the calibration status directly after 

removing the probe from the patient, we have reorganized steps 6.5-6.8 from the protocol. 

 

TEXT CHANGES: Steps 6.5-6.8 from the protocol now reads: 

 



“6.5. Remove the probe from the patient's head and remove the double-sided tape from the 

probe. Then, clean the probe with sanitizing wipes. 

 

6.6. Repeat the measurement of the optical properties of each solid phantom as soon as possible 

to ensure the calibration remained adequate throughout the monitoring session (see step 4.2.2).  

 

NOTE: Ideally, the calibration step should be done right after removing the optical probes from 

the patient head (step 6.6). However, due to timing issues, in the examples presented in the next 

section this was done in the storage facility. 

 

6.7. Clean the system and its accessories with sanitizing wipes. 

 

6.8. Wheel the cart back to the storage room.” 

 

R1, Comment 8: “427: there has been done any proper co-registration process which would make it 

possible to correlate the optical signal to the patients' CT scan? If not, I suggest rephrasing into "presumed 

optical sensitivity region".” 

Response to 8: Thanks for bringing this misleading sentence to our attention. In fact, we have not done any 

registration process, and the highlighted area is a presumed sensitivity region. Per the reviewer suggestion, 

we have included the word ‘presumed’ in the legend of Figure 4. 

 

TEXT CHANGES: We have changed the legend of Figure 4 to include the word ‘presumed’: 

 

“The red areas in the CT images represent the presumed optical sensitivity region and the purple 

ellipse approximately shows the injury location.” 

 

R1, Comment 9: “461: I concur on stating the aims of the current paper in the discussion section. I would 

also suggest mentioning that the analysis of the accuracy of the values obtained using the tool described 

was one of the main objects of another paper from the same group, and they are not among the aims of the 

current paper. The description of the clinical cases only suggests that there is a relation between the values 

reported and the clinical status of the patient, and not that the values recorded are indeed the real values 

on patients.” 

Response to 9: We thank the reviewer for the very good suggestion, and the Discussion section was 

reorganized to account for this and other comments. 

 

TEXT CHANGES: To better discriminate between the current study and our previous publication, 

we have included in the Lines 463-468: 

 

“A previous study focused on the clinical aspects and the feasibility of optical monitoring during 

hospitalization in the neuro-ICU through a case report 9. The focus of this work is to detail relevant 

and innovative aspects related to real-time monitoring with diffuse optics. Specifically, this paper 

proposed a real-time GUI that provides clear and useful information for clinicians. The GUI allows 

for easy comparison of different time periods, which is important for interpreting clinically relevant 

data.” 

 

R1, Comment 10: “512 to 514: are the authors suggesting that the ICG can be used with their system to 

retrieve absolute clinical units? If so, please clarify. Also, the analysis of the ICG kinetics may be impaired 



by abnormalities in the macro and microcirculation following a brain injury, so its validity still has to be 

tested in TBI patients. If the authors want to mention this technique, also the presumed difficulties on the 

usage of it in brain trauma should be mentioned.” 

Response to 10: Although we have not personally implemented the ICG calibration method with our 

system, we wanted to acknowledge that previous studies in the literature used a similar FD-DOS system to 

recover the absolute cerebral blood flow with the ICG bolus method (Kohl-Bareis et al., 2002), and that it 

would be possible to calibrate our CBF measurement to standard clinical units by obtaining the calibration 

factor either from the literature or from a direct ICG FD-DOS measurement. However, we agree with the 

reviewer that it is important to mention the presumed difficulties of the ICG calibration method for brain 

trauma, and we have included a sentence in the last paragraph of the discussion to address this missing 

information. 

 

References: 

Kohl-Bareis, M., Obrig, H., Steinbrink, J., Malak, J., Uludag, K., Villringer, A. Noninvasive monitoring of 

cerebral blood flow by a dye bolus method: Separation of brain from skin and skull signals. Journal of 

Biomedical Optics. 7 (3), 464 (2002). 

 

TEXT CHANGES: We have included the following at the end of the last paragraph of the 

Discussion (lines 526-531), following the reviewer’s suggestion: 

 

“Last, the optical derived CBF has physical units (i.e., cm2/s) rather than the more usual clinical 

units (i.e., ml/100g of tissue/min). Some authors have proposed the use of indocyanine-green 

(ICG) to recover absolute CBF from DOS and to calibrate the CBF index from DCS to absolute 

clinical units 74–78. However, the accuracy of the calibration factor from ICG may not be 

directly translated to different situations due to abnormalities in the macro and microcirculation 

following brain trauma.” 

 

R1, Comment 11: “50: cerebral physiology seems a too broad description, I suggest to be more specific 

and list the values measured real-time (as they are clearly stated in the introduction).” 

Response to 11: We have rephrased this sentence per the reviewer’s suggestion. 

 

TEXT CHANGES: Lines 47-49 from the abstract now reads: 

 

“Here, we report the translation of a diffuse optical system for continuous real-time monitoring of 

cerebral blood flow, cerebral oxygenation, and cerebral oxygen metabolism during intensive 

care.” 

 

R1, Comment 12: “80 to 82 and 99 to 102: I cannot see the purpose of the description of the capacity to 

assess the cerebral autoregulation using optics since this value has not been considered among the real-

time parameters displayed by the device.” 

Response to 12: It is true that we have not addressed the real-time calculation of cerebral autoregulation 

using optics in this work, mainly because we did not have access to a continuous monitor of blood pressure 

(BP). However, we included this information to highlight the full capacity of diffuse optics for clinical 

applications. In the future it is possible to include the real-time assessment of cerebral autoregulation in our 

proposed GUI by including a continuous BP monitor in the protocol. This can be accomplished either by 



feeding the values from the clinical monitors directly to our system (e.g., via an ethernet cable), or by using 

a standalone BP monitor. 

 

TEXT CHANGES: To emphasize that cerebral autoregulation can only be assessed with a BP 

monitor, we have changed the sentence from lines 78-81: 

 

“When continuous blood pressure monitoring is also available, diffuse optics can be additionally 

used to monitor cerebral autoregulation, both in healthy and in critically ill subjects 11, 40–42, as 

well to assess the critical closing pressure of the cerebral circulation 43.” 

 

R1, Comment 13: “441:the definition of "complete optical system" seems unprecise while I would refer to 

it as a hybrid system compounded by FD- DOS and DCS, as done in the introduction (phase 110)” 

Response to 13: We have followed the reviewer’s suggestion and rephrased it as a ‘hybrid optical system’. 

 

TEXT CHANGES: Following the Reviewer’s suggestion we have rephrased the first sentence of 

the Discussion (lines 460-462): 

 

“This paper presented a hybrid optical system that can provide real-time information about 

cerebral blood flow, cerebral oxygenation, and cerebral oxygen metabolism of neurocritical 

patients at the beside.” 

 

R1, Comment 14: “461: the description of "full […] system" seems unprecise, please rephrase.” 

Response to 14: This sentence was removed from the reorganized Discussion. 

 

TEXT CHANGES: No text changes were made due to this comment. 

 

 

 

  



Reviewer #2: 
 

R2, Comment 1: “How to minimize the ambient light influence on DOS and DCS measurements, or in 

other words, will the optical measurements be affected by the environmental noise?” 

Response to 1: This is a valid and important question for applications of diffuse optics. However, we do 

not expect ambient light to significantly affect the DCS and FD-DOS measurements. Ambient light is non-

coherent and is not expected to affect the shape of the auto-correlation functions from DCS, except for a 

small decrease in SNR. For FD-DOS, we are only concerned about the detection of light modulated at 110 

MHz, the measured AC and phase changes should also not be affected by the room light. Experimentally, 

we have not observed a significant effect of ambient light in the detected measures we use (in fact, it can 

affect the DC light intensity in FD-DOS but this is not used in our analysis). This is also an advantage of 

our hybrid system, as compared to standard commercial CW-NIRS systems that have been tested in clinical 

settings. Despite this fact, we agree that it is advisable to cover the optical probe with a black cloth or a 

black bandage to reduce measurement noise, and we have included a sentence in the protocol addressing 

this issue. 

 

TEXT CHANGES: We have included the following sentence in lines 225-227: 

 

“Although not strictly necessary for FD-DOS and DCS, it is advisable to cover the optical probe 

with a black cloth or black bandage to reduce noise due to ambient light.” 

 

R2, Comment 2: “Is the data analysis approach (i.e., a semi-infinite model of the head to fit the DCS 

autocorrelation curves) fast enough to output the real-time blood flow curve?” 

Response to 2: Our real-time data analysis is fast enough to output the real-time blood flow, even when 

using the faster sampling rates achieved with software correlators; the real-time fitting process takes less 

than 50ms. In fact, in a recent study from our group, we have developed a simpler but similar GUI capable 

of displaying the real-time blood flow changes measured by a DCS system that uses a software correlator 

(Forti et al., Journal of Stroke and Cerebrovascular Diseases, 2019).  

 

References: 

Forti, R.M. et al. Transcranial Optical Monitoring of Cerebral Hemodynamics in Acute Stroke Patients 

during Mechanical Thrombectomy. Journal of Stroke and Cerebrovascular Diseases. 28 (6), 1483–1494 

(2019) 

 

TEXT CHANGES: We have included a sentence in the last paragraph of the Introduction (lines 

138-140) to highlight the speed of the real-time analysis algorithm: 

 

“). The real-time analysis pipeline developed within the proposed GUI is fast and takes less than 

50 ms to compute the optical parameters (see the Supplementary Material for more details).” 

 

We have also included a sentence describing that it is straightforward to translate our real-time 

analysis to DCS systems based on software correlators in the discussion section (lines 469-472). 

 

“The implementation of the GUI presented here can be easily translated for DCS system based on 

a software-correlator with the caveat that the real-time display frequency must be limited to ~20 

Hz. Real-time averaging of the autocorrelation curves can be used to down sample faster 

acquisition rates.” 



Reviewer #3: 
 

R3, Comment 1: “While the FD-NIRS instrument is a commercial instrument, for which a handbook would 

be supplied if ordered, the description of calibration and data quality check is not sufficient for actually 

using the instrument.” 

Response to 1: We are sorry that our description of the calibration and data quality check for the FD-DOS 

module was not sufficient. We have changed most of the calibration steps for the FD-DOS module to better 

describe the necessary steps, and we have included a few sentences in the Discussion highlighting the 

necessity for the calibration. We would like to emphasize that a calibration step is not necessary for the 

DCS module, and that we have described the issues commonly encountered when using DCS in the first 

paragraph of representative results section.  

 

TEXT CHANGES: The description of the calibration and data quality for FD-DOS was 

completely rephrased in Steps 2.2-2.3 (please see revised manuscript for details). We have also 

included a discussion about the calibration steps of the FD-DOS in the discussion (lines 483-492): 

 

“The most critical step for a FD-DOS measurement is the calibration procedure that is necessary 

to compare the AC and phase changes from different fibers (Section 2 of the protocol). A poor 

calibration of a FD-DOS system can lead to large errors in the retrieved values of the optical 

properties of the tissue, which will affect the accuracy of both the cerebral oxygenation and 

cerebral blood flow values. Of importance, the protocol proposed in this study focus in an optical 

probe for FD-DOS that contains a single PMT and multiple light sources. The calibration 

procedure described here needs to be modified for experiments utilizing multiple detectors. For 

studies using multiple detectors, the bias voltage of the PMT should not be changed during the 

calibration procedure, and thus a careful selection of the optical properties of the calibration 

phantoms is necessary.” 

 

R3, Comment 2: “The DCS system is not described in enough detail to actually build and operate the 

system. While other papers describe the layout of the instrument, this article should focus on actually 

building it or describing a path for obtaining an instrument, such as from ISS or Hemophotonics.” 

Response to 2: Although building a DCS system was not the focus of this paper, we have increased the 

details of components required to construct a DCS module in the Table of Materials.  

 

TEXT CHANGES: We now indicate in the Table of Materials every component necessary to build 

a DCS module. 

 

R3, Comment 3: “The GUI developed is a nice addition for analysis and display of data. However, it is 

not clear if the GUI is compatible with other forms of DCS systems, such as software correlator based, and 

how one could obtain the GUI. Overall, while the paper describes how to in principle apply a FD-NIRS 

probe and DCS probe and what to expect from the data, the description is not detailed enough, and it is 

questionable whether the protocol is generalizable.” 

Response to 3: Respectfully, we partially agree with the reviewer’s concern that our protocol may be not 

generalizable. Although the protocol may need some minor changes for studies aiming specific goals 

different than ours, the general idea and steps of the protocol described in this work will remain the same. 

When using different systems, especially different DOS systems, the calibration steps of the protocol needs 

to be adjusted to the specificities of the system being used. However, the calibration steps are usually well 

described by the diffuse optics manufacturers. The best we can do is to make sure that the calibrated 



versions of each system provide accurate values when compared to standard phantoms, as was proposed in 

a series of publications (Pifferi et al. 2005, Wabnitz et al. 2014a, Wabnitz et al. 2014b, Pifferi et al. 2015).  

 

Regardless of small changes in the calibration of the protocol, the GUI that we introduce in this work is 

based on LabView and it is responsible for controlling the system as well as displaying the data. Thus, to 

use our GUI with different systems (such as DCS systems with software correlators or other DOS systems) 

some modifications to the back-end software will certainly be required. However, independently of the 

system used, the general idea of the front-panel does not need to be changed. In fact, we have previously 

developed a similar GUI for a hybrid system combining a software correlator DCS and a time-domain DOS 

system. 

 

References: 

Pifferi, A. et al. Performance assessment of photon migration instruments: The MEDPHOT protocol. 

Applied Optics. 44 (11), 2104–2114 (2005). 

 

Wabnitz, H. et al. Performance assessment of time-domain optical brain imagers, part 1: basic instrumental 

performance protocol. Journal of Biomedical Optics. 19 (8), 086010 (2014a). 

 

Wabnitz, H. et al. Performance assessment of time-domain optical brain imagers, part 2: nEUROPt 

protocol. Journal of Biomedical Optics. 19 (8), 086012 (2014b). 

 

Pifferi, A. et al. Mechanically switchable solid inhomogeneous phantom for performance tests in diffuse 

imaging and spectroscopy. Journal of Biomedical Optics. 20 (12), 121304 (2015). 

 

TEXT CHANGES: We have included in the discussion a sentence describing that the real-time 

analysis from the GUI developed for our protocol can be translated to DCS systems based on 

software correlators (lines 469-472). 

 

“The implementation of the GUI presented here can be easily translated for DCS system based on 

a software-correlator with the caveat that the real-time display frequency must be limited to ~20 

Hz. Real-time averaging of the autocorrelation curves can be used to down sample faster 

acquisition rates.” 

 

R3, Comment 4: “Laser safety: The DCS laser is 3B. Please describe the laser safety procedures and laser 

safety goggles for subjects.” 

Response to 4: We are sorry we have not included this information in the initial version of the manuscript. 

We have now included in the Protocol the placement of an optical safety googles (step 3.3), and instructed 

the user to turn off the lasers before placing the probe on the subjects. We have also highlighted that the 

DCS laser is 3B and hazardous for eye exposure. 

 

TEXT CHANGES: We have included the placement of an optical safety google on Step 3.3 of the 

protocol: 

 

“3.3. Place a laser safety googles on the subject.” 

 



The protocol now instructs the users to only turn the lasers on after it is attached to the patient’s 

forehead (Step 3.5). We have also added a ‘CAUTION’ note after Step 3.5 to emphasize that the 

DCS laser is hazardous for eye exposure. 

 

“3.5. After the probe is properly secured to the patient forehead, turn on the DCS laser by 

switching the key to the ‘ON’ position.  

  

CAUTION: The DCS system uses a Class 3B laser which is hazardous for eye exposure. It is very 

important to only turn on the lasers when the probe is properly attached to the patient’s forehead.” 

 

R3, Comment 5: “Calibration of ISS: The detector optimization should be based on optical properties of 

the patient, not the phantom alone. It may be that the detectors are saturating on the patient in which case 

the calibration has to be repeated. This statement is based on assuming the authors use multiple detectors 

rather than multiple sources. Please clarify. Overall, the calibration step is a bit simplified. A discussion 

on the importance of the calibration would be good, otherwise the results will be faulty.” 

Response to 5: We agree with the reviewer that when working with multiple detectors the detector 

optimization must be based on the optical properties of the patient. However, in the protocol proposed in 

this study, we employed a single detector and multiple sources, which facilitates the calibration procedure. 

We also agree with the reviewer that a discussion about the importance of the calibration was lacking, and 

we have included a brief discussion about the calibration procedure. 

 

TEXT CHANGES: We have included in the manuscript a brief discussion about the calibration 

procedure (lines 483-492): 

 

“The most critical step for a FD-DOS measurement is the calibration procedure that is necessary 

to compare the AC and phase changes from different fibers (Section 2 of the protocol). A poor 

calibration of a FD-DOS system can lead to large errors in the retrieved values of the optical 

properties of the tissue, which will affect the accuracy of both the cerebral oxygenation and 

cerebral blood flow values. Of importance, the protocol proposed in this study focus in an optical 

probe for FD-DOS that contains a single PMT and multiple light sources. The calibration 

procedure described here needs to be modified for experiments utilizing multiple detectors. For 

studies using multiple detectors, the bias voltage of the PMT should not be changed during the 

calibration procedure, and thus a careful selection of the optical properties of the calibration 

phantoms is necessary.” 

 

R3, Comment 6: “The table of materials is lacking a lot of details. If one were to try to build a DCS system, 

many more components would be needed. Also missing: fibers for ISS and DCS; probe (if 3D printed, 

please provide cad file); switch between the two systems; GUI access” 

Response to 6: We have updated the Table of Materials with all the components necessary to build and use 

the proposed system. 

  

 TEXT CHANGES: Please see the revised version of the Table of Materials. 

 

R3, Comment 7: “It is not clear why real-time analysis is necessary. Also, is real-time analysis possible 

if a software correlator would be used with much higher sampling frequency? Clearly the analysis shouldn't 

have to be done offline, but real-time may not be necessary.” 



Response to 7: We believe that the portability and the real-time capabilities of diffuse optics is one of the 

major advantages of the technique when compared to other clinically available techniques. In the future, 

with more validation studies, we envision that diffuse optics can be used to guide therapy in real-time, 

during the patient management in the ICU as well as during clinical interventions (e.g., carotid 

endarterectomy, endovascular treatment of stroke, etc). In fact, our real-time analysis can be used with a 

software correlator, albeit with a reduced sampling frequency; our algorithm has an upper limit on the 

display frequency of real-time values of approximately 20 Hz, whereas software correlators can go as fast 

as 100 Hz. We have also included a sentence indicating that the real-time analysis of our system is 

compatible with software correlators. 

 

TEXT CHANGES: We have included a sentence describing that the real-time analysis from our 

GUI can be easily translated to DCS systems based on software correlators and that the real-time 

information provided by diffuse optics has potential to guide therapy, potentially improving patient 

outcome (lines 469-473). 

 

“The implementation of the GUI presented here can be easily translated for DCS system based on 

a software-correlator with the caveat that the real-time display frequency must be limited to ~20 

Hz. Real-time averaging of the autocorrelation curves can be used to down sample faster 

acquisition rates. In the future, real-time information provided by the proposed protocol may be 

used to guide therapy, potentially improving the clinical outcome of neurocritical patients.” 

 

R3, Comment 8: “What are the sampling frequencies of the two systems?” 

Response to 8: The maximum sampling frequency of the DCS system is 3 Hz, while the sampling 

frequency of the FD-DOS is 10 Hz. The combined sampling frequency is variable and depends on the SNR 

requirements of the experiment: longer averaging time will increase the SNR of the measurement but will 

reduce the sampling frequency. In the examples presented in this work, the total acquisition time was 

approximately 5 s. 

 

 TEXT CHANGES: We have described the sampling frequency of each module on lines 124-125:

  

“The sampling frequency for the FD-DOS module is 10 Hz, and the maximum sampling frequency 

for the DCS module is 3 Hz.” 

 

We have also included a sentence describing the overall sampling frequency of the proposed hybrid 

optical system (lines 129-131): 

 

“In total, the proposed system can collect one combined FD-DOS and DCS sample every 0.5 to 5s, 

depending on the signal-to-noise ratio (SNR) requirements (longer collection times leads to better 

SNR).” 



 

R3, Comment 9: “How are the two systems synchronized and which sampling rate is used for cmro2 

calculation?” 

Response to 9: As described in the introduction, the acquisition process is controlled by a microcontroller 

that interleaves the measurements of each system. The synchronization of each module is achieved by time-

tagging the start of the measurement cycle from each system. The sampling rate of the CMRO2 calculation 

is the same as the total sampling frequency of the system and it can vary between 0.5 to 5s, depending on 

the SNR requirements. 

 

TEXT CHANGES: No text changes were made due to this comment. 

 

R3, Comment 10: “Introduction: The authors say ms and ns for the 2 systems. That should be changed to 

seconds and milliseconds. Unless these were really just referring to sampling frequencies, in which case it 

is still misleading. Please clarify.” 

Response 10: The references to ms and ns for the 2 modules refers to the timescale of the light intensity 

changes that each technique is trying to quantify. FD-DOS measures the AC and phase changes of the 

diffusely reflect light in the scale of tens to hundreds of ms (which is the same as the acquisition time). On 

the other hand, DCS measures the fast fluctuations in light intensity, from less than 1 𝜇𝑠 up to tens of ms, 

by varying the delay-time in the autocorrelation computations. Note that the sampling time for DCS will 

be longer than the largest delay-time used in the auto-correlation computation. To better clarify this point, 

we have slightly rephrased lines 63-68 in the introduction. 

 

TEXT CHANGES: To clarify the issue raised by the reviewer, we have modified lines 64-68, and 

it now reads as follow: 

 

“By measuring the slow changes (i.e., on on the order of of tens to hundreds of ms) of the diffusively 

scattered near-infrared light (∼ 650-900 nm) from the scalp, diffuse optical spectroscopy (DOS) 

can measure concentrations of the main chromophores in the brain, such as cerebral oxy- (HbO) 

and deoxy-hemoglobin (HbR) concentrations  12, 13. Additionally, it is possible to measure cerebral 

blood flow (CBF) with diffuse correlation spectroscopy (DCS) 10, 14–17 by quantifying the rapid 

fluctuations in light intensity (i.e., on the order of from a few nμs to a few ms) one can also assess 

cerebral blood flow (CBF) with diffuse correlation spectroscopy (DCS) 10, 14–17.” 

 

R3, Comment 11: “How were the two systems combined such that the 785 nm laser didn't interfere with 

the ISS? If the detectors were switched on an off on the ISS, did that cause artifacts? Or if filters were used, 

which narrowband filter was used that was strong enough for 785 nm?” 

Response to 11: As described in the response to the reviewer’s comment 9 and in the Introduction section, 

the two systems acquired data sequentially, therefore we sequentially turned the lasers from each system 

on and off, as well as the FD-DOS detectors. The switching of the FD-DOS from the ISS is not expected 



to cause artifacts, and the ability to switch the detectors is provided by the company. To better clarify the 

measurement process, we have slightly clarified the last paragraph in the introduction. 

 

 TEXT CHANGES: Lines 127-134 were rephrased to better clarify the measurements process: 

 

“The microcontroller is responsible for turning the FD-DOS and DCS lasers on and off, as well as 

the FD-DOS detectors to allow interleaved measurements of each module. In total, the proposed 

system can collect one combined FD-DOS and DCS sample every 0.5 to 5s, depending on the 

signal-to-noise ratio (SNR) requirements (longer collection times leads to better SNR). To couple 

the light to the forehead, we developed a 3D-printed optical probe that can be customized for each 

patient (Figure 1-B), with source-detector separations varying between 0.8 and 4.0 cm. The 

standard source-detector separations used in the examples presented here are 2.5cm for DCS and 

1.5, 2.0, 2.5 and 3.0 cm for FD-DOS.” 

 

R3, Comment 12: “Protocol: Why would you warm up the system before fibers are attached? How do you 

make sure the lasers aren't shining into the room? What do you mean the fibers are disconnected for safety 

reasons?” 

Response to 12: The warm-up steps in the protocol were written in the wrong order, and we are sorry about 

this. We only turn on the lasers after the fibers are attached, and we make sure the fiber tips are covered 

during all time. We always disconnect fibers to avoid them being damaged during storage, as the cart used 

to move the system does not have a front door to protect the optical system from accidental damage. 

 

TEXT CHANGES: We have reordered the first section of the Protocol, and we have added a few 

sentences to highlight the points raised by the reviewer. Steps 1.1-1.3 are now written as: 

 

“1.1. Connect all the fibers to the relevant lasers and detectors, and make sure they are properly 

attached to the optical probe (Figure 1-B).  

 

1.2. Check that optical probe is covered with a black cloth to avoid the lasers shining in the 

room. 

 

1.3. Turn the system power switch to the ‘ON’ position. After powering the system, wait 30s 

and then turn the DCS laser key switch to the ‘ON’ position. The FD-DOS lasers are automatically 

turned on when the system is powered.” 

 

R3, Comment 13: “What source detector distances are used? What should they be based on subjects (kids 

vs adults)?” 

Response to 13: We are sorry for not clearly providing the source-detector separation information. In the 

examples presented in this study, we used a source-detector separation of 2.5 cm for DCS and 1.5, 2.0, 2.5 



and 3 cm for FD-DOS. This work was only focused on adults and thus we have not described the required 

differences in the source-detector separations for measurements in infants (see Dehaes et al. Biomed.  Opt. 

Express, 2011 for a discussion about this issue for FD-DOS). However, we included a brief discussion 

about the proper selection of the source-detector separations in the Discussion section. 

 

References: 

Dehaes, M., et al.. Assessment of the frequency-domain multi-distance method to evaluate the brain optical 

properties: Monte Carlo simulations from neonate to adult. Biomedical Optics Express, 2(3), 552. (2011) 

 

TEXT CHANGES: To explicitly describe the source-detector separations used in this study, we 

have added a sentence in lines 133-134: 

 

“The standard source-detector separations used in the examples presented here are 2.5cm for DCS 

and 1.5, 2.0, 2.5 and 3.0 cm for FD-DOS.” 

 

We have also included a Discussion about the choices of the source-detector separations in the 

Discussion section (lines 474-483): 

 

“This work also proposes the use of a customizable optical probe that can address different settings 

and therefore suit different purposes and needs for clinicians. The proper selection of the source-

detector separation is a critical step for maximizing the cerebral sensitivity of diffuse optics. In 

most cases, an optimal probe for DCS measurements in adults should have at least a short (< 1cm) 

and a long (> 2.5 cm) source-detector separation. The long source-detector separation was shown 

to provide the best compromise between signal-to-noise ratio (SNR) and cerebral sensitivity 12, 14, 

16, while the short separation is mostly sensitive to the extra-cerebral tissues and is useful to 

differentiate the extra-cerebral changes from cerebral changes 12, 16. For FD-DOS, a simple probe 

that provides a reasonable compromise between SNR and cerebral sensitivity in adults contains 4 

source-detector separations (1.5, 2.0, 2.5 and 3.0 cm) 58.” 

 

R3, Comment 14: “Battery: Does the Imagent really have a battery that would allow operation? If not, 

make this clear.” 

Response to 14: The Imagent module does not have a battery that allow operation, but we have included a 

small auxiliary battery to allow the whole system to be kept powered on for up to 45 minutes. This is enough 

time to keep the system powered on during transport. We have now included the battery model number in 

the Table of Materials. 

 

TEXT CHANGES: We have included the auxiliary battery model number in the Table of 

Materials. Please see the revised version of the Table of Materials. 

 



R3, Comment 15: “Can the authors add a bit more information about what motion looks like in order to 

help someone less familiar with the signals?” 

Response to 15: This is a very good question raised by the reviewer. In general, a motion artifact will 

produce very fast spikes in the cerebral blood flow and cerebral oxygenation curves, sometimes coupled to 

a fast change in the baseline values. It is not a simple task to visually identify motion artifacts, and in our 

opinion, it is best to include motion sensors in the optical probes for measurements when a lot of movement 

is expected. Nonetheless, for monitoring neurocritical patients, which are usually sedated, we think that 

motion artifacts should not be a big issue, apart for periods during patient physical manipulations (which 

are best excluded from the analysis to avoid misinterpretation of the data). In the example presented in this 

study, although there may have been meaningful physiological oscillations during the manipulation of the 

patient, we could not precisely mark the timing of each head movement and we did not have a motion 

sensor in our optical probe. Thus, to avoid misinterpretation of the data, we opted classify this period as an 

artifact.  

 

TEXT CHANGES: Lines 355-357 were rephrased to avoid mislabeling the artifacts induced by 

the patient motion: 

 

“The patient motion induced by the intervention clearly disturbs the optical signal, which leads to 

the unphysiological spikes in the optical parameters; therefore, it is hard to attribute any 

physiological meaning to these changes.” 

 

R3, Comment 16: “The authors are describing the placement of two probes, but the protocol only talks 

about one probe for calibration. This should be clarified / the protocol amended.” 

Response to 16: We have not described the placement of two probes. Instead, we described the placement 

of the same one probe in two different regions of the brain for sequential measurements in different ROIs. 

To better clarify this point, we have rephrased the relevant protocol steps. 

 

 TEXT CHANGES: We have reworded step 4.6: 

 

“4.6. Collect data in the first ROI for as long as required by the protocol. If necessary, move the 

probe to the other ROIs and repeat the measurement. 

 

NOTE: The monitoring period may vary depending on the study goals.” 

 

R3, Comment 17: “Figure 1B: which holes are sources and which ones are detectors? What was 

spacing?” 

Response to 17: Thanks for bringing this issue to our attention. We have modified Figure 1 to better clarify 

the probe layout. 

 



TEXT CHANGES: We have modified Figure 1 to describe which holes are sources and which 

ones are detectors. We have adjusted the Figure Legend accordingly: 

 

“Figure 1 - The optical environment developed to monitor patients inside an intensive care unit. 

(A) The hybrid diffuse optical system combines a frequency-domain diffuse optical spectroscopy 

(DOS) module and a diffuse correlation spectroscopy (DCS) module. (B) The customizable probe 

proposed in this study has as a default 4 source-detector  separations (0.7, 1.5, 2.5 and 3.0 cm) for 

DCS and 4 source-detector separations for DOS (1.5, 2.0, 2.5 and 3.0 cm). For simplicity, the 

examples presented here only used the 2.5cm source-detector separation for DCS. (C) The real-

time graphical user interface (GUI) controls the diffuse optical system, and displays the measured 

cerebral blood flow (CBF), the oxygen extraction fraction (OEF) and the cerebral metabolic rate 

of oxygen (CMRO2) in real-tiime, both within a 5-minute time window (left panels), and within a 

2-hour time window (right panels). On the bottom of the GUI, the researcher can press buttons to 

start and stop the data collection, to acquire a baseline period for comparison and to mark any 

relevant intervention(s).” 

 

 

  



Reviewer #4: 

 

R4, Comment 1: “I understand that there is little difference between this paper and the previous paper 

from the authors: Forti et al., Frontiers in Medicine (10.3389/fmed.2020.00147). Please state in the 

manuscript that this manuscript is based on the previous publication.” 

Response to 1: Although there are similarities between this work and the paper previously published, the 

main goals of each paper are intrinsically different. Our previous work was focused on the clinical aspects 

of an interesting case-study of a patient monitored throughout hospitalization, which also demonstrated the 

feasibility of employing diffuse optical methods to longitudinally monitor patients in the neuro-ICU. The 

focus of this work is to introduce the methods developed for monitoring neurocritical patients in the ICU; 

we aimed to detail relevant and innovative aspects related to the real-time monitoring with diffuse optics 

and the control software we developed specifically for the neuro-ICU. As far as we are aware, this has not 

been published elsewhere. Nonetheless, we acknowledge there are overlaps, and we included a few 

sentences in the Discussion section stating that this work is a publication explaining the methodology 

behind the previously published case-study. Note that the present work tries to present a methodology that 

can be applied to different cases, as we trying to describe a more general protocol for neurocritical 

monitoring. 

 

TEXT CHANGES: We now clearly state that the main goal of this study and our previous 

publication are intrinsically different: 

 

“A previous study focused on the clinical aspects and the feasibility of optical monitoring during 

hospitalization in the neuro-ICU through a case report 9. The focus of this work is to detail relevant 

and innovative aspects related to real-time monitoring with diffuse optics. Specifically, this paper 

proposed a real-time GUI that provides clear and useful information for clinicians.” 

 

R4, Comment 2:  “Line 65 and 85. Please limit the number of references to a few, most important. Linking 

18! references to one sentence is not acceptable.” 

Response to 2: We were genuinely trying to be as inclusive as possible in listing previous contributions 

from different research groups rather than our own. We have changed the references from that sentence and 

included only the relevant literature reviews. 

 

R4, Comment 3: “Why did not author conduct any regression, especially when they have values measured 

at short source-detector separation? Please explain.” 

Response to 3: To properly remove the extracerebral influences from FD-DOS and DCS, a simple 

regression is not sufficient, and a multi-layer approach would be more appropriate. Here, we are interested 

in highlighting the real-time feature of the system developed and showing that the absolute values of optical 

parameters that we get with the simplest approach shows that the technique can be useful in real-time. The 

use of multi-layer methods is more complicated and requires further validation of the algorithms. This is 



currently a topic of discussion in the diffuse optics community and will be the subject of future studies. The 

issue of using better modelling methods to remove the extracerebral influences was already highlighted in 

the last paragraph of the discussion. 

 

 TEXT CHANGES: No text changes were made due to this comment. 

 

R4, Comment 4: “Figure 3(b) Are the oscillation in the shaded area just movement artifacts? Please 

clarify?” 

Response to 4: As stated in the representative results section, during this period the clinicians were 

suctioning the patient’s bronchial and oral secretions, which is expected to induce movement artifacts due 

to head movements. Although there may have been meaningful physiological oscillations during that time, 

we could not precisely mark the timing of each head movement and we did not have a motion sensor in our 

optical probe. Thus, to avoid misinterpretation of the data, we opted classify this period simply as an artifact. 

To clarify this issue, we have rephrased the description of this case in the revised manuscript. 

 

TEXT CHANGES: Lines 355-357 were rephrased to avoid mislabeling the artifacts induced by 

the patient motion: 

 

“The patient motion induced by the intervention clearly disturbs the optical signal, which leads to 

the unphysiological spikes in the optical parameters; therefore, it is hard to attribute any 

physiological meaning to these changes.” 

 

R4, Comment 5: “Figure 3. Why CMRO2 have no units? Is it some relative change in CMRO2? If yes, 

please change the y-axis label.” 

Response to 5: The unit of CMRO2 is meaningless as we do not have access to the absolute blood flow 

values in clinical units. Thus, we opted to ignore the units of CMRO2. 

 

 TEXT CHANGES: No text changes were done due to this comment. 

 

R4, Comment 6:  “Reference 82 is dated. Please update it with more recent work: Khalid et al. Biomedical 

Optics Express, 10(9), 2019 (10.1364/BOE.10.004607)” 

Response to 6: We believe that it is important to highlight the pioneer studies, and thus we have just 

included the updated reference as an additional citation. 

 

TEXT CHANGES: We have included the citation suggested by the reviewer in the last paragraph 

of the discussion. 


