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Philip Steindel, Ph.D.
Review Editor
JoVE

Re: Manuscript revision (JoVE 58902)

Dear Dr. Steindel,

We thank you for your efforts on our behalf. We also thank the Reviewers for their insightful comments, and the time they invested in reviewing our manuscript.

We have revised the manuscript to address the Editorial and Reviewers’ comments and we provide a point-by-point response in the following pages. We have uploaded copies of the final manuscript in both MS Word and PDF formats, and both unmarked (JoVE58902R1) and marked up (JoVE58902R1_MARKED) versions.

We believe that the manuscript has been strengthened as a result of the feedback, and as such, we look forward to its publication.

Best regards,
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Masaru P. Rao
Associate Professor
Department of Mechanical Engineering
Department of Bioengineering (Participating Faculty)
Materials Science & Engineering Program (Core Faculty)
University of California, Riverside
Tel: (951) 827-5870
Email: mprao@engr.ucr.edu
URL: http://www.engr.ucr.edu/~mprao


Editorial and Reviewers’ comments and Author responses (JoVE 58902)

The Editorial and Reviewers’ comments are italicized below. They are included verbatim and in their entirety. Our corresponding responses are bolded.

Editorial comments and Author responses:
“1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.”
Done.

“2. Please provide an email address for each author.”
Done.

“3. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, dashes, or indentations.”
Done. Please note that this required wholesale revision of the protocol section. As such, the other changes made in this section in response to the Editorial & Reviewer’s comments are not distinguishable from the original text in the marked up copy of the revised manuscript (i.e., entire protocol section is marked as changed).

“4. Please revise the protocol to contain only action items that direct the reader to do something (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.” Please include all safety procedures and use of hoods, etc. However, notes should be used sparingly and actions should be described in the imperative tense wherever possible.”
Done.
	
“5. Please add more details 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. 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. See examples below:
“1.1: Unclear what we can film here. Please describe the specific actions that are being performed here, otherwise please do not highlight this step for filming.”
We have elected to remove the CAD model design and 3D printing portions from the filming segment to allow for more detailed elaboration of the other aspects of the protocol. 

“Line 120: Is the ratio by weight or by volume? Please specify the volume/mass of the mixture prepared here.”
We have provided further details in this regard in Section 2.1.1 of the revised manuscript.

“Line 140: Please describe how to confirm fidelity. What are observed here?”
We have provided further details in this regard in Section 2.4 of the revised manuscript.

“3.2: How many fluorescent polystyrene beads are added and where are they added?”
We have provided further details in this regard in Section 3.2 of the revised manuscript.

“Line 166: What is used to capture an image?”
We have provided further details in this regard in Section 5.1 of the revised manuscript.

“Line 211: What detergent is used? Please also mention the sonication power used.”
The detergent (Alconox) was specified in the Table of Materials document included in the original manuscript package. However, this may have been missed, since the table’s description column was pushed to the second page of the document.

Sonication power is not user-definable for the ultrasonic cleaner used herein. However, the stated maximum sonication power for this system is 70 W. We have provided further details in this regard in Section 5.4.1 of the revised manuscript.

“6. Lines 157-163, 188-208, etc.: The Protocol should contain only action items that direct the reader to do something. Please write the text in the imperative tense and move the discussion about the protocol to the Discussion.”
Done.

“7. Lines 214-280: Software must have a GUI (graphical user interface) and software steps must be more explicitly explained ('click', 'select', etc.). Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc.) to your protocol steps.”
We have provided further details in this regard wherever appropriate in the protocol of the revised manuscript.

“8. Please include single-line spaces between all paragraphs, headings, steps, etc.”
Done.

“9. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 pages or less 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.”
Done.

“10. 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.”
Done.

“11. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.”
Done.

“12. JoVE article does not have a Conclusion section. Please move information in the Conclusion section to Results or Discussion section.”
This portion was eliminated, to reduce redundancy.


REVIEWER #1 comments and Author responses:
 “Manuscript Summary:
This manuscript presents a protocol for the evaluation of vascular flows in vitro. The protocol description comprises 3 major blocks: (1+2) Fabrication of the phantom, (3) preparation of the working fluid, (4) Video recording, and (5) Particle Image Velocimetry (PIV) analysis.
The part of mold fabrication (1+2) is interesting and provides numerous practical insights and advices, the preparation of the working fluid and recording (3+4) is more standard but can be useful. The PIV analysis (5) is less accurate and includes arbitrary subjective choices.”

“Major Concerns:
My major concern is that the protocol describes in depth some steps of a more complete procedure, where some parts are not mentioned, some are faced very superficially while some others are analyzed in depth. I think that this structure can be misleading.
In summary, I advise to limit the protocol to phantom fabrication (1+2) with indication of image recording (3+4). Possibly mentioning how this fits into a complete in-vitro modelling of vascular systems (which include, at least, imaging/design, circulation system).”

“Below are my detailed comments:”

“1) The part of PIV analysis combines pre-filtering of images, regular PIV calculation (performed by an external package) and post-filtering/validation of the results. I find this part very superficial and not useful. There are numerous PIV packages available (that include pre/post filtering) whose optimization depends on numerous details, including image properties and calculation objectives, that cannot be covered here.
Therefore, I suggest to remove this part and simply refer to a general PIV processing. Otherwise, if authors want to keep this part, I suggest that they present it as made of 3 sub-phases. One is pre-filtering (5.1, where they clarify that and their choices are possible proposal -not necessarily the optimal- among numerous others). A second is PIV calculation (where cross-correlation is one option, while there are others that more now common because better performing). The third is validation or filtering of results (NMT is one option -not necessarily the optimal- among many others).”
The image analysis section of the Protocol has been reformatted as suggested in the revised manuscript. In the Discussion section, we have also clarified that each of the methods described represents just one of several potential options. While we agree that other techniques may achieve higher performance (e.g., least-squares matching, hybrid PIV/PTV), this level of sophistication was deemed unnecessary for determining first-order approximations of the characteristics of current interest (i.e., intra-aneurysmal velocity fields). However, since other researchers may be interested in characteristics that are more sensitive to velocity field resolution (e.g., wall shear stress or vorticity), we have added further discussion in this regard, as well as citations to more authoritative work in this area.

“2) The part of preparation of the geometry for the vessel is completely missing. It comprises its design within CAD that can be based on images (which type, how recorded...?) or based on combination/deformation of simple geometric models. This preliminary phase (which would be before phase 1) is not reported or mentioned.”
We have clarified in the Introduction of the revised manuscript that the fabricated phantom geometries are based upon idealized representations of neurovascular structures (which are generated using a common CAD software package). We have also clarified that  fabrication of more complex, patient-specific geometries should be possible as well (e.g., via use of model files generated by conversion of clinical imaging data into the .STL file format used by most 3D printers). However, we believe that further elaboration in this regard lies beyond the scope of the current protocol. 

“3) Similarly to the previous point, the in-vitro circulatory system is not described. This challenging experimental aspect is not mentioned here.”
We have provided further details in this regard in Sections 4 and 5.2 of the revised manuscript.

“Minor Concerns:”
“4) p.1 l.79. Specify the cost >$100k, or eliminate explicit figure. Because it looks a lot, if you do not consider the laser that can be easily substituted by simpler illumination systems.”
It’s been our experience that the base cost of commercial turn-key 2D PIV systems often runs well beyond $100k (not including fluorescence microscope or other ancillary equipment), hence the inclusion of this figure in the original manuscript. However, we acknowledge that there may be potential for significant variation in system configuration depending on specific users’ needs, so we have eliminated this figure in the Introduction of the revised manuscript.

“5) The protocol is limited to steady-state conditions, which represents an important limitation for vascular vessels of pathological interest. This limitation does not appear necessary to the protocol (image recording is made with high frame rate and the experimental circulatory system is not described). Please clarify.”
Synchronization of the video to the desired temporal positions in the waveform would be required, which would increase setup cost and complexity. Since steady-state conditions have been sufficient for the needs of our application thus far, we have not explored these avenues further.


Reviewer #2 comments and Author responses:
“Manuscript Summary: The authors report a method to perform PIV measurements in mm-scale phantoms of the human vascular system, claiming this to be a cheap(er) option.

Major Concerns: the authors claim to have a cheap way to circumvent several tools that are needed for PIV measurements. However, when using a continuous laser source (instead of pulsed) there is no need to sync the laser and the camera, this is already available in classical textbooks about PIV. Furthermore the authors do not elaborate about the light source they are using in the reported method. I think the authors should remove this claim, as the needed components are still costly (3D printer, high speed camera, microscope, light source, ultrasonic cleaner etc.)”
The specifics of the light source were detailed in the Table of Materials document of the original manuscript (i.e., external metal halide continuous white light source for through-objective, volumetric illumination). However, the Reviewer’s comment suggests that it would’ve been better to also include this information within the manuscript body itself. As such, we have remedied this omission in the Introduction of the revised manuscript.

The intent of the protocol is not to demonstrate the most inexpensive PIV system possible, but rather to demonstrate a means for implementing PIV using resources already at the disposal of many bioengineering researchers. In doing so, this reduces the need for acquisition of some of the more costly components of a typical PIV system, thus lowering the barrier to entry for non-experts. We have clarified this point throughout the revised manuscript.

“Minor Concerns:”

“page 2, line 114, the use of acetone fumes (which is mentioned in the discussion) is a very good addition to the protocol, we do this in our lab for all flow phantoms we make to ensure a smooth surface, and also seal the print, to prevent air that resides in the phantom from entering the PDMS. Furthermore, report about the thickness of your print, and refer to printing hollow to have a good circulation of the acetone to promote dissolving the ABS. The container you pour the PDMS into should have nice flat and smooth surfaces to prevent reflection of the light source.”
We have clarified in the Introduction of the revised manuscript that our models are based on solid prints, since this best ensures mold integrity, particularly for our most diminutive features. However, we have also added brief discussion of the virtues of hollow models as well. 

While we acknowledge the potential advantages of acetone smoothing, our experience thus far has not shown the necessity for this operation, hence its omission from the current protocol.

“page 2, line 127, you can also cure in a stove to speed up the process (be done in 1 or 2 hours).”
We have provided further details in this regard in Section 2.2.3 of the revised manuscript.

“page 3, line 142, only water and glycerol will not match the refractive index with PDMS (unless you add a lot of glycerol, making the viscosity very unrealistic), you should introduce a salt, like Sodium iodide, to truly match the refractive index”
As discussed in the original manuscript, the 60:40 DI/glycerol mock blood solution is used widely in the experimental hemodynamics community, and the references cited make no mention of salt. This therefore suggests that perfect index matching may not be a necessity for applications such as those considered here (i.e., neurovascular flows). We have added further citations in this regard in the revised manuscript, including:

· Bouillot, P., Brina, O., Ouared, R., Lovblad, K.-O., Farhat, M., Pereira, V.M. Particle Imaging Velocimetry Evaluation of Intracranial Stents in Sidewall Aneurysm: Hemodynamic Transition Related to the Stent Design. PLoS ONE. 9 (12), e113762, doi: 10.1371/journal.pone.0113762 (2014).
· Trager, A.L., Sadasivan, C., Lieber, B.B. Comparison of the in vitro hemodynamic performance of new flow diverters for bypass of brain aneurysms. Journal of biomechanical engineering. 134 (8), 084505, doi: 10.1115/1.4006454 (2012).

“page, 4, line 177, elaborate about the used light source, no sheet? What about out of plane motion?”
As discussed earlier, the specifics of the light source were detailed in the Table of Materials document of the original manuscript (i.e., external metal halide continuous white light source for through-objective, volumetric illumination), and this information has now been added in the Introduction of the revised manuscript.

Volumetric illumination is chosen in the current protocol to simplify implementation. It is also commonly used in micro-PIV, since the depth of focus approaches the thickness of typical light sheets. Since the depth of focus is small at higher magnifications, out of plane motions that are large relative to the focal depth will result in potential correlation error due to mismatching, similar to that which would be seen for a light sheet. Smaller out of plane motions will contribute to cosine-error, as is also commonly encountered with light sheets.

“page 4, line 216, other tools like Pivlab, built in the Matlab environment is a good and versatile tool”
ImageJ was chosen for ease of implementation, as well as its broad familiarity to the bioengineering community.

“page 6, line 295, these images lack a reference, were in the phantom are these images taken? what is the scale? add vessel walls as a reference. How did you mask the images?”
The location of the images presented in Figs. 3 and 4 was detailed in the Representative Results section in the original manuscript (i.e., within the perforator artery). However, the Reviewer’s comment suggests that it would’ve been better to also include this information within the captions as well. We have remedied this omission in the revised manuscript. Scale bars have also been added to these figures, as have dotted lines to demarcate the vessel walls. Finally, the location of the ROI for these measurements has been added to Figure 2.
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