

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 71634
Scriptwriter Name: Pallavi Sharma
Project Page Link: https://review.jove.com/account/file-uploader?src=21848418

Title: Protocol for Standardized Assessment of Systemic Microvascular Function in Human Cutaneous Microcirculation Using Laser Speckle Contrast Imaging

Authors and Affiliations: 
Ernesto Novaes, Andrea de Lorenzo, Eduardo Tibirica

Research and Teaching Department, National Institute of Cardiology


☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Eduardo Tibirica 		(etibi@uol.com.br)



Email Addresses for All Authors: 
Ernesto Novaes		(ernesto.r.novaes@gmail.com)
Andrea de Lorenzo 		(andlorenzo@gmail.com)

Eduardo Tibirica 		(etibi@uol.com.br)




Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  32
Number of Shots:  58 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card

This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)	Comment by Pallavi  Sharma: Authors: Please provide this information



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Participant Preparation and Environmental Control
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, stabilize the examination room using a dedicated thermostat to maintain a stable thermal environment [1].
2.1.1. WIDE: Talent adjusting the dedicated thermostat in the examination room. Videographer: Please obtain CU shot as well for this shot.
2.2. Position the participant’s non-dominant arm at heart level using body cushions to maintain the forearm in a horizontal and stable position [1]. Use the ventral surface of the forearm as the assessment site [2].
2.2.1. Talent positioning the participant’s non-dominant arm at heart level with body cushions.
2.2.2. Talent indicating the ventral surface of the forearm as the assessment site.
2.3. Keep the participant at rest for 20 minutes before starting microvascular recordings [1]. Then, position their non-dominant forearm on a vacuum-cushion system [2]. Adjust the cushion to maintain the ventral forearm surface in a stable horizontal position throughout image acquisition [3].
2.3.1. Shot of the participant positioned for the procedure.
2.3.2. Talent placing the participant’s non-dominant forearm on the vacuum-cushion system.
2.3.3. Talent adjusting the vacuum-cushion system to stabilize the ventral forearm surface.
2.4. Select skin sites without visible hair for all measurements [1]. 
2.4.1. Talent identifying a skin site without visible hair on the forearm.
2.5. To measure the arterial pressure, select the cuff size according to the participant’s arm circumference [1]. Perform 3 consecutive blood pressure measurements using a calibrated automated oscillometric device with a 1-minute interval between measurements [2].
2.5.1. Talent selecting a blood pressure cuff based on the participant’s arm circumference.
2.5.2. Talent placing the participant’s arm in the calibrated automated oscillometric device for blood pressure measurement.

3. Laser Speckle Contrast Imaging (LSCI) System Setup and Software Configuration
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Turn on the LSCI (L-S-C-I) system at least 10 minutes before image acquisition to allow the laser source to stabilize [1]. Verify laser stabilization using the software status indicator before starting the recording [1].
3.1.1. Talent switching on the laser speckle contrast imaging system.
3.1.2. SCREEN: Software status indicator being checked to confirm laser stabilization.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21848418
3.2. Position the laser head directly above the participant’s forearm [1] and adjust it to exactly 15 centimeters from the skin surface using the manufacturer-provided distance-measuring tool [2].
3.2.1. Talent positioning the laser head directly above the participant’s forearm.
3.2.2. Talent adjusting the laser head distance with the manufacturer-provided distance-measuring tool.
3.3. Next, launch the image acquisition software [1] and create a new study file [2]. Enter the participant’s demographic information and the previously calculated mean arterial pressure [2].
3.3.1. SCREEN: Image acquisition software being launched.
3.3.2. SCREEN: A new study file is being created.
3.3.3. SCREEN: Participant demographic information and calculated mean arterial pressure being entered into the study file.
3.4. Set the acquisition sampling rate to 1 image per second using a frequency of 1 hertz [1]. Adjust the spatial resolution to approximately 0.1 millimeters per pixel for the target acquisition area [2].
3.4.1. SCREEN: Acquisition sampling rate setting being selected. Value of 1 image per second and 1 hertz being entered.
3.4.2. SCREEN: Spatial resolution is being set to 0.1 millimeters per pixel for the target acquisition area.
3.5. Next, dim the room lights [1] and block external sunlight using blackout curtains during all recordings when dark-frame subtraction is unavailable [2].
3.5.1. Talent dimming the room lights.
3.5.2. Talent closing blackout curtains to block external sunlight.
3.6. Create at least 3 circular regions of interest of approximately 80 square millimeters on the live preview screen within the acquisition software [1]. Position 2 regions of interest over the iontophoresis electrode sites [2] and position 1 region of interest over the post-occlusive reactive hyperemia assessment site [3]. Place all regions of interest on the ventral forearm approximately 5 centimeters distal to the antecubital fossa while avoiding visible superficial veins [4].	Comment by Pallavi  Sharma: Authors: If these shots are redundant, please edit the narration and shots accordingly
3.6.1. SCREEN: The live preview screen is being shown.
3.6.2. SCREEN: 2 regions of interest being positioned over the iontophoresis electrode sites.
3.6.3. SCREEN: 1 region of interest being positioned over the post-occlusive reactive hyperemia assessment site.
3.6.4. SCREEN: Regions of interest are being positioned on the ventral forearm approximately 5 centimeters distal to the antecubital fossa, while visible superficial veins are being avoided.
3.7. Record resting cutaneous blood perfusion continuously for 5 minutes before vascular stimulation [1].
3.7.1. SCREEN: The resting cutaneous blood perfusion is being recorded.

4. Iontophoresis and Pharmacological Provocation
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Clean the selected ventral forearm skin sites using an alcohol-free saline solution or a mild skin cleanser [1].
4.1.1. Talent cleaning the selected ventral forearm skin sites with an alcohol-free saline solution or a mild skin cleanser.
4.2. Gently pat the skin dry before electrode placement [1] and position the drug-delivery electrodes [2].
4.2.1. Talent gently pats the cleaned skin dry.
4.2.2. Talent preparing the drug-delivery electrodes for placement.
4.3. Attach two drug-delivery electrodes to the prepared skin sites with double-sided adhesive discs, ensuring a 5-centimeter distance between them to avoid electrical interference [1].
4.3.1. Talent attaching 2 drug-delivery electrodes to the prepared skin sites with double-sided adhesive discs.
4.4. Fill the first electrode chamber with 200 microliters of a 2 percent acetylcholine solution prepared in 0.9 percent saline [1]. Fill the second electrode chamber with 200 microliters of a 2 percent sodium nitroprusside solution prepared in 0.9 percent saline [2].
4.4.1. Talent fills the first electrode chamber with the acetylcholine solution.
4.4.2. Talent fills the second electrode chamber with the sodium nitroprusside solution.
4.5. Protect the sodium nitroprusside solution from light with aluminum foil and use it within four hours for stability [1].
4.5.1. Talent covering the sodium nitroprusside-filled electrode chamber with aluminum foil.
4.6. Next, inspect the electrode chambers for trapped air bubbles before skin attachment [1]. Remove visible air bubbles by gently tapping the electrode chamber or, using a sterile plastic syringe tip, remove the visible air bubbles [2].	Comment by Pallavi  Sharma: Authors; What are you going to do,  tapping the electrode chamber or, using a sterile plastic syringe tip?
4.6.1. Talent inspecting the electrode chambers for trapped air bubbles.
4.6.2. Talent gently tapping the electrode chamber to remove air bubbles.
4.7. Attach the reference electrode approximately 15 centimeters proximal to the drug-delivery electrodes using conductive gel or adhesive [1].
4.7.1. Talent attaching the reference electrode proximal to the drug-delivery electrodes.
4.8. Connect all electrodes to the iontophoresis delivery unit before current application [1]. Confirm the electrode polarity before starting the protocol [2].
4.8.1. Talent connecting the electrodes to the iontophoresis delivery unit.
4.8.2. Talent verifying the electrode polarity on the iontophoresis system.
4.9. Administer six incremental doses of 30, 60, 90, 120, 150, and 180 microamperes for both pharmacological agents, each for 10 seconds, with a 60-second interval between applications [1]. Record the microvascular perfusion signal continuously throughout all iontophoresis stimulations [2].
4.9.1. SCREEN: Talent initiating the iontophoresis current delivery for the pharmacological agents with an incremental dose of 10 minutes each.
4.9.2. SCREEN: The microvascular perfusion signal is being recorded.

5. Post-Occlusive Reactive Hyperemia (PORH)
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. Position a 12-centimeter-wide pneumatic cuff on the upper arm, above the microvascular assessment site used for the LSCI recording. [1].
5.1.1. Talent positioning the standard pneumatic cuff on the upper arm.
5.2. Create a third region of interest on the ventral forearm, adjacent to the iontophoresis electrode sites, ensuring it's in a treatment-free skin area to avoid pharmacological interference [1].
5.2.1. SCREEN: A third region of interest being created on the ventral forearm adjacent to the iontophoresis electrode sites.
5.3. Record resting cutaneous perfusion continuously for 5 minutes before arterial occlusion [1]. Monitor the baseline perfusion signal to confirm signal stability before cuff inflation [2].
5.3.1. SCREEN:  The resting cutaneous perfusion is being recording.
5.3.2. SCREEN: Baseline perfusion signal being monitored. Signal stability being confirmed.
5.4. Inflate the pneumatic cuff rapidly within 5 seconds using an automated inflator or a manual inflation bulb [1]. Increase the cuff pressure to 50 millimeters of mercury above the participant’s previously measured systolic blood pressure [2].
5.4.1. Talent rapidly inflating the pneumatic cuff.
5.4.2. Talent increasing the cuff pressure on the pneumatic cuff.
5.5. Maintain the arterial occlusion continuously for exactly 3 minutes [1]. Verify complete occlusion by confirming that the LSCI signal decreases to a biological zero plateau below 10 arbitrary perfusion units [2].
5.5.1. Shot of the inflated pneumatic cuff remaining secured during the occlusion period.
5.5.2. SCREEN: Laser speckle contrast imaging perfusion signal being observed. Signal decreasing to a biological zero plateau below 10 arbitrary perfusion units.
5.6. Quickly release the cuff pressure with the rapid-exhaust valve to restore blood flow and trigger the reactive hyperemic response [1]. Continue the LSCI recording for at least 5 minutes after cuff release [2].
5.6.1. Talent activating the rapid-exhaust valve to release the cuff pressure.
5.6.2. SCREEN: Shot of the ongoing laser speckle contrast imaging recording following cuff release.
5.7. Capture the peak perfusion response [1] and the subsequent return toward baseline perfusion levels [2].
5.7.1. SCREEN: Perfusion signal reaching the peak hyperemic response.
5.7.2. SCREEN: Perfusion signal returning toward baseline perfusion levels.

6. Data Extraction and Statistical Analysis
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. Open the recorded acquisition files using the image analysis software [1]. Verify that all predefined regions of interest remain correctly positioned over the corresponding measurement sites [2].
6.1.1. SCREEN: Image analysis software being launched. Recorded acquisition files being opened.
6.1.2. SCREEN: Predefined regions of interest being reviewed. Positions over the corresponding measurement sites being verified.
6.2. Select a continuous 60-second baseline interval immediately preceding the first vascular stimulus [1].
6.2.1. SCREEN: A continuous 60-second baseline interval immediately preceding the first vascular stimulus being selected.
6.3. Then, select the final 30 seconds of each 60-second interval following iontophoresis stimulation to capture the plateau microvascular response [1].
6.3.1. SCREEN: The final 30 seconds of each 60-second post-iontophoresis interval being selected to capture the plateau microvascular response.
6.4. Identify the biological zero signal during the arterial occlusion phase of the post-occlusive reactive hyperemia protocol [1]. Identify the peak cutaneous vascular conductance value immediately after cuff release [2]. Verify the absence of motion artifacts before confirming the final calculated values [3].
6.4.1. SCREEN: Biological zero signal being identified during the arterial occlusion phase of the post-occlusive reactive hyperemia protocol.
6.4.2. SCREEN: Peak cutaneous vascular conductance value being identified immediately after cuff release.
6.4.3. SCREEN: Recorded data being reviewed for motion artifacts. Final calculated values being confirmed.

6.4.4. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 74.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. A stable baseline perfusion signal with minimal fluctuations was demonstrated during baseline recording [1].
7.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the red trace in the section labelled 'BASELINE' showing a stable signal with small fluctuations.
7.2. During iontophoresis of acetylcholine, a stepwise increase in arbitrary perfusion units was observed with increasing doses, reflecting dose-dependent vasodilation [1].
7.2.1. LAB MEDIA: Figure 2A. Video editor: Highlight the section labelled 'ACh 30 μA', 'ACh 60 μA', 'ACh 120 μA',  'ACh 150 μA',  'ACh 180 μA' on the red trace.
7.3. A successful post-occlusive reactive hyperemia response was characterized by a rapid reduction in perfusion to a stable biological zero during arterial occlusion [1], followed by a sharp hyperemic peak immediately after cuff release [2].
7.3.1. LAB MEDIA: Figure 2B. Video editor: Highlight the green trace in the section labelled 'Occlusion' where the signal falls to a low stable level.
7.3.2. LAB MEDIA: Figure 2B. Video editor: Highlight the green trace immediately after the label 'PORH' where the signal rises sharply to a peak.
7.4. Motion-related signal instability was demonstrated by an unacceptable recording characterized by unstable perfusion signals [1].
7.4.1. LAB MEDIA: Figure 3. .
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