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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?  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.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. 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?   No
If Yes, how far apart are the locations? Click to enter distance between locations.

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

Current Protocol Length

Number of Steps: 24
Number of Shots: 56 (6 SC)

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Richard Walton: This protocol provides microstructural insight in to structural pathological diseases at the whole organ scale using micro computed tomography.

REQUIRED: What is the main advantage of this technique?
1.2. Richard Walton: A specialized tissue preparation method is implemented to optimize high resolution imaging of whole heart samples from translational large mammalian models and humans with selective contrast enhancement of structural disease.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. 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 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Richard Walton: The cardiac microstructure, such as the distribution of fibrosis and the organization of the excitable myocardium underlies a broad spectrum of cardiac diseases and sets the scene for life-threatening arrhythmia. 

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
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 30 or fewer words.



Introduction of Demonstrator on Camera	Comment by Richard Walton: Nestor ?

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Richard Walton: Demonstrating the procedure will be Nestor Palleres-Lupon, a Postdoc and PhD graduate from my laboratory. Include additional demonstrators as needed.  	Comment by Richard Walton: Subject to change, depending on the availability of Nestor.
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.7. Procedures involving animal subjects have been approved by the local ethical committee at the University of Bordeaux.


Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

Authors: Please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19187293

2. Solution Preparation 
2.1. To begin, prepare a cardioplegic solution containing sodium heparin sodium and store the solution at 4 degrees Celsius [1-TXT].
2.1.1. WIDE: Establishing shot of talent placing the prepared solution at 4 °C. TEXT: See text for cardioplegic solution composition

2.2. Next, prepare PBS-EDTA (spell out) by first adding EDTA to 1 liter of distilled water for a 10 millimolar final concentration [1]. Then, increase and maintain the pH of the solution at 12 using sodium hydroxide to dissolve the EDTA [2]. 
2.2.1. Talent EDTA powder to distilled water containing beaker/flask/container.
2.2.2. Talent adding NaOH solution to the container with the screen of pH meter visible in the frame.

2.3. Once the EDTA is fully dissolved, lower the pH to 7.4 using hydrochloric acid [1], then add one foil pouch of PBS to obtain a 0.01 molar solution with pH 7.4. Store the prepared solution at room temperature [2-TXT]. 
2.3.1. Talent adding HCl to the container with the screen of pH meter visible in the frame.
2.3.2. Talent adding PBS to the EDTA solution containing container. TEXT: NaCl: 0.138 M; KCl: 0.0027 M

2.4. Finally, prepare a 1% ethanol-PMA (spell out) contrast agent solution by adding 10 grams of PMA to 1 liter of absolute ethanol. Store the prepared solution at room temperature [1-TXT].
2.4.1. Talent adding PMA to ethanol/ Shot of prepared ethanol-PMA solution placed on a working platform. TEXT: PMA: Phosphomolybdic acid

3. Tissue Preparation

3.1. Prepare a 1-liter reservoir supported 80 centimeters above a dissection dish [1] and couple a thermoplastic tube to a drain port of the reservoir [2-TXT]. Fix a three-way tap to the drainage tubing [3] and couple further thermoplastic tubing to each free port on the three-way tap [4-TXT]. Fix two-way taps to the free ends of the tubing [5]. 
3.1.1. WIDE: Shot of reservoir placed above the dissection dish.
3.1.2. Talent coupling a tube to the reservoir. TEXT: Tube: 80 cm length, 3.2 mm internal diameter, and 4.8 mm external diameter
3.1.3. Talent fixing a three-way tap to the drainage tubing.
3.1.4. Talent coupling a thermoplastic tubing to each free port on the three-way tap. TEXT: Tube: 20 cm length, 1.6 mm internal diameter, and 3.2 mm external diameter
3.1.5. Talent fixing two-way taps to the free ends of the tubing. 

3.2. Next, fill the reservoir with the cardioplegic solution supplemented with heparin [1]. Open the taps to allow the cardioplegic solution to drain, removing all air bubbles [2], then close the two-way taps [3].
3.2.1. Talent filling the reservoir with the cardioplegic solution.
3.2.2. Shot of cardioplegic solution draining from the taps.
3.2.3. Talent closing the taps.

3.3. After extracting the heart from a euthanized animal, place it in cold cardioplegic solution stored on ice until ready for dissection [1-TXT]. Then, prepare cannulae for the left and right coronary ostia by cutting 5 centimeters of PTFE tubing [2-TXT] and heating one end by placing the tip next to a naked flame [3]. 
3.3.1. Shot of heart stored in cardioplegic solution placed on ice. TEXT: See text for heart extraction details
3.3.2. Talent cutting the appropriate size tubing. PTFE: Polytetrafluoroethylene; Internal dia: 1 mm;  Outer dia: 2 mm
3.3.3. Talent heating one end of the tube. 

3.4. Once 1 millimeter of the tip begins to melt and becomes translucent [1], press the tip against a hard heat-resistant surface to shape a ridge at the cannulae tip to prevent the cannulae from slipping out of the vessels [2]. Then, insert 1 centimeter of the non-heated end of each cannula into the two ends of the drain reservoir drainage tubing [3].
3.4.1. Shot of translucent and melting tip.
3.4.2. Talent pressing the tip against the hard heat-resistant surface.
3.4.3. Talent inserting the non-heated end of each cannula into the two ends of the drain reservoir drainage tubing.

3.5. Next, remove the aortic cannula [1] and  localize the left and right ostia of the coronary arteries under the cold cardioplegic solution [2].
3.5.1. Talent removing the aortic cannula.
3.5.2. Talent identifying the left and tight ostia of coronary arteries. Authors: Using forceps or any such item, please point to the left and right ostia of coronary arteries

3.6. Using pointed scissors, carefully separate the aortic root from the surrounding tissue above and below the coronary ostia [1] to enable threading of a 0 (Oh) G silk suture under the coronary vessel [2]. 	Comment by Richard Walton: Possible alternative : (zero) ?	Comment by Richard Walton: Spell out guage instead ?
3.6.1. Talent separating the aortic root from the surrounding tissue.
3.6.2. Talent threading a 0 G silk suture under the coronary vessel.

3.7. Then, open the two-way taps [1] and insert the cannulae tips into the coronary ostia [2]. With the cannulae tips extending 1 to 2 centimeters into the ostia and beyond the suture placement, tie off the cannulae [3].
3.7.1. Talent opening the two-way taps.
3.7.2. Talent inserting the cannula tips into the coronary ostia.
3.7.3. Talent tying off the cannulae. 

3.8. Next, rinse the heart while gently massaging the ventricles for 15 minutes until the heart is cleared of blood [1]. After rinsing, close the two-way taps, disconnect them from the three-way tap [2], and transfer the heart to a 1-liter plastic chemical-resistant container containing 500 milliliters of PBS-EDTA solution [3].
3.8.1. Talent massaging the heart while it is being rinsed.
3.8.2. Talent closing the two-way taps and disconnecting them.
3.8.3. Talent transferring the heart to the plastic container with PBS-EDTA.


3.9. Recirculate the PBS-EDTA solution in the thermoplastic tubing under a fume hood using a peristaltic pump with two channels [1]. Prime the pump tubing until the tubing is absent of air bubbles [2], then perfuse each coronary artery cannulae by recirculation at room temperature for 2 hours at 80 milliliters per minute [3].
3.9.1. Shot of circulating solution in the tubing with peristaltic pump visible in the frame. Authors: Can this shot of the solution circulating through the tubing be easily filmed/visualized?	Comment by Richard Walton: The solution is translucent and difficult to observe flow of the liquid, which should be clean and absent of any circulating objects (bubbles/blood cells/debris) that indicate movement. But we can easily observe dripping from the ends of the tubes/cannulae. 
3.9.2. Talent priming the pump tubing to remove air bubbles/shot of pump tubing
3.9.3. ECU: Shot of solution being perfused to the coronary artery.	Comment by Richard Walton: A close up of the heart will show visible dilatation (swelling) of the coronary vessels at the onset of heart perfusion.

3.10. After ensuring that the fume hood is operational, stop the pump [1], drain the solution from the container [2], and replace it with 10% formalin for fixation for 1 hour at 80 milliliters per minute [3]. 
3.10.1. Talent stopping the pump.
3.10.2. Talent draining the solution from the container.
3.10.3. Talent adding formalin solution to the reservoir.


4. Tissue Dehydration and Drying

4.1. Perfuse the heart using a series of incrementing ethanol concentrations, starting with 20% ethanol for a minimum of 3 hours [1]. Then, replace the 20% ethanol with 30% ethanol and perfuse for 2 hours [2]. Continue the perfusion by incrementing the ethanol concentration at each iteration, with minimum perfusion of 1 hour at each concentration [3-TXT].
4.1.1. WIDE: Heart being perfused with 20% ethanol.
4.1.2. Talent adding 30% ethanol to the reservoir.
4.1.3. Talent adding 40% ethanol to the reservoir (with other ethanol concentrations in the series placed on the working platform, if possible). TEXT: Ethanol concentrations: 40, 50, 60, 65, 70, 75, 80, 95, 90, 95, 99, and 100%  


4.2. To reinforce the heart tissue before air drying, recirculate an equal mix of ethanol and HMDS (spell out) for 10 minutes [1-TXT] followed by 100% HMDS for a further 2 hours [2]. 
4.2.1. Shot of heart with recirculating ethanol and HMDS. TEXT: HMDS: Hexamethyldisilazane
4.2.2. Talent adding 100% HMDS to the reservoir.


4.3. Next, disconnect the cannulae from the tubing [1] and suspend the heart from an aortic suture inside the fume hood [2]. Carefully slide a zip-lock bag over the heart [3] and close the bag seal over the suture to reduce exposure of the heart to the circulating air. Allow the heart to dry through evaporation for 1 week [4].
4.3.1. Talent disconnecting the cannulae from the tubing.
4.3.2. Shot of suspended heart from an aortic suture.
4.3.3. Talent sliding a bag over the heart.
4.3.4. Talent closing the bag seal over the suture. 

4.4. For diffusion-loading contrast agents, wash the heart in 100% ethanol for 15 minutes with agitation [1] before immersing it in 100% ethanol supplemented with 1% PMA for 48 hours under vacuum. Then, cover the heart with a zip-lock bag as demonstrated earlier and allow it to dry [2]. 
4.4.1. Heart being washed in 100% ethanol with agitation.
4.4.2. Talent placing the heart in PMA-ethanol solution.

5. MicroCT

5.1. Mount the air-dried heart onto an appropriate sample holder [1]. To prevent any movement during the X (single letter ‘X’)-ray microCT (C-T) measurements, use a clamp anchored to the sample holder and secure the heart via the dried and rigid aorta [2]. 
5.1.1. WIDE: Shot of the sample holder.
5.1.2. Talent mounting the heart on the sample holder using a clamp.

5.2. Next, open the software and initiate the X-ray microCT system [1], then set the X-ray filter aluminum to 1 millimeter, X-ray source voltage to 60 kilovolts, and current to 120 microamperes. Additionally, set image dimensions to 2016 by 1344 pixels and pixel size to 20 micrometers [2].
5.2.1. Talent at the computer, opening software, monitor visible in frame. Videographer: Obtain a few shots of talent clicking the mouse and typing on the keyboard to use as b-roll throughout the video
5.2.2. SCREEN: To be uploaded by Authors: Imaging parameters being set.

5.3. Scout X-ray transmission images along the length of the support to determine the overall imaging field in the heart’s longitudinal axis [1]. For scanning, use a rotation step of 0.18 degrees, a frame averaging of 5, and a sample rotation of 180 degrees by deselecting the option for a 360 degree acquisition. Select the offset scanning mode to image the entire width of the sample support [2].
5.3.1. SCREEN: To be uploaded by Authors: Scouting X-ray transmission images, imaging field being determined in the heart’s longitudinal axis.
5.3.2. SCREEN: To be uploaded by Authors: Acquisition/scanning parameters being set.

5.4. After scanning, use the software for tomographic reconstruction of an isotropic three-dimensional image volume. In the NRecon software, use acquisition-related artifact correction, including beam-hardening effects of 10% and ring artifact reduction of 8 [1]. Authors: How should the JoVE voiceover talent pronounce NRecon?	Comment by Richard Walton: N-Recon (En Ree-con)
5.4.1. SCREEN: To be uploaded by Authors: Isotropic 3D image volume being reconstructed with acquisition-related artifact correction

5.5. Next, using DataViewer software, visualize the reconstructed data stack. Digitally orientate the sample within the image boundaries to realign the sample’s long and short axes with the three principal axes of the image volume [1]. 
5.5.1. SCREEN: To be uploaded by Authors: Opening software, data stack being visualized, samples being digitally orientated to realign long and short axes with the three principal axes of the image volume.

5.6. Finally, crop the image volume in all three axes to remove outer background layers of the image and maximally reduce the total image size [1].
5.6.1. SCREEN: To be uploaded by Authors: Image volume being cropped in all three axes to reduce total image size.


Authors: Please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19187293



Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

3.7.	Then, open the two-way taps [1] and insert the cannulae tips into the coronary ostia [2]. With the cannulae tips extending 1 to 2 centimeters into the ostia and beyond the suture placement, tie off the cannulae [3].
3.9.	Recirculate the PBS-EDTA solution in the thermoplastic tubing under a fume hood using a peristaltic pump with two channels [1]. Prime the pump tubing until the tubing is absent of air bubbles [2], then perfuse each coronary artery cannulae by recirculation at room temperature for 2 hours at 80 milliliters per minute [3].
4.1.	Perfuse the heart using a series of incrementing ethanol concentrations, starting with 20% ethanol for a minimum of 3 hours [1]. Then, replace the 20% ethanol with 30% ethanol and perfuse for 2 hours [2]. Continue the perfusion by incrementing the ethanol concentration at each iteration, with minimum perfusion of 1 hour at each concentration [3-TXT].
4.2.	To reinforce the heart tissue before air drying, recirculate an equal mix of ethanol and HMDS (spell out) for 10 minutes [1-TXT] followed by 100% HMDS for a further 2 hours [2]. 
4.3.	Next, disconnect the cannulae from the tubing [1] and suspend the heart from an aortic suture inside the fume hood [2]. Carefully slide a zip-lock bag over the heart [3] and close the bag seal over the suture to reduce exposure of the heart to the circulating air. 
4.4.	For diffusion-loading contrast agents, wash the heart in 100% ethanol for 15 minutes with agitation [1] before immersing it in 100% ethanol supplemented with 1% PMA for 48 hours under vacuum. Then, cover the heart with a zip-lock bag as demonstrated earlier and allow it to dry [2]. Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]N/AClick here to list microscope shots, using the shot numbers from the protocol section of the video script.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 234. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 
6. Results: Contrast-Enhanced Air-Dried Tissue Preparations Enabled Microscale Imaging of Intact Large Mammalian Cardiac Models with Chronic Disease
6.1. [bookmark: _Hlk87951891]X-ray transmission imaging of air-dried pig hearts [1] shows major anatomical landmarks, including the ventricular cavities, free walls of the ventricles [2], and the septum muscle wall [3].
6.1.1. LAB MEDIA: Figure 1A, B
6.1.2. LAB MEDIA: Figure 1A Video Editor: Please emphasize ‘LV’ and ‘RV’ marked region
6.1.3. LAB MEDIA: Figure 1A Video Editor: Please emphasize Septum marked region

6.2. Tomographic reconstructions of 3-dimensional image volumes showed distinct separation between tissue and background at epicardial and endothelial endcardial boundaries [1].
6.2.1. LAB MEDIA: Figure 1C, 1D Video Editor: Please emphasize blue and yellow arrows

6.3. Mason’s trichrome staining showed collagen-positive staining at the epithelial [1] and endothelial layers, perivascularly in the sub-epicardial tissue [2]. Bright field illumination [3] showed darker coloration in collagenous structures after PMA-staining, supporting the preferential accumulation of PMA [4].
6.3.1. LAB MEDIA: Figure 2A Video Editor: Please emphasize black arrows from Sub-epicardium
6.3.2. LAB MEDIA: Figure 2A Video Editor: Please emphasize black arrows from Sub-endocardium
6.3.3. LAB MEDIA: Figure 2B, C
6.3.4. LAB MEDIA: Figure 2B, C Video Editor: Please emphasize black arrows

6.4. PMA-stained fluorescent images of ventricular tissue sections had PMA-induced loss of fluorescence at sites of collagen [1]. 
6.4.1. LAB MEDIA: Figures 2D, D’, D’’, E, E’ and E’’ Video Editor: Please emphasize panels 2E, E’, E’’

6.5. For a heart sample stained with a contrast agent via perfusion prior to air drying, image reconstruction revealed highly patchy staining within the myocardial compartment [1]. Moreover, low contrast tissue showed poor separation from the background intensity [2].
6.5.1. LAB MEDIA: Figure 3A Video Editor: Please emphasize blue arrows
6.5.2. LAB MEDIA: Figure 3B 

6.6. MicroCT imaging of a sheep heart suffering from chronic myocardial infarction revealed a central dense fibrotic lesion surrounded by a loose and heterogeneous border zone [1].
6.6.1. LAB MEDIA: Figure 4 

6.7. The greatest signal intensities of reconstructed image volumes at the tissue boundaries and scar regions are shown here [1]. Contrast agents poorly stained the healthy myocardium, yet microstructural contrast was retained [2].
6.7.1. LAB MEDIA: Figure 4B-E Video Editor: Please sequentially emphasize on each image
6.7.2. LAB MEDIA: Figure 4C’ Video Editor: Please emphasize the Myo part

6.8. At the border zone, scar tissue was interspersed with surviving myocardium [1]. Dense fibrosis appeared transmural yet textured, indicating variances in composition [2]. 
6.8.1. LAB MEDIA: Figure 4D’ Video Editor: Please emphasize the scar border
6.8.2. LAB MEDIA: Figure 4E’ Video Editor: Please emphasize the scar

6.9. Transmural left ventricular region of PMA-stained tissue preparation [1] showed selective staining for collagen and no staining in regions of surviving myocardium [2].
6.9.1. LAB MEDIA: Figure 4F
6.9.2. LAB MEDIA: Figure 4G
Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Richard Walton: (4.1., 4.2.) Favor longer perfusion times using ethanol to ensure the complete exchange of the heart’s water content with ethanol. Interactions between HMDS and water produces heat, which may damage the sample.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Richard Walton: A strong advantage of this procedure is the ability to validate microCT imaging using histology. Air-dried samples can be directly embedded in paraffin for sectioning, staining and microscopic imaging. 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Richard Walton: MicroCT imaging of air-dried hearts will provide a detailed and heart-specific map of the microstructural organization of cardiac disease and the structural determinants of cardiac arrhythmia and heart failure. 


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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