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A.  Will you require JoVE to record video microscopy? Y, Leica MZ8, Camera: Leica IC D 
Concerning the camera, we do not have additional software/hardware to make actual recordings so we do need a microscope kit for attaching a video camera to our microscope. Alternatively, the videographer might be able to bring equipment that will allow the recording of images directly from our camera.
B.   Does your protocol include descriptions of software usage? Y
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.
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.1., 2.5., 3.3., 3.4., 3.10.
Step 2.1, 2.5 and 3.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
2.6. Visually check for successful induction of the infarct by confirming the paling of the left ventricular free wall. When paling is not observed, perform an additional attempt to occlude the LAD
3.4. Visually check for succesful injection of contrast in the tail vein by temporarily discoloring of the tail vein. 
E.  Will the filming need to take place in multiple locations? Y, same building different floors


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to demonstrate the use of high-speed micro computed tomography in the imaging of intrinsic cardio-respiratory gating to evaluate global and regional myocardial functions in a mouse cardiac ischemia model. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Elza van Deel: This method can help answer key questions in cardiac pathophysiology, such as what are the effects of pathology and novel preventive and therapeutic treatments on global and regional myocardial function? 
1.2. Yanto Ridwan: The main advantage of this technique is that it provides a rapid, longitudinal, non-invasive evaluation of the most important cardiac parameters that is easily performed by non-experts.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jeroen Essers: The implications of this technique extend toward the therapy of cardiovascular diseases, as it can be used as a preclinical tool for obtaining advanced insight into cardiac disease development.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Jeroen Essers: Demonstrating the procedure will be Nicole van Vliet, a technician, from our laboratory, as well as Elza van Deel who is a postdoc and Yanto Ridwan another technician from our laboratory. , graduate students/postdocs/research fellows?.  
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Erasmus MC Animal Research Ethics Committee. 


Protocol (read by voice talent at JoVE):
2. Cardiac ischemia model preparation

2.1. Begin by making a small incision in the skin of a 12 week old mouse between the 2nd and 3rd ribs [2.1.1.-WIDE-TXT]. Then, using small hooks, pull aside the chest muscles to expose the intercostal muscles [2.1.2.-SCOPE-TXT].

2.1.1. Few seconds Talent at microscope, making incision with scalpel (TEXT: Anesthesia: 2.5-4% isoflurane; Analgesia: buprenorphine 2.5 mg/kg)
2.1.2. Few seconds at least one hook being used to expose muscle(s) (TEXT: i.e. pectoralis minor, xiphihumeralis, and latissimus dorsi)

2.2. Next, use curved 2 mm blade spring scissors to carefully cut through the 3rd intercostal muscle without damaging the lungs [2.2.1.-SCOPE].

2.2.1. Few seconds muscle being cut 

2.3. Then, using forceps, rupture the pericardium [2.3.1.-SCOPE] and use a piece of wet gauze to push aside the lungs [2.3.2.-SCOPE-TXT]. 

2.3.1. Few seconds pericardium being ruptured 
2.3.2. Few seconds lung being pushed aside (TEXT: Caution: Do not damage left phrenic nerve)

2.4. Reposition the hooks to the inside of the thorax so that a large part of the left ventricular free wall [2.4.1.-SCOPE] and part of the left atrium are visible [2.4.2.-SCOPE].

2.4.1. Few seconds at least one hook being repositioned so that LV free wall is visible (Video Editor: if possible/appropriate, please indicate LV free wall) (Videographer: Combine 2.4.1. and 2.4.2 as appropriate)
2.4.2. Few seconds at least one hook being repositioned so that left atrium is visible (Videographer: Combine 2.4.1. and 2.4.2 as appropriate)

2.5. Then, using the atrium to locate the left coronary artery [2.5.1.-SCOPE], insert a 7-0 silk surgical suture under the left coronary artery [2.5.2.-SCOPE] and knot the suture 2 mm below the edge of the left atrium to standardize the infarct size [2.5.3.-SCOPE].

2.5.1. Shot of atrium and coronary artery (Video Editor: please indicate atrium and coronary artery when mentioned)
2.5.2. Few seconds suture being placed
2.5.3. Few seconds suture being knotted

2.6. After visually confirming the success of the infarct induction by the paling of the left ventricular free wall [2.6.1.-SCOPE-TXT], carefully re-inflate the lung and tightly close the chest with a 6-0 silk surgical suture [2.6.2.-SCOPE/CU].

2.6.1. Few seconds LV free wall paling (TEXT: Occlude again if no color change)
2.6.2. Few seconds suture being placed

2.7. Clean the wound with saline [2.7.1.-CU] and use more silk sutures to close the skin [2.7.2.-CU], followed by the application of wound spray to stimulate healing and to prevent infection [2.7.3.-CU].

2.7.1. Few seconds wound being cleaned
2.7.2. Few seconds at least one suture being placed
2.7.3. Few seconds wound spray being applied

2.8. Then place the mouse in a cage on a heating pad until it is fully recovered [2.8.1.-MED-TXT].

2.8.1. Talent placing cage onto heating pad (TEXT: See text for full post surgical care/monitoring details)

3. Micro computer tomography (MicroCT) imaging

3.1. Three-four hours after the surgery, turn on the MicroCT scanner [3.1.1.-WIDE], open the MicroCT control software [3.1.2.-MED-over the shoulder] and warm up the X-ray tube [3.1.3.-MED].

3.1.1. Talent turning on scanner
3.1.2. Talent at computer, opening software
3.1.3. Talent turning on x-ray tube

3.2. Then treat the rubber vial stopper of an iodinate contrast agent container with 70% alcohol [3.2.1.-WIDE] and use a low dead space syringe to withdraw 5-10 microliters of the agent per grams of the animal’s body weight [3.2.2.-MED].

3.2.1. Few seconds Talent treating stopper, with ethanol container visible in frame if possible
3.2.2. Few seconds Talent aspirating agent into syringe

3.3. After purging the air bubbles [3.3.1.-MED], swab the tail of the anesthetized mouse with 70% alcohol [3.3.2.-CU-TXT] and heat dilate the tail veins [3.3.3.-CU].

3.3.1. Talent flicking syringe or similar
3.3.2. Few seconds tail being swabbed
3.3.3. Tail being dipper in water/Cage being put under heat lamp or similar glove with warm water

3.4. Inject the contrast agent into a lateral tail vein [3.4.1.-CU].

3.4.1. Few seconds tail vein being injected

3.5. When the Live Mode button appears in the control software, the x-ray tube is ready [3.5.1-SCREEN]; insert the small bore cover [3.5.2.-MED] and the small animal bed [3.5.3.-CU].

3.5.1. *To be provided by Authors
3.5.2. Few seconds Talent inserting cover
3.5.3. Few seconds Talent insert animal bed 

3.6. Click the “New Database” button in the “Database” window [3.6.1.-SCREEN] and enter a name for the new database [3.6.2.-SCREEN].

3.6.1. *To be provided by Authors
3.6.2. *To be provided by Authors

3.7. When the dialog box appears, click the “Browse” button [3.7.1.-SCREEN] and navigate to the drive where the database will be saved [3.7.2.-SCREEN].

3.7.1. *To be provided by Authors
3.7.2. *To be provided by Authors

3.8. Then click OK [3.8.1.-SCREEN] and observe the new database in the Database window [3.8.2.-SCREEN].

3.8.1. *To be provided by Authors
3.8.2. *To be provided by Authors 

3.9. To set the scan conditions, select the appropriate parameters [3.9.1.-SCREEN].

3.9.1. *To be provided by Authors (Authors: maybe a screen shot of all of the recommended parameters already set or of a few being set and a few already set or similar?) All recommended parameters already set and select cardiac gating technique

3.10. Now place the injected, anesthetized mouse onto the animal bed in the scanner [3.10.1.-CU-TXT] and slide the instrument door to the right to engage the safety interlock [3.10.2.-MED-TXT].
 
3.10.1. Few seconds nose cone being placed onto mouse in animal bed (Videographer: Just head shot with cone going over animal’s nose, no respiration in shot) (TEXT: Anesthesia: 1.5-2% isoflurane, ≤60 breaths/min)
3.10.2. Talent sliding door to right (TEXT: X-rays generated only w/ engaged interlock)

3.11. Click the “Live Mode” button to view the subject in real time [3.11.1.-SCREEN] and observe the X-capture window and the animal [3.11.2.-SCREEN].

3.11.1. *T0 be provided by Authors
3.11.2. *To be provided by Authors 

3.12. Pressing the stage Z-axis control back and forth buttons [3.12.1.-CU], move the animal bed until the mouse chest is within the field of view [3.12.2.-SCREEN].

3.12.1. Few seconds buttons being pressed
3.12.2. *To be provided by Authors

3.13. Then use the animal bed control “left” and “right” arrows [3.13.1.-CU] to position the animal inside the blue bounding box [3.13.2.-SCREEN]. 

3.13.1. Few seconds arrows being pressed
3.13.2. *To be provided by Authors

3.14. Select “90” from the “Rotation Control” drop-down list in the control software window [3.14.1.-SCREEN] and click the “Set” button to rotate the gantry, making sure the animal remains within the blue bounding box of the “X-capture” window [3.14.2.-SCREEN-TXT].

3.14.1. *To be provided by Authors
3.14.2. *To be provided by Authors (TEXT: Align animal/animal bed w/   as necessary)

3.15. In the “X-capture” window, left click the mouse to resize the cardio-respiratory region of interest, dragging the edges so that the cardio-respiratory traces are clearly visible in the synchronization view [3.15.1.-SCREEN]. Press the home position and resize the region of interest for cardio-respiratory.

3.15.1. *To be provided by Authors

3.16. Make sure that the region of interest covers the diaphragm and the apical portion of the heart in all of the gantry positions [3.16.1.-SCREEN]. 

3.16.1. *To be provided by Authors

3.17. Then rotate the gantry 90 degrees to make sure that the cardio-respiratory traces are still clearly visible [3.17.1.-SCREEN-TXT].

3.17.1. *To be provided by Authors (TEXT: Minimize animal position/cardio-respiratory ROI adjustment to minimize ionizing radiation)

3.18. When the animal is in position, click the “CT Scan” button to initialize the acquisition [3.18.1.-SCREEN]; the “CT Scan Confirmation Message” will appear [3.18.2.-SCREEN].

3.18.1. *To be provided by Authors
3.18.2. *To be provided by Authors 

3.19. Click “Yes” [3.19.1.-SCREEN]; the red X-ray energizing indicator will turn on the instrument [3.19.2.-CU] and the scan will begin [3.19.3.-SCREEN].

3.19.1. *To be provided by Authors
3.19.2. Shot of red light 
3.19.3. *To be provided by Authors

3.20. At the end of the scan, observe the transaxial, coronal, and sagittal views of the reconstructions in 2D Viewer software [3.20.1.-SCREEN-TXT].

3.20.1. *To be provided by Authors (TEXT: Adjust anesthesia/repeat scan if movement artifacts)

3.21. Finally, remove the animal from the scanner [3.21.1.-MED] and monitor it until it is fully recovered [3.21.2.-CU-TXT].

3.21.1. Few seconds Talent removing mouse (Videographer: More Talent than mouse in shot)
3.21.2. Few seconds fully recovered mouse moving around in cage (TEXT: Acquire 2nd MicroCT 3-6 hrs after contrast injection)
4. Results: Representative MicroCT and myocardial perfusion imaging
4.1. Here, representative blood-pool short-axial end-diastolic [4.1.1.-LM] and end-systolic cross sections of a mouse heart with a myocardial infarction are shown [4.1.2.-LM]. 
4.1.1. Fig01A_LAD_Diastole.tif: no animation
4.1.2. Fig01B_LAD_Systole.tif: no animation
4.2. In these images, short-axial end-diastolic [4.2.1.-LM] and end-systolic cross sections of a mouse heart without myocardial infarction exhibit an excellent left ventricular cavity delineation, with little background noise [4.2.2.-LM].
4.2.1. Fig02A_SHAM_Diastole.tif: no animation
4.2.2. Fig02B_SHAM_Systole.tif: no animation
4.3. Note how the areas of contrast rarefaction corresponding to the myocardial infarction were well demarcated on the short-axial images of the mouse heart subjected to the left anterior descending coronary artery ligation [4.3.1.-LM], but not in the sham-operated animal [4.3.2.-LM].
4.3.1. Authors: please provide Figure 1 as its own .ai, .tif or .psd without the “A” and “B” labels OR please add arrows to either Fig01A_LAD_Diastole.tif or Fig01B_LAD_Systole.tif: please add/indicate arrows in both sets of images
4.3.2. Authors: please provide Figure 2 as its own .ai, .tif or .psd without the “A” and “B” labels OR Video Editor use corresponding Figure 2 image to Figure 1 used in 4.3.1. (e.g., Fig1A use Fig 2A; Fig 1B use Fig 2B): no animation
4.4. According to the 17-segment American Heart Association model, the left ventricle can be subdivided into basal [4.4.1.-LM], mid-cavity [4.4.2.-LM], and apical short-axial portions [4.4.3.-LM]. 
4.4.1. JOVE_Fig04A_EndDiastolic: please indicate outer ring of segments
4.4.2. JOVE_Fig04A_EndDiastolic: please indicate middle ring of segments
4.4.3. JOVE_Fig04A_EndDiastolic: please indicate inner ring of segments
4.5. In these representative circumferential polar plot displays, a dissimilar perfusion is clearly visible in the mid-anterior [4.5.1.-LM], mid-inferolateral [4.5.2.-LM], mid-anterolateral [4.5.3.-LM], apical anterior [4.5.4.-LM], and apical lateral segments [4.5.5.-LM] in the myocardial infarction mouse compared to the sham-operated animal [4.5.6.-LM].
4.5.1. JOVE_Fig04B_EndDiastolic: please indicate mid-anterior section (see #7 in 17-segment AHA model.tif)
4.5.2. JOVE_Fig04B_EndDiastolic: please indicate mid-inferolateral section of left bottom image (see #11 in 17-segment AHA model.tif)
4.5.3. JOVE_Fig04B_EndDiastolic: please indicate mid-anterolateral section of left bottom image (see #12 in 17-segment AHA model.tif)
4.5.4. JOVE_Fig04B_EndDiastolic: please indicate apical anterior section of left bottom image (see #13 in 17-segment AHA model.tif)
4.5.5. JOVE_Fig04B_EndDiastolic: please indicate apical lateral section of left bottom image (see #16 in 17-segment AHA model.tif)
4.5.6. [bookmark: _GoBack]JOVE_Fig04B_EndSystolic: no animation OR please outline areas 7, 11, 12, 13 and 16 from 17-segment AHA model.tif)

5. Conclusion (said by authors on camera)
5.1. Elza van Deel: Once mastered, the myocardial infarction induction can be completed in 45 minutes if it is performed properly, while the subsequent microCT imaging requires 4 hours.
5.2. Elza van Deel: While attempting this procedure, it’s important to remember that the cardiac functional performance is dependent on the type and degree of anesthesia. Thus for accurate measurements, the heart rate should be kept as physiological as possible during the image acquisition.
5.3. Jeroen Essers: An additional advantage of this technique is the ability to perform concurrent molecular analysis using optical imaging and fluorescent probes in combination with the computed tomography, for instance to monitor matrix metalloproteinase activity.
5.4. Jeroen Essers: After its development, this technique paved the way for researchers in the field of pharmacology to explore intervention strategies in mice and to analyze the impact of novel treatment strategies on disease progression.
5.5. Elza van Deel: After watching this video, you should have a good understanding of how to perform the surgical myocardial infarction procedure and to use the high-speed MicroCT system in conjunction with a blood-pool iodinated contrast agent.
5.6. Elza van Deel: Don't forget that working with isoflurane can be hazardous and that precautions, such as good ventilation, should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
Fig01A_LAD_Diastole.tif
Fig01B_LAD_Systole.tif
Fig02A_SHAM_Diastole.tif
Fig02B_SHAM_Systole.tif
JOVE_Fig04A_EndDiastolic
JOVE_Fig04B_EndDiastolic

17-segment AHA model.tif

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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