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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include 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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3.- 2.6., 2.13.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.8., 2.13.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Natia Kelm:  The overall goal of this method is the noninvasive visualization of the left anterior descending coronary artery function in rats via echocardiography to calculate the Coronary Flow Reserve [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Natia Kelm: This method offers an important assessment tool for the noninvasive diagnosis of microvascular dysfunction in diseased hearts and for evaluating potential therapeutic treatments throughout a study [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Jason Beare: Although reperfusion therapy has been shown to salvage jeopardized myocardium and to improve left ventricular function, functional abnormalities of small coronary vessels may occur after recanalization of the coronary artery [1].
 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Jason Beare: This method can provide insight into the coronary microcirculation of rats, as well as into other models, such as myocardial infarction or pressure volume overload of the left ventricle [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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 Institutional Animal Care and Use Committee (IACUC) the University of Louisville.


Section - Protocol
2. Pre-Ischemia Reperfusion (IR) Injury Ultrasound Imaging
2.1. Before pre- ischemia reperfusion surgery ultrasound imaging, confirm a lack of response to toe pinch in an anesthetized Fisher 344 (three-forty-four) rat [1-TXT], shave the hair from the chest [2], and place the animal in the supine position on a 37-38-degree Celsius built-in warming platform [3].
2.1.1. WIDE: Talent pinching toe Videographer: More Talent than rat in shot TEXT: Anesthesia: 5% -> 1.5-2% isoflurane
2.1.2. CU: Shot of shaved chest
2.1.3. MED: Talent placing rat into supine position Videographer: More Talent than rat in shot  Author comment: This step needs to be moved after 2.2.1.
2.2. Apply ointment to the animal’s eyes [1-TXT] and connect the 13-24-megahertz linear probe to the ultrasound machine [2].
2.2.1. ECU: Ointment being applied TEXT: Monitor heart rate via software 
2.2.2. MED: Talent connecting probe to machine
2.3. Set the application preset to cardiac imaging setting [1] and use the rail system to position the probe to obtain [2] the parasternal short axis view [3].
2.3.1. MED: Talent setting application preset
2.3.2. MED: Talent placing probe onto rat Videographer: More Talent than rat in shot
2.3.3. SCREEN: To be provided by Authors: PSAX view
2.4. Use the XY axis micromanipulator to move the probe in the rostral direction [1] to locate the pulmonary artery [2].
2.4.1. CU: Probe being moved rostrally
2.4.2. SCREEN: To be provided by Authors: Shot of pulmonary artery
2.5. Then move the probe slightly in the caudal direction [1] to view the left anterior descending coronary artery and store the image [2].
2.5.1. CU: Probe being moved caudally Author comment: Needs to be removed
2.5.2. SCREEN: To be provided by Authors: Shot of LAD, then image being stored 
2.6. When individual differences make it difficult to locate the left anterior descending coronary artery, move the probe lateral to the pulmonary artery [1-TXT] and angle the platform so that the animal is inclined, inverted, or slightly toward the right side [2], making the left ventricle more readily visible with the probe [3].
2.6.1. CU: Probe being moved laterally TEXT: LAD difficult to find w/o color Doppler
2.6.2. CU: Platform being moved Author comment: 2.6.1&2.6.2 Needs to be removed
2.6.3. SCREEN: To be provided by Authors: Shot of more visible LAD
2.7. Once the B-Mode image has been captured and cine-stored, click Color Doppler [1] and visualize the coronary artery in the short axis [2].
2.7.1. MED: Talent clicking Color Doppler
2.7.2. SCREEN: To be provided by Authors: Coronary artery being visualized in short axis
2.8. The red color, as observed in real time, is indicative of the direction of the flow [1].
2.8.1. SCREEN: To be provided by Authors: Use 2.6.2. Video Editor: please emphasize red color/blood flow direction 
2.9. After visualizing the lower anterior descending coronary artery in color Doppler mode, change the mode to the pulse wave [1] and look for the presence of a yellow-indicator line on the coronary artery [2].
2.9.1. MED: Talent selecting PW mode
2.9.2. SCREEN: To be provided by Authors: Shot of yellow indicator line on coronary artery
2.10. Place the yellow pulse wave-line in the middle of the coronary artery, taking care that the angle is parallel to the direction of the flow and use cine store to capture the velocity of the resting left anterior descending coronary flow at the peak diastole of the wave forms [1-TXT].
2.10.1. SCREEN: To be provided by Authors: yellow line being placed into middle of artery TEXT: Match on-screen probe angle w/ LAD angle Cine store being clicked/Velocity being captured
2.11. After obtaining the resting left anterior descending flow velocity, place a small strip of gauze around the base of the tail [1] and use hemostats to grab and twist the tourniquet to apply pressure, causing the vein to enlarge [2].
2.11.1. CU: Gauze being applied to tail
2.11.2. CU: Gauze being twisted
2.12. Carefully place a 25-gauge infusion butterfly needle attached to a 10-milliliter syringe loaded with Dobutamine into the dilated tail vein [1] and stabilize the needle with glue and a piece of a surgical tape [2].
2.12.1. CU: Needle being inserted
2.12.2. CU: Glue and/or tape being placed
2.13. When the infusion line has been secured, remove the hemostats and tourniquet to recover the flow [1] and place the syringe into an infusion pump set to inject 20 micrograms/kilogram/minute [2].
2.13.1. CU: Hemostats and/or tourniquet being removed
2.13.2. CU: Syringe being placed into pump
2.13.3. [Added Shot] Talent starting the pump
2.14. During the infusion, carefully monitor the left anterior descending artery peak and heart rate [1], periodically recording the left anterior descending artery pulse waves peaks in the Doppler mode under the Dobutamine-induced stress conditions [2].
2.14.1. MED: Talent monitoring LAD peak and heart rate, with monitor visible in frame
2.14.2. SCREEN: To be provided by Authors: Shot of LAD PW peaks increasing in response to Dobutamine
2.15. After the left anterior descending artery peaks and heart rate have plateaued during the challenge [1], stop the infusion to let the left anterior descending the tail vein infusion set [2], and remove the animal from the platform [3-TXT].
2.15.1. SCREEN: To be provided by Authors: Shot of plateaued peaks and/or heart rate
2.15.2. MED: Talent stopping pump
2.15.3. MED: Talent removing animal from platform TEXT: Allow animal to recover in home cage w/ monitoring
2.16. Then use the Peak Velocity tool to obtain the peak diastolic velocities from the images and calculate the coronary flow reserve index as the ratio of the left anterior descending artery stress peak diastolic flow velocity to the resting left anterior descending artery peak diastolic flow velocity [1].
2.16.1. SCREEN: To be provided by Authors: Peak diastolic velocities being obtained, then CFR index being calculated
3. IR Injury and Post-Injury Ultrasound Imaging
3.1. Fifteen minutes before the ischemia reperfusion surgery, administer 5 milligrams/kilogram of Meloxicam intramuscularly [1] followed by 2 milliliters of subcutaneous bolus of 0.9% saline to prevent dehydration [2]. 
3.1.1. WIDE: Talent delivering Meloxicam Videographer: More Talent than rat in shot
3.1.2. CU: Saline being delivered  Author comment: 3.1.1&3.1.2 Need to be removed
3.2. Using a fiber-optic light source, intubate rat with an 18-gauge IV catheter [1] and connect to the catheter to a ventilator [2].
3.2.1. CU: Rat being intubated
3.2.2. MED: Talent connecting catheter to ventilator  Author comment: 3.2.1&3.2.2-Those shots are provided by the author
Author comment: 3.3-3.5: Those shots are provided by the author
3.3. Next, use an 8-0 monofilament suture to ligate the left anterior descending artery through a 15-millimeter opening at the 5th intercostal space with a plain knot for 30 minutes [1].
3.3.1. CU: Suture being placed
3.4. At the end of the ischemia period, visually confirm the ischemia via discoloration of the heart surface [1] and release the ligature [2].
3.4.1. CU: Shot of ischemia/discolored heart surface
3.4.2. CU: Ligature being released
3.5. Reperfusion can be verified by the reddening of the previously discolored area of heart muscle [1]. 
3.5.1. CU: Shot of ischemia/heart muscle turning red
Author comment: 3.6&3.7 need to be removed.
3.6. After 1-2 minutes, use a 4-0 absorbable suture with an interrupted suture pattern to close the rib cage [1] and a 5-0 non-absorbable silk suture with a continuous suture pattern to close the skin [2].
3.6.1. CU: Rib cage being closed/suture being placed
3.6.2. CU: Skin being closed/suture being placed
3.7. Then return the animal to its home cage with monitoring until full recovery [1].
3.7.1. MED: Talent placing rat into cage Videographer: More Talent than rat in shot
3.8. Seventy-two hours after the surgery, measure the coronary flow and the coronary flow reserve as demonstrated [1] and compare the measurements to those obtained before the injury [2].
3.8.1. MED: Talent placing probe, with monitor visible in frame Videographer: More Talent than rat in shot
3.8.2. LAB MEDIA: Figure 3


Section – Results
4. Results: Representative Coronary Flow Analyses 

4.1. In this representative experiment, before the ischemia reperfusion surgery, the resting left anterior descending coronary artery velocity was measured as approximately 423 millimeters/second [1] to more than double the velocity after Dobutamine infusion [2].

4.1.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Cont B data box
4.1.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Cont D data box

4.2. Seventy-two-hours after ischemia reperfusion, the resting left anterior descending coronary artery velocity [1] was significantly higher compared to the resting left anterior descending coronary artery velocity before the surgery [2].

4.2.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize IR B data box
4.2.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize IR D data box

4.3. The stress response to a Dobutamine test after the injury [1] was reduced compared to the response before the surgery responses, however [2].

4.3.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize IR D data box
4.3.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Cont D data box

4.4. The coronary flow reserve is calculated as the ratio of the peak flow velocity during stress to the resting flow velocity [1] and was approximately 2.5 in young rats before surgery [2] but significantly reduced 72 hours after the injury [3].

4.4.1. LAB MEDIA: Figure 3B
4.4.2. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize Cont box
4.4.3. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize IR box

4.5. In addition, there were no significant changes in the systolic function of the left ventricle 72 hours after the injury [1].

4.5.1. LAB MEDIA: Figure 3C: JoVE Video Editor please add bracket and “n.s.” text over data boxes



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Amanda LeBlanc: After its development, this technique paved the way for researchers to explore and use the ultrasound imaging of coronary arteries in small animal models that accurately mimic human disease conditions [1]. 
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.2. Amanda LeBlanc: After watching this video, you should have very good understanding of how to measure coronary blood flow and to evaluate coronary microcirculation in a small animal cardiac disease model [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


 2018, Journal of Visualized Experiments	Page 1 of 10
image1.png




