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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N

2. Does your protocol include software usage? (Y/N) Y yes for the image analysis only
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.1. 
3.2. 
4.1. 
4.4. 
4.5. 
4.6. 

What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.2.
4.3.

5. Will the filming need to take place in multiple locations? (Y/N) N


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Alessandro Evangelisti: This protocol allows non-invasive, high-resolution visualization and analysis of adult zebrafish heart function. The protocol can be used for validation of zebrafish heart disease models and potential drug screens [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 

1.2. Alessandro Evangelisti. This technique allows rapid positioning of the fish for correct imaging, providing accurate and reproducible results. The method is non-invasive and performed under-water, which allows quick recovery of the fish [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.



Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. All procedures involving zebrafish were approved by our Institutional Animal Care and Use Committee and are in compliance with the USDA Animal Welfare Act.
1.1. 

Section - Protocol
2. Experimental Set-up
2.1. To set up the platform for image acquisition, use small scissors or a scalpel to make an incision on a sponge at the 12 o'clock position [1]. Place the sponge in a glass container [2].
2.1.1. CU: Talent cuts at a sponge.
2.1.2. Talent places the sponge in a container.
2.2. Using double-sided tape, affix the glass container containing the sponge on the ultrasound platform [1]. Ensure the glass container is at the center of the platform and firmly attached [2]. 
2.2.1. Talent uses tape to fix the glass container on the ultrasound platform.
2.2.2. Shot of the container at the center.
2.3. Tilt the platform forward about 30 degrees using the knob on the left side of the platform holder [1]. Fill the glass container with approximately 200 milliliters of fish system water containing 0.2-milligram-per-milliliter tricaine methanesulfonate [2].
2.3.1. Talent tilts the platform.
2.3.2. Talent fills the container with water.
2.4. Insert the transducer within the micromanipulator holder on the working rail station, turning the notch of the transducer towards the operator [1]. 
2.4.1. Talent inserts the transducer into the holder.
2.5. Keep the array parallel to the ground with the working side longitudinal with respect to the stage [1]. Leave enough room, about 10 centimeters on both sides, for the now connected transducer-rail system to move along the x- and y-axes [2].
2.5.1. Shot of the array parallel to the ground.
2.5.2. Shot of the 10-cm room on both sides.
2.6. Log in to the control software and choose Mouse Small Vascular. Create a new study as well as a new series for each animal included in the study. Press the new study button located on the bottom left side of the screen on the browser page. The view starts in B-mode [1].
2.6.1. SCREEN: Talent operates in the software to start a new study. (Author Comment CU shot low of touch screen. MED shot of hand + hand)
3. Handling the Fish
3.1. Using a fish net, transfer the fish into a small tank containing system water with 0.2 milligrams per milliliter of tricaine [1]. Wait until the fish is fully anesthetized with no movement or no response to touch [2].
3.1.1. Talent transfers fish into a tank.
3.1.2. Talent touches the fish to show no movement.
3.2. Using a plastic teaspoon, gently and quickly transfer the fish into the glass container with the sponge into the previously made incision with ventral side of the fish facing up [1].
3.2.1. Talent transfers a fish into the incision of the sponge. Important Step
3.3. Gently lower the transducer using the handle on the rail system, placing it longitudinally and close to the ventral side of the fish with the notch of the transducer facing the operator [1].
3.3.1. Talent places the transducer close to the fish. Important Step
3.4. Leave 2-3 millimeters’ clearance from the fish [1]. Adjust the platform in respect to the transducer using the micromanipulator in all 3 axes [2] until the fish heart is visualized [3].
3.4.1. CU: Shot of the small distance between the transducer and the fish.
3.4.2. Talent uses the micromanipulator to adjusts the platform.
3.4.3. SCREEN: Show the fish heart, and then acquires images.
4. Image Acquisition and Fish Recovery
4.1. Immediately after localizing the heart, select or stay in B-Mode and reduce the field by zooming-in to achieve a closer look at the heart [1]. 
4.1.1. Talent operates on the touch screen to reduce the field. Important Step (Author Comment: low touch screen) (Editor: It appears that there are two touch screens on the device. I’m not sure when each screen should be shown, but perhaps both can be with a multi-panel?)
4.1.2. [Added Shot]: Talent operates on the touch screen to reduce the field. (Author Comment: Top screen)
4.2. If needed, enhance the quality or contrast of the image by setting the dynamic range to 45–50 decibels [1]. Go to the B-mode controls in the More Controls option and subsequently save the change to Mode Presets. Tap Mode Presets to select the optimized image acquisition setting every time before starting to image a new series [2].
4.2.1. SCREEN: Talent enhances the quality of the image. (Author Comment: low touch screen) (Editor: Would a multi-panel work here with the top/bottom screens?)
4.2.1.B [Added Shot]: Talent enhances the quality of the image. (Author Comment: top touch screen)
4.2.2. SCREEN: Talent saves the changes, and selects the optimized setting. (Author Comment: low touch screen)
4.3. Take as many images as desired in the long axis plane [1]. 
4.3.1. SCREEN: Talent saves images. (Author Comment: low touch screen)
4.4. Next, switch to Color Doppler for blood flow detection and acquisition [1]. Using the touch screen, position the quadrant on top of the atrioventricular valve and localize the inflow, which is distinguished by the red color signal [2]. Reduce the quadrant area as much as possible to increase the frame rate [3].
4.4.1. Talent switches to color doppler on the touchscreen. (Author Comment: low touch screen- show fingers) (Editor: Would a multi-panel work here with the top/bottom screens?)
4.4.1.B [Added Shot]: Talent switches to color doppler on the touchscreen (Author Comment: top touch screen) 
4.4.2. Talent positions the quadrant, and shows the red color signal. (Author Comment: low touch screen) Important Step (Editor: Would a multi-panel work here with the top/bottom screens?)
4.4.2.B [Added Shot]: Talent positions the quadrant, and shows the red color signal (Author Comment: top touch screen)
4.4.3. Talent reduces the quadrant area. (Author Comment: low touch screen) Important Step (Editor: Would a multi-panel work here with the top/bottom screens?)
4.4.3.B [Added Shot]: Talent reduces the quadrant area. (Author Comment: top touch screen)
4.5. [bookmark: _Hlk23171073]Activate the pulse wave Doppler Mode to sample ventricular blood inflow velocity [1]. Position the sample volume gate at the center of the atrioventricular valve to detect the maximum flow velocity. The red color signal becomes more yellowish [2]. 
4.5.1. Talent activates the pulse wave Doppler mode. (Author Comment: low touch screen) Important Step (Editor: Would a multi-panel work here with the top/bottom screens?)
4.5.1.B [Added Shot]: Talent activates the pulse wave Doppler mode (Author Comment: top touch screen)
4.5.2. Talent places the sample volume gate at the center of the valve, and shows the signal. (Author Comment: low touch screen) Important Step (Editor: Would a multi-panel work here with the top/bottom screens?)
4.5.2.B [Added Shot]: Talent places the sample volume gate at the center of the valve, and shows the signal (Author Comment: top touch screen)
4.6. Adjust the pulse wave angle on the screen using fingers so it aligns with the direction of the blood inflow [1]. Press start or update to start sampling the velocity of blood flowing into the ventricle [2].
4.6.1. Talent adjusts pulse wave angle. (Author Comment: low touch screen) Important Step (Editor: Would a multi-panel work here with the top/bottom screens?)
4.6.1.B [Added Shot]: Talent adjusts pulse wave angle (Author Comment: top touch screen)
4.6.2. Talent presses start (Author Comment: low touch screen) (Editor: Would a multi-panel work here with the top/bottom screens?)
4.6.2.B [Added Shot]: Talent presses start (Author Comment: top touch screen)
4.6.3.B [Added Shot]: Adjust baseline by lowering it in the flow velocity panel (Editor: I’m not sure when the authors want this shown. They may need to provide additional VO for this shot)
4.7. Determine the outflow velocity by placing the Color Doppler quadrant at the junction between the ventricle and the bulbus (pronounce as buhl·buhs) and localize the flow. This is distinguished by a blue color signal [1].
4.7.1. Talent places the color doppler quadrant, and shows the flow. (Author Comment: low touch screen) (Editor: Would a multi-panel work here with the top/bottom screens?)
4.7.1.B [Added Shot]: Talent places the color doppler quadrant, and shows the flow (Author Comment: top touch screen)
4.8. Position the sample volume gate right before the ventricle-bulbus junction and adjust the angle correction line to match the direction of the blood flow [1]. Adjust the baseline, raising it in the flow velocity panel, in order to detect and trace completely the signal peaks [2].
4.8.1. Talent positions the sample volume gate, and adjusts angle correction line. (Author Comment: low touch screen) (Editor: Would a multi-panel work here with the top/bottom screens?)
4.8.1.B Talent positions the sample volume gate, and adjusts angle correction line (Author Comment: top touch screen)
4.8.2. Talent adjusts the baseline. (Author Comment: low touch screen) (Editor: Would a multi-panel work here with the top/bottom screens?)
[bookmark: _GoBack]4.8.2.B [Added Shot]: Talent adjusts the baseline (Author Comment: top touch screen)
4.9. As soon as the image acquisition is complete, using a teaspoon, transfer the fish into regular system aerated water free of tricaine and let the fish recover [1]. 
4.9.1. Talent transfers the fish into water.
4.10. To help recovery, squirt water repeatedly over the gills using a transfer pipette to promote aeration of the water and oxygen transfer [1]. It usually takes 30 seconds to 2 minutes to resume gill movement and swimming [2].
4.10.1. Talent squirts water over the gills.
4.10.2. Talent shows the fish recovered.
5. Image Analysis
5.1. Open the image analysis software [1]. Select an image and click on the image processing icon. Using the available scale, adjust brightness and contrast of the image to allow clear visualization of ventricular walls or blood flow pattern [2].
5.1.1. Talent sits in front of a computer to open software.
5.1.2. SCREEN: Talent processes an image.
5.2. Using the B-mode image, open the drop-down list from the PSLAX (pronounce as Parasternal Long Axis) option on the cardiac package, measurements [1]. 
5.2.1. SCREEN: Talent opens the drop-down list
5.3. Select LV (pronounce as L-V) trace and trace the ventricular inner wall at systole and diastole to obtain the ventricular area in systole and diastole, end diastolic volume, and end systolic volume [1]. 
5.3.1. SCREEN: Talent traces on the image.



Section – Results
6. Results: B-Mode Images and Pulse Wave Doppler Images
6.1. In this study, the B-Mode images allowed for tracing of ventricular inner wall in systole and diastole, and obtaining of dimensional data, such as chamber and wall dimensions [1]. 
6.1.1. LAB MEDIA: Figure 5
6.2. Functional data was also obtained, such as heart rate, stroke volume, and cardiac output [1], as well as parameters of ventricular systolic function, including fractional area change and ejection fraction [2].
6.2.1. LAB MEDIA: Table 1 – Video editor: emphasize the different rows (HR, SV, CO) in Table 1 accordingly.
6.2.2. LAB MEDIA: Table 1 – Video editor: emphasize the different rows (FAC, EF) in Table 1 accordingly.
6.3. Measurements at the level of the atrioventricular valve using color Doppler Mode images [1] also provided ventricular inflow and outflow blood velocities [2]. 
6.3.1. LAB MEDIA: Figure 3
6.3.2. LAB MEDIA: Table 1 – Video editor: emphasize the last three rows.
6.4. Based on the pulse wave doppler image, a heart rate value was generated by tracing 3 consecutive aortic ﬂow peaks [1].
6.4.1. LAB MEDIA: Figure 6



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Alessandro Evangelisti: The most important thing is to position the ultrasound platform and the fish correctly for accurate imaging and to minimize the fish exposure to tricaine [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.2. Alessandro Evangelisti: Additional methods to support this procedure include zebrafish electrocardiogram for rapid detection of heart dysfunctions, like arrythmias or histology methods to evaluate heart tissue structure or cell death.
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. Alessandro Evangelisti: This technique allowed evaluation of heart function and establish a cardiac phenotype in zebrafish heart disease models. It also allows to test new drugs, study heart injury and regenerative capacity.
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 
7.4. Alessandro Evangelisti: Tricaine (MS-222) is a skin, eye and respiratory irritant. When preparing tricaine solution protective equipment should include a dust mask, eye shields and gloves [1].
7.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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