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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Location: Will the filming need to take place in multiple locations? (Y/N) N
D. Surgery: Does your protocol involve a surgery that during which there will be very little opportunity for our videographer to pause the action so that we can briefly introduce cue cards?  (Y/N) N
E.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? 
2.1, 3.4, 3.8, 3.12, 3.20, 4.7 
F,  What is the single most difficult aspect of this procedure and what do you do to ensure success?

3D ultrasound (section 4) is the single most difficult aspect of this procedure as it is dependent on the animal not moving at all during the scan across the heart. To ensure success make sure that the animal is appropriately anesthetized and the table is not affected by building vibrations (traffic outside building, centrifugers or other spinning equipment on other floors etc.)

1. Introduction
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this imaging procedure is to acquire 2D and 3D echocardiography of the beating heart of the axolotl. (Intro)
B. Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Anita Dittrich: This method can help answer key questions in the regenerative field, such as how cardiac regeneration progresses following myocardial injury. 
1.2. Henrik Lauridsen: The main advantage of this technique is that it provides high-resolution, non-invasive and repeatable evaluation of cardiac function in the axolotl.   

1.3. Mathias Møller Thygesen: Additionally, this method can also be applied to other amphibian model organisms, such as newts and Xenopus.
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects were in accordance with the national Danish legislation for care and use of laboratory animals and the experiments were approved by the Danish National Animal Experiments Inspectorate (protocol# 2015-15-0201-00615).
Protocol: (read by voice talent at JoVE)
2. 2D Echocardiography of an Axolotl: Preparations
2.1. Begin with positioning an anesthetized axolotl supine in the lip-shaped animal bed. [1.MED] When medium gets added the animal will float, so it must be secured with loose rubber bands. [2.CU]
2.1.1. Placing a limp axolotl into animal bed, supine
2.1.2. Securing the axolotl with rubber bands
2.2. Next, fill the bed with medium containing anesthetics so that the thorax is 3 to 5 mm deep. [1.CU-TXT]
2.2.1. Show the depth of the medium around the animal, talent is adding medium, TEXT: If imaging time < 5 min use anesthetic-free medium 
2.3. If only using B-mode, color Doppler mode and pulse wave Doppler mode data, then the axolotl can be alert for this procedure. [1.MED]  In this situation, position the animal prone in a hammock [2.CU] and let it recover from the stress for 30-60 minutes before proceeding. [3.MED-TXT]
2.3.1. Selecting cage with amphibian of interest and fishing it out of cage

2.3.2. Loading axolotl into hammock
2.3.3. Starting a timer and watching axolotl chill out in the hammock, TEXT: 30 – 60 min acclimation (Author Comment: Add clock/timer) (Editor: I’m not sure what the authors meant with this comment)
2.4. For white or albino animals, have a cold light source ready to help place the transducer. [1.MED]
2.4.1. Setting up a cold light source that can be used to place the transducer
2.5. For a transducer, use either a 40 or 50 Hz model, depends on the animal’s mass. [1.MED-TXT] Then, prepare the transducer ultrasound-gel and proceed with collecting data. [2.MED]
2.5.1. Comparing a pair of transducers, TEXT: < 20 g = 50 MHz; > 20 g = 40 MHz 
2.5.2. Preparing some gel for use on animal
3. 2D Echocardiography of an Axolotl: Data Collection
3.1. Begin with positioning [1.WID] the ultrasound transducer over the midline of the animal [2.MED] in the thoracic region and parallel to its long axis.  [3.CU]
3.1.1. Establishing shot, pan over the room
3.1.2. Preparing the transducer and bringing it into proximity the animal’s midline
3.1.3. Placing transducer on the midline of thorax, parallel to the long axis
3.2. A small portion of the ventricle, positioned to the right in the thoracic cavity, should appear in frame at the ventricular diastole. [1.LM]
3.2.0. [Added Shot]: Screen capture (Editor: If this shot seems good enough, please use it alongside 3.2.1 during this VO)
3.2.1. Supplementary_material_2.avi
3.3. A large portion of both atria should also be visible as should the sinus venosus. [1.LM] These structures should be identifiable in the systole or diastole view. [2.LM]
3.3.1. Fig 3A

3.3.2. Fig 3B
3.4. Next, translate the transducer 1 to 3 mm to the right [1.ECU] to obtain the ventricular long axis view. [2.LM] [3.LM]
3.4.1. Moving the transducer to the right

3.4.2. Fig 3C

3.4.3. Fig 3D
3.5. Ultimately, the correct position is attained when the cross-sectional area [1.LM] of the end-systole ventricle is at its maximum. [2.LM]
3.5.1. Fig 3F
3.5.2. Fig 3H
3.6. Anita Dittrich: Correct 2D ultrasound measurements are highly dependent on correct positioning of the transducer. Practice the transducer placement meticulously and perform inter-operator analysis to minimize subjectivity. [1.MED/WID]
3.6.1. Interview at bench

3.7. Now, in B-mode, acquire at least 3 cardiac cycles at a minimum of 50 frames per second. [1.MED] Choose between using the ‘general imaging’ mode or the ‘cardiology’ mode. [2.CU-TXT]
3.7.1. Setting up the ultrasound to collect B-mode data, show screen change from PD- to B-mode
3.7.2. Detail of the screen, setting mode to general imaging or cardiology and show heart beating, TEXT: See the text protocol for analysis details.
3.8. Next, translate the transducer along the long axis of the animal [1.ECU] until the center of the ventricle is in the middle of the screen.  [2.CU]  Then, rotate the transducer 90° clockwise [3.ECU] to obtain the mid-ventricular short axis view. [4.CU]
3.8.1. Adjusting position of transducer to long axis
3.8.2. Detail of screen showing the ventricle moving to middle
3.8.3. Rotating the transducer 90º
3.8.4. Detail of the screen showing change of image with rotation of transducer by 90º
3.9. From this position, evaluate the circular shape of the ventricle [1.CU] by translating the transducer along the long axis of the heart. [2.ECU]
3.9.1. Detail of the screen showing change of image when evaluating the circular shape of heart by translating the transducer
3.9.2. The translating movement of the transducer
3.10. Then, return the transducer to the long axis plane and translate it back towards the midline [1.ECU-TXT] to obtain the atrial long axis two-chamber view. [2.CU]
3.10.1. Moving the transducer to the long axis plate and back to the midline, TEXT: Slightly left of midline is okay.
3.10.2. Screen showing the long axis 2-chamber view coming being obtained
3.11. The correct position is achieved when the cross-sectional areas of the end-systole atria are at their maxima and the two atria combined assume the outline of the number ‘8’ when tilted about 45° to the left. Then, collect B-mode images. [1.LM]
3.11.1. Supplementary_material_6
3.12. To proceed, translate the transducer to the right until the outflow tract appears. [1.ECU] The ventricular end-systole view is correct when the diameter of the outflow is at its largest and when during mid-ejection, two of the semilunar valves at the entrance of the outflow are visible. [2.LM]
3.12.1. Adjusting the position of the transducer to show the outflow tract
3.12.2. Supplementary_material_8
3.13. From this view, velocity and flow measurements can be made using Doppler imaging.  Apply the Color Doppler-mode to map blood flow velocities in the outflow tract during the cardiac ejection. [1.LM]

3.13.1. Supplementary_material_9
3.14. Next, apply Color Doppler imaging … [1.LM] and Power Doppler imaging to visualize the blood flow in the ventricular view [2.LM] and do the same in the atrial view. [3.LM]
3.14.1. Supplementary_material_4
3.14.2. Supplementary_material_5
3.14.3. Supplementary_material_7
3.15. Next, use Color Doppler mode [2.MED] directed at the location of maximum blood velocity in the outflow tract running directly towards the transducer. [1.CU]
3.15.1. Adjusting image to PW-mode Color Doppler mode
3.15.2. Screen showing adjustment made to view max blood velocity
3.16. When the outflow is not completely perpendicular to the transducer, apply a ‘beam angle’ and ‘angular correction’ to correct the image by up to 45-degrees. [1.LM]
3.16.1. Figure 4G
3.17. Next collect velocity-time data in the pulse wave Doppler mode. During no phase of the cardiac cycle should the spiral valve overlap the view of the outflow. Collect data from at least three cardiac cycles. [1.CU] 
3.17.1. Screen showing PW mode image with heart pulsing
3.18. Then, without moving the transducer, acquire data in B-mode from at least three cardiac cycles.  [1.LM]
3.18.1. Fig 4E
3.19. Next, for anesthetized animals only, rotate the animal 90º so that right part of the animal is facing upwards [1.MED] and move the transducer to the oblique paragill view – just parallel and posterior to the protruding gills. [2.ECU] 
3.19.1. Rotating the animal 90º
3.19.2. Placing transducer in oblique paragill view location
3.19.3. View of screen as oblique paragill view is obtained
3.20. This view offers an alternative measurement of the blood flow velocity in the outflow tract. The outflow tract should be running downward at about 45º and the atria should appear under the outflow tract during ejection.  [1.LM]
3.20.1. Supplementary_material_11 
3.21. Finally, switch to pulse wave Doppler-mode and position the transducer to view the maximum blood velocity running away from the transducer in the outflow tract. [1.LM]
3.21.1. Supplementary_material_12
3.22. As needed, use up to 45º of ‘beam angle’ and ‘angular correction’ to make the outflow perpendicular to the transducer.  Then collect data in pulse wave Dopper mode and in B-mode from the same position, as before. [1.LM]
3.22.1. Fig 5E
4. 3D Echocardiography on Anesthetized Axolotl
4.1. 3D acquisition takes a while, so the axolotl must be anesthetized. [1.WID]  Place it supine in the lip-shaped animal bed, secure it with rubber bands [2.MED] and submerge its thoracic surface in 3 to 5 mm of ultrasound medium containing an anesthetic.  [3.CU]
4.1.1. Establishing shot with talent checking for anesthetized state of animal
4.1.2. Placing the animal in the bed and securing with rubber bands

4.1.3. Adding medium to the bed
4.2. Henrik Lauridsen: Movements during 3D acquisition are detrimental to subsequent reconstruction. If the animal moves during 3D ultrasound acquisition, the procedure must be repeated from the beginning. [1.MED/WID]
4.2.1. Interview at bench

4.3. Next, position the transducer over the midline in the thoracic region and [1.MED] place it parallel to the long axis for a sagittal 3D recording [2.CU] or orthogonal to the long axis for transversal 3D recording. [3.ECU]
4.3.1. Bringing the transducer into the vicinity of the animal’s midline in the thorx [Shots 4.3.1, 4.3.2, and 4.3.3 combined]
4.3.2. Positioning the transducer for a sagittal 3D view
4.3.3. Positioning the transducer for a transversal 3D view
4.4. Then, translate the transducer to ensure that the entire cardiac region [1.MED] gets covered in the subsequent 3D capture. Move it in both the in-plane dimension [2.ECU] and in the out-of-plane dimension.  [3.ECU]
4.4.1. Talent moving transducer while observing the screen
4.4.2. Moving the transducer in the in-plane dimension
4.4.3. Moving the transducer in the out-of-plane dimension
4.4.4. [Added Shot]: CU of joystick (Editor: I’m not sure where the authors wanted this used, so I haven’t called for it to be used anywhere)
4.5. For the imaging mode, if the animal’s heart rate is between 20 and 60 BPM [1.CU-TXT] select the ‘general imaging’ mode. [2.CU-TXT]  Otherwise, choose the ‘cardiology’ mode. [3.CU]
4.5.1. Monitor of the animal’s heart rate showing value between 20 and 60 bpm, TEXT: 20 – 60 bpm for general imaging
4.5.2. Setting the ultrasound to general imaging mode, TEXT: 50 – 150 frames / s
4.5.3. Setting the ultrasound to cardiology mode
4.6. Turn off the light. Now, in the raw B-mode image, adjust the ‘2D gain’ to a level where the anatomical structures are barely recognizable.  This will increase signal-to-noise-ratio in the final reconstructions.  [1.CU-TXT]
4.6.1. View of screen, adjusting gain to make the anatomical structures barely visible, TEXT: ~ 5 dB
4.7. Then, set the size of the z-step, or slice, to collect at least 1,000 frames. [1.CU] Now, translate the transducer one z-step at a time, taking a recording at each z-step, [2.MED] until the entire cardiac region has been covered.  [3.CU]
4.7.1. View of screen micromanipulator , setting z-step size
4.7.2. Moving the transducer and making recording of screen
4.7.3. Detail of screen during a recording, then movement, then next recording
5. Results: Echocardiography Measurements of a 10 g Axolotl 
5.1. A 2D echocardiographic analysis of a 10 gram, 10-cm, axolotl was performed using the described technique. [1.LM] The long axis view provided a good starting point.  [2.LM] The midline plane showed the sinus venosus, atria and parts of the ventricle.  [3.LM]
5.1.1. Fig 3 - all
5.1.2. Fig 3A
5.1.3. Fig 3B
5.2. Viewing the ventricular plane showed the ventricle to be spherical and highly trabeculated. [1.LM]  In the atrial plane, the atria appreared more irregular and barely trabeculated.  [2.LM] 
5.2.1. Fig 3C
5.2.2. Fig4A
5.3. The center of the outflow tract is close to the center of the ventricle. [1.LM]  Measurements of the cardiac cycle using pulse wave Doppler from the long axis and from the oblique paragill plane had some background noise. [2.LM] This noise was surmountable when making measurements of the velocity time integral. [3.LM]
5.3.1. Fig 3C next to Fig 4E
5.3.2. Fig 4G
5.3.3. Fig 5E
5.4. Color Doppler and power Doppler imaging showed the flow pattern through the heart chambers.  Views were possible from the ventricle [1.LM] … from the atria [2.LM] … and from the outflow tract. [3.LM]
5.4.1. Supplementary_material_4 and Supplementary_material_5 (shown side-by-side)
5.4.2. Supplementary_material_7
5.4.3. Supplementary_material_9
5.5. 3D echocardiography was also performed. This multi-planar view of the heart [1.LM] has many uses, such as surface and volume reconstructions [2.LM] or segmentation and generation of 3D models. [3.LM] 
5.5.1. Supplementary_material_13 – play slowly
5.5.2. Supplementary_material_14 – play slowly
5.5.3. Supplementary_material_15
6. Conclusion (said by authors on camera)

6.1. Henrik Lauridsen: After watching this video, you should have a good understanding of how to perform 2D and 3D echocardiography in the axolotl. 

6.2. Mathias Møller Thygesen: Once mastered, the 2D ultrasound technique can be done in less than 5 minutes per animal if it is performed properly, whereas the 3D acquisition can take up to an hour per animal.
6.3. Anita Dittrich: Following this procedure, other methods like heart extraction and histology can be performed in order to answer additional questions related to cardiac structure and anatomy.

Provided Media

2.4 - Supplementary_material_1. Transillumination to locate cardiac chambers in the axolotl.
3.2 - Supplementary_material_2. Long axis, midline view, B-mode.

3.5 - Supplementary_material_3. Long axis, ventricular view, B-mode. 

3.6 - Supplementary_material_10. Short axis, ventricular view, B-mode.

3.11 - Supplementary_material_6. Long axis, atrial view, B-mode.

3.12 - Supplementary_material_8. Long axis, outflow tract view, B-mode.

3.13 - Supplementary_material_9. Long axis, outflow tract view, Color Doppler mode.

3.14 - Supplementary_material_4. Long axis, ventricular view, Color Doppler mode; Supplementary_material_5. Long axis, ventricular view, Power Doppler mode; Supplementary_material_7. Long axis, atrial view, Color Doppler mode.

3.20 - Supplementary_material_11. Oblique paragill, outflow tract view, B-mode; Supplementary_material_12. Oblique paragill, outflow tract view, Color Doppler mode. 

5.5 - Supplementary_material_13. Three-dimensional surface rendering of beating heart in 70 phases (19.6 ms temporal resolution); Supplementary_material_14. Three-dimensional volume rendering of beating heart in 70 phases (19.6 ms temporal resolution)

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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