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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N   If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______1-4____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ________maintenance of heart rates at physiologic level and placement of the probe on the animals__________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to establish a non-invasive method to evaluate the structure and function of the right ventricle in a mouse model of pulmonary artery constriction. (Intro)
This is accomplished by first obtaining by ultrasound the Parasternal long axis B-and M Mode views to obtain Right Ventricle chamber dimension, fractional shortening, and Right Ventricle wall thickness. (P1)   Figure 2 
The second step is to obtain a Parasternal short-axis view at the mid papillary level to calculate fractional area change (FAC) (P2) Figure 3 
Next, the Parasternal short-axis view at the aortic valve level is obtained to attain RV wall thickness and Pulmonary Artery peak velocity . (P3)   Figure 4
The final step is to obtain a Modified parasternal long-axis view of RV and PA to calculate Pulmonary Artery peak velocity (P4) Figure 5 
Ultimately, based on the above images, step 5-data calculation and analysis can be performed offline. (P5)  Figure 7 A through H 
Authors, I have made some suggestions for the schematic above) 
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file). 

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Authors, please chose lines for each author who will be on screen. 
1.1. Author name _Hui-Wen Cheng___: The main advantage of this technique over existing methods, like RV catheterization, is that echocardiography is a non-invasive method.   

1.2. Author name _Sudeshna Fisch___: This method can help answer key questions in assessment of RV structure and function.  
1.3. Author name ___Hui-Wen Cheng____: Generally, individuals new to this method will struggle because the anatomy of Right Ventricle blocks the ultrasound waves due to its complex shape and its retrosternal position 
1.4. **Author name _______TBD _______: Demonstrating the procedure will be performed by (Hui-Wen Cheng)______ a _______ (technician, post doc, grad student) from my laboratory. 
1.4.1. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera (Hui-Wen Cheng)
Protocol (read by voice talent at JoVE):

2. Surgical Procedure and Anesthesia  
2.1. To begin this protocol, first obtain 8 week-old male C57BL/6 mice and allow them to acclimate for one week prior to any experimental procedures. Then, fully anesthetize animals and perform pulmonary artery occlusion in accordance with AVMA guidelines and your institution’s approved IACUC protocols. 
2.1.1.  TITLE SCREEN above can be spoken with the title screen for this section.
2.2. Note that during imaging, the proper choice of anesthesia, such as a short duration of inhaled isoflurane is crucial in the maintenance of heart beat at normal physiological rates. 
2.2.1. MED: Show the isoflurane set-up used for the mouse, (perhaps show the nose cone as it is placed on the mouse.) 

2.3. Images as seen here are collected using the Vevo2100 system.  Similar images may be obtained using ultrasound imaging systems from other manufacturers. It is recommended that all images should be obtained and analyzed in a blinded fashion whenever possible.  
2.3.1. WIDE/BROLL:  show the Vevo2100 system that will be used.  
3. Echocardiographic Image Acquisition and Measurements
3.1. Begin by using B Mode to obtain a full left ventricle parasternal long axis view. With the animal in a supine position on the platform, position the 40 MHz ultrasound probe, also known as the MS 550D, on the animal with about a 30° angle counterclockwise to the left parasternal line with the notch pointing in the caudal direction. 
3.1.1. LAB MEDIA: Figure 1A parasternal long axis view (authors, can you submit each panel (A through D) in figures as separate files? This is so that we can show then on screen one at a time.) MED over the shoulder: with animal in a supine position on the platform, talent positions the 40 MHz ultrasound probe on the animal as described above. 
3.1.2. CU: show the probe on the mouse as above.  
3.2. Then, adjust the probe angle by tilting slightly along the y-axis, as seen here, to obtain a full left ventricle chamber view in the center of the screen. Once the proper landmarks are clearly visualized, switch to M Mode.
3.2.1. LAB MEDIA: Figure 1D probe
3.2.2. CU: show as talent adjusts the probe for full left ventricle chamber view.  .
3.2.3. MED: With the proper landmarks on screen, talent switches the system to M mode.  
3.3. An indicator line will show up on the screen in the M Mode setting.  The line should be positioned to go through the widest portion of the right ventricular chamber using the aorta as a landmark, as illustrated here in both a pulmonary artery occlusion model and a sham mouse.  (Figure 2A and B). 
3.3.1. MED over the shoulder: show as talent positions the indicator line.
3.3.2. LAB MEDIA: Figure 2A alongside Figure 2B (authors, can you submit each panel in figures as separate files?  
3.4. In this view, the right ventricle wall and intraventricular septum should be clearly visible. Ensure that the focus depth lies in the center of the right ventricle chamber. Record the data in the highest possible frame rate for measurement of the right ventricle chamber dimension, fractional shortening, and right ventricle wall thickness off line. 
3.4.1. LAB MEDIA: All of figure 2:  2A and 2B are still on screen, then we see Figure 2C and 2D appear underneath.  
3.4.2. MED over the shoulder: talent records using the cine store function.  
3.5. Next, to obtain fractional area changes, use the parasternal long axis view (Figure 1A), then switch to B Mode and turn the probe 90° clockwise to obtain the parasternal short-axis view (show Figure 1B). Tip the probe slightly along the x-axis of the probe to prevent the obstructive view of the sternum.
3.5.1. LAB MEDIA: Figure 1A (parasternal long axis view), then Figure 1B (parasternal short-axis view) appears to the right.
3.5.2. MED over the shoulder: show as talent tips the probe slightly along the x-axis of the probe to prevent the obstructive view.  
3.6. Then, move slightly up and down along the y-axis of the probe to obtain the mid papillary level. Look for the view with the largest chamber dimension. In this view, the papillary muscles are typically located at the 2 and 5 o‘clock positions, as seen here.
3.6.1. MED: talent moves the probe slightly up and down along the y-axis of the probe to obtain the mid papillary level
3.6.2. LAB MEDIA: all of Figure 3  (with second 2 sentences) 
3.7. Now, from the parasternal short-axis view, move the probe at the y-axis toward cranium until the aortic valve cross section can be seen in the middle of the window. 
3.7.1. MED Over the shoulder: talent moves the probe at the y-axis toward cranium until the aortic valve cross section can be seen.
3.8. The right ventricular outflow tract (RVOT) should be visible on the top as a crescent-shaped structure with the tricuspid valve separating the right ventricle from the right atrium as illustrated here (show Figure 4 A and B.)  Record the data using cine store for the measurement of the Right Ventricle wall thickness off line.  
3.8.1. LAB MEDIA: Figure 4A and 4B (authors, can you submit each panel in figures as separate files?)  
3.9. Remain at the same position, switch to Color Doppler Mode, and position the yellow PW- dashed line parallel to the direction of flow in the vessel. Note that blue and red colors indicate flow away from and toward the probe, respectively.
3.9.1. MED over the shoulder: talent switches to color doppler mode. 
3.9.2. LAB MEDIA:  Figure 4C and D
3.10. Then, place the pulse wave cursor on the stenosed area. It is acceptable to have a probe angle less than 20 degrees for accurate measurement.  Record data using cine store for measurement of PA peak velocity off line.  
3.10.1. CU: show as talent places the pulse wave cursor at the tip of the pulmonary valve leaflets, with the probe at an angle less than 20 degrees.
3.10.2. MED over the shoulder: talent records data using cine store.  
3.11. Next, to obtain a modified parasternal long-axis view, continue on B Mode setting, and position the probe to the right parasternal line and slowly tilt the probe to about a 30-45 degree angle on the y axis of the probe toward the chest to clearly visualize the pulmonary artery crossing over the aorta.  (Show as illustrated in Figure 5A and B)
3.11.1. LAB MEDIA: figure 1C
3.11.2. MED over the shoulder: talent slowly tilts the probe to about a 30-45 degree angle on the y axis of the probe toward the mouse’s chest
3.11.3. LAB MEDIA: Figure 5A and 5B (authors, can you submit each panel in figures as separate files? - ?)  
3.12. Then switch to Color Doppler Mode and position the yellow PW- dashed line parallel to the direction of flow in the vessel (Figure 5C and D). Place the PW cursor at the tip of the pulmonary valve leaflets and record data using cine store and measure PA peak velocity off line. 
3.12.1. LAB MEDIA: Figure 5C and 5D
3.12.2. MED over the shoulder: Talent places the cursor at the tip of the pulmonary valve leaflets and records data. 
4. Data Calculation and Analysis (Use Video capture)
4.1. Right ventricle wall thickness can be calculated from the B Mode data obtained from the right ventricle parasternal short-axis view at the aortic level. Begin by selecting the 2D area tracing tool to trace the area of the right ventricle wall at diastole, as seen here in pink.  
4.1.1. MED over the shoulder:  Talent selects the 2D area tracing tool and begins to trace the area of the right ventricle wall
4.1.2. LAB MEDIA:  Figure 6   - (pink area indicated, perhaps highlight or use arrow)
4.2. Then, use the distance tracing tool to trace the inner and outer circumferences of the wall of the right ventricle outflow tract. Take the average of the inner and outer circumferences. Right ventricle wall thickness can be calculated using the equation seen here (show on screen: [image: image2.png]RVW=.




 ),. 
4.2.1. LAB MEDIA:  Figure 6 – (Blue areas indicated, perhaps highlight or use arrow)
4.2.2. MED Over the shoulder: Show as talent uses the distance tracing tool to trace the inner and outer circumferences of the wall of the Right ventricle outflow tract.   TEXT ON SCREEN appears: [image: image3.png]RVW=.





4.3. Consistent measurements of right ventricle wall thickness, area, or dimensions can be made using multiple acoustic windows, in both the long- and short-axis. The choice of some of these windows will depend on operator experience, and may account for some variability. 
4.3.1. MED: show talent  using the computer from a side view, (maybe get a couple shots in case needed) 
4.3.2. MED over the shoulder: talent using computer to make additional calculations for the above (or, perhaps just reviewing results of multiple calculations)   

5. Results:  Right Ventricular Structure and Function in Mice.  
5.1. As seen here, systolic function of the right ventricle can be measured in PLAX view as percent Fractional shortening, or in mid papillary muscle view as percent fractional area change, respectively. 
5.1.1. LAB MEDIA: Figure 7A and 7B   (authors, can you submit each panel in figures as separate files?)  
5.2. The RV dilation can be measured in the long- and short-axis as right ventricle chamber dimension (RVIDd) and Right ventricle area in diastole. 
5.2.1. LAB MEDIA: Figure 7C and 7D.
5.3. Right Ventricle free wall thickness, as a marker of RV hypertrophy, can be determined accurately either using M Mode or the area-trace method.
5.3.1. LAB MEDIA:  Figure 7E and 7F. 
5.4. Similarly, the pulmonary artery peak velocity can also be obtained with either the Parasternal long axis or short-axis mode. Reliable measurements of PA peak velocity and thus, peak-pressure gradient within the PA can be obtained using Color Doppler in both short- and long- axis acoustic windows. 
5.4.1. LAB MEDIA: 7G and 7H
5.5. Lastly, in this study we show that non-invasive echocardiography is a viable alternative to the terminal right heart catheterization method currently used as the gold standard for RVSP measurement. For 5 animals, catheterization was performed for comparison to RVSP measurement, and calculations of pressure were highly comparable. 
5.5.1. LAB MEDIA: figure 8 
6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
Authors, please chose lines for each author who will be on screen. 
6.1. Author name _Hui-Wen Cheng__: Once mastered, this technique can be done in 15-20 min if it is performed properly.

6.2. Author name ___Sudeshna Fisch___: While attempting this procedure, it’s important to remember to keep the heart rate of the mice at physiological levels.
6.3. Author name _Hui-Wen Cheng_____: Following this procedure, other methods like Right Ventricle catheterization can be performed in order to obtain right ventricle systolic pressure.

6.4. Author name __Sudeshna Fisch_____: After watching this video, you should have a good understanding of how to measure the structural and functional changes in the right ventricle in mice, using echocardiography, following pulmonary artery constriction.
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, 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.  

1.4 - Figure2 tif-panel C: Parasternal long axis (PLAX) M Mode view of sham animal
1.4 - Figure 2tif-panel D : Parasternal long axis (PLAX) M Mode view of animal after PAC

2.3 - Figure 3 tif- Parasternal short-axis view at mid papillary level of animals of sham and PAC
3.4 - Figure4 tif-panel C: : Parasternal short-axis view at aortic valve level (RV PSAX aortic level) to obtain PA velocity in sham animal

3.4 - Figure4 tif panel D : Parasternal short-axis view at aortic valve level (RV PSAX aortic level) to obtain PA velocity in PAC animal

4.1 - Figure 5tif – panel A: Modified parasternal long-axis view of RV and PA in sham animal
4.1 - Figure 5tif – panel B: Modified parasternal long-axis view of RV and PA in PAC animal

4.2 – Figure 5tif - panel C: Modified parasternal long-axis view of RV and PA to obtain PA peak velocity in sham animal 

4.2 – Figure 5tif - panel D: Modified parasternal long-axis view of RV and PA to obtain PA peak velocity in PAC animal 
General Preparation      (N/A)
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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


