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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) N 

If yes, please list make and model of your microscope: and specify the steps by number/short description: 
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. Mouse preparation and echo setup

2. Evaluation of LV size and function

3. Evaluation of RV size 

4. Evaluation of RV VTI (blood flow)

5. Evaluation of PA size 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Getting good image quality – proper set up of the mouse and precise positioning of the ultrasound probe are essential
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to use echocardiography to assess right ventricular size and function as well as the presence and severity of pulmonary vascular disease in mice. (Intro) This is accomplished by first positioning the mouse and the echocardiography equipment for optimal imaging. (P1) In second step, the size of the right ventricle is determined. (P2) Next, the blood flow through the pulmonary artery is measured to assess right ventricular function. (P3) In the final step, the pulmonary artery size and pulmonary acceleration time is measured to evaluate the extent of the pulmonary vascular disease. (P4) Ultimately, the presence and severity of the right ventricular dysfunction and pulmonary vascular disease is determined by echocardiography. (P5)
(P1) with “positioning the mouse” please show 3.3.1. (mouse being placed into position); with “echocardiography equipment” please show 4.1.2. (transducer being rotated) OR any other appropriate transducer rotation shot
(P2) Authors: please indicate which shot measures RV size – all text indicates measurement of LV only
(P3) 5.5.1. (blood flow through aorta) (Authors: please confirm this is appropriate shot or indicate appropriate shot)
(P4) with “pulmonary artery is measured” show 5.4.1. (pulmonary artery being measured); with “pulmonary acceleration … disease” show 5.11.3. (heart rate being measured) (Authors: please confirm these are appropriate shots or indicate appropriate shots)
(P5) JoVe Figure 3.jpg (Authors: Is this an appropriate Figure to show evaluation of presence and severity of PVD? If no, please submit an appropriate figure as an .ai, .tif, or .psd 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. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

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

1.1. Evan Brittain: The main advantage of this technique over existing methods, like right heart catheterization, is that echocardiography is non-invasive and can be performed serially.   

1.2. Evan Brittain: Demonstrating the procedure will be Niki Penner, a research assistant from my laboratory. 
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Equipment preparation
2.1. Before beginning the procedure, examine the ultrasound transducer for defects. If an air bubble is observed, remove the screw located on the right side of the transducer head and add sterile water through the hole with a 26 gauge needle.
2.1.1. WIDE: Few seconds of Talent examining transducer

2.1.2. MED: Talent removing screw on right side of transducer 

2.1.3. CU: Sterile water being added through hole with 26 gauge needle
2.2. Next, open the software and choose the cardiac package from the drop down menu, along with the appropriate transducer. Click “initialize” to initialize the probe.

2.2.1. MED – over the shoulder: Talent sitting at computer opening software

2.2.2. SCREEN: Cardiac package being chosen from drop down menu, then transducer being chosen, then “initialize” being clicked
2.3. Then select the operator, animal, and date on the demographics screen. Click “start” to begin the program.
2.3.1. SCREEN: Operator, then animal, then date being selected then “start” being clicked
3. Mouse preparation
3.1. Now apply a small amount of lubricating ointment to the mouse’s eyes after anesthesia to avoid damaging the corneas.
3.1.1. WIDE: Few seconds Talent adding ointment to one eye (TEXT: Anesthesia: induction chamber, 3% vaporized isoflurane, O2 3 l/min)

3.1.2. ECU: Few seconds of ointment being applied to one eye

3.2. After sedation, use depilatory cream to remove the hair from the animal’s chest. Apply a skin moisturizer following the hair removal.
3.2.1. CU: (shot of animal’s abdomen only) Few seconds depilatory cream being applied to mouse’s chest

3.2.2. CU: (shot of animal’s abdomen only) Few seconds moisturizer being applied
3.3. Then, place the mouse in a ventrodorsal position on a heated table set to 37°C and gently tape down all four paws. Apply a dime size amount of transduction gel to the chest.

3.3.1. MED: Talent placing mouse in ventrodorsal position on heated table

3.3.2. CU: Shot of one paw being taped down

3.3.3. CU: (shot of animal’s abdomen only) Shot of transduction gel being applied to chest
4. Imaging in the parasternal long axis view
4.1. To image the animal in the parasternal long axis view, first lock the ultrasound transducer into place inside the mount on the rail system. Then rotate the instrument 10° counterclockwise so that the metal probe of the transducer is positioned directly over the heart.
4.1.1. WIDE: Talent locking transducer into place

4.1.2. MED: Talent rotating instrument counterclockwise

4.1.3. CU: Shot of transducer directly over animal’s heart
4.2. Next, manipulate the X and Y axes located on the rail system until the correct view is obtained. Then, select the “B Mode” to project a 2D live image.
4.2.1. MED: Few seconds Talent manipulating X and Y axes
4.2.2. SCREEN: Shot of “correct view”, then “B Mode” being selected
4.3. View the following anatomic structures on the monitor: the entire heart from apex to aorta; the lumen of the left ventricle; the posterior wall of the left ventricle; the interventricular septum; the lumen of the right ventricle; the anterior and posterior mitral valve leaflets; the ascending aorta; and the left atrium. 

4.3.1. SCREEN: Shots of each structure as mentioned with appropriate accompanying text (i.e., “Apex”, “Aorta”, “LV Lumen”, “LV posterior wall”, “Interventricular Septum”, “RV Lumen”, “Anterior Mitral Valve Leaflet”, “Posterior Mitral Valve Leaflet”, “Ascending Aorta”, “Left Atrium”) (Video Editor: Use EITHER 4.3. OR 4.4.)

4.4. OR  View the following anatomic structures on the monitor: the normal right ventricle; the normal interventricular septum; the apex; the normal left ventricle; and the posterior wall of the left ventricle

4.4.1. LAB MEDIA: JoVe Figure 1 long.jpg (Video Editor: Please highlight the blue text for each structure when it is mentioned) (Authors: If you choose the figure over the screen shot, please submit a file with only the paraternal long axis image from Figure 1 as its own individual .ai, .tif, or .psd file) (Video Editor: Use EITHER 4.3. OR 4.4.)
4.5. Then use the mouse to pull back through the video loop at the bottom of the image until the left ventricle is in systole and the aorta is at its greatest diameter. Click the scan button to freeze the image and obtain one diametric measurement of the aorta.
4.5.1. SCREEN: Video loop being pulled back until left ventricle is in systole and aorta is at greatest diameter
4.5.2. CU of “Scan” being clicked 
4.5.3. MED few seconds of diametric measurement being taken

4.6. Save the measurement by clicking the “Frame Store” button.
4.6.1. SCREEN: Measurement tool being selected, then straight line being drawn from anterior to posterior wall of aorta, perpendicular to long axis

4.6.2. SCREEN: “Frame Store” button being clicked
4.7. Finally, create a video loop by clicking “Cine Store”. (Note to video editor: 2 audio takes recorded for alternative pronunciations of “cine”.)
4.7.1. SCREEN: “Cine Store” being clicked
5. Imaging in the parasternal short axis view
5.1. To image the animal in the parasternal short axis view, reposition the transducer to the transverse 3 and 9 o’clock positions. Then angle the transducer mount slightly caudally, with the metal probe positioned horizontally and directly over the sternum, to achieve the best view of the aorta and the left ventricle lumen.
5.1.1. WIDE: Few seconds of Talent repositioning transducer

5.1.2. MED: Talent angling transducer mount slightly caudally  
5.1.3. CU: Shot of probe positioned horizontally over the sternum

5.1.4. SCREEN: View of aorta and LV lumen
5.2. Manipulate the X and Y axes on the rail system until the left ventricle lumen and anterolateral and posteromedial papillary muscles can be seen. Then further manipulate the Y axis cranially from the papillary muscle view, until the semilunar valve of the aorta comes into focus.
5.2.1. MED: Few seconds Talent manipulating X and Y axes (TEXT: B mode measurements)
5.2.2. SCREEN: Shot of left ventricle lumen and anterolateral and posteromedial papillary muscles 
5.2.3. CU: Shot of Y axis being manipulated

5.2.4. SCREEN: Shot of semilunar valve of aorta 
5.3. Obtain measurements of the aorta just above the valve at the greatest diameter and then manipulate the X and Y axes again until the main pulmonary artery bifurcates. 
5.3.1. SCREEN: Few seconds of measurements of aorta being obtained just above valve at greatest diameter

5.3.2. MED: Few seconds of Talent manipulating X and Y axes

5.3.3. SCREEN: Shot of main pulmonary artery bifurcation
5.4. Now “Freeze” the image and obtain the pulmonary artery measurement in systole.
5.4.1. SCREEN: “Freeze” being clicked, and then few seconds of pulmonary artery in systole being measured
5.5. Next, select “PW Mode” to produce a Doppler reading of blood flow through the aorta. Then place the sample volume just above the level of the aortic valve. 
5.5.1. SCREEN: “PW Mode” being selected, shot of blood flow through aorta/doppler reading of blood flow

5.5.2. SCREEN: Sample volume being placed just about level of aortic valve
5.6. Once a triangular Doppler envelope with dense white borders and a black interior are achieved, “freeze” the image and trace the border of the Doppler envelope to calculate the velocity time integral measurements.
5.6.1. SCREEN: Triangular dopple envelope w/ dense white borders and black interior appear, then “freeze” being clicked, then border being traced
5.7. Rotate the “Angle” knob located on the system console clockwise until the segmented yellow line seen in the image on the upper right-hand side of the monitor is at 0°. 
5.7.1. CU: Shot of Angle knob being rotated

5.7.2. SCREEN: Segmented yellow line moving to 0°
5.8. Then place the sample volume proximal to the level of the pulmonary valve in the center of the right ventricular outflow tract and repeat the velocity time integral measurements as just demonstrated.

5.8.1. SCREEN: Sample volume being placed in center of right ventricular outflow tract

5.8.2. SCREEN: Few seconds of VTI being measured  (TEXT: Blood flow should appear inverted) 
5.9. Resume the “B Mode” and reposition the transducer to obtain the “reference view,” a cross sectional view of the left ventricle at the level of the papillary muscles.
5.9.1. SCREEN: “B Mode” being selected

5.9.2. MED: Talent repositions transducer

5.9.3. SCREEN: Shot of cross section of left ventricle at level of papillary muscles
5.10. Then select the “M mode” to produce a continuous video feed and freeze the image. Pull back through the video loop if needed to a point where respiration is not occurring and then obtain the following measurements using the diagonal line icon: 
5.10.1. SCREEN: “M mode” being selected (TEXT: M Mode measurements), then few seconds of continuous feed, then “Freeze” being selected

5.10.2. SCREEN: Shot of pulling back through video loop to point where respiration is not ocurring
5.11. Three measurements of left ventricle end diastolic dimension and three measurements of left ventricle end systolic dimension. Then click the heart icon and measure the heart rate from systolic peak to systolic peak of the left ventricle posterior wall.
5.11.1. SCREEN: Shot of at least one measurement of left ventricle end diastolic dimension 

5.11.2. SCREEN: Shot of at least one measurement of left ventricle end systolic dimension 

5.11.3. SCREEN: Shot of heart icon being clicked, then few seconds of heart rate being measured
5.12. If the right ventricle lumen is dilated, obtain three measurements of the vessel using the diagonal line icon as just demonstrated 
5.12.1. SCREEN: Shot of dilated right ventricle, then at least one measurement of vessel with diagonal line icon (Video Editor: Skip shot 5.12.1./step 5.12. if not available)
5.13. Then, in “B Mode”, click the “Cine Store” button to record a video loop of the short parasternal axis view. 
5.13.1. SCREEN: “B Mode” being selected, then “Cine Store” being clicked, then few seconds of video being recorded in parasternal axis view
5.14. Finally, go to “File” and select “Browse Study” to recap the measurements. Then click “End Session”, followed by ”Commit Session Data” and export the data as a CSV file for subsequent analysis.
5.14.1. SCREEN: “File” being selected, then “Browse Study” being selected, then shot of measurements

5.14.2. SCREEN: “End Session” being clicked, then “Commit Session Data”, then “Export Data” (or other appropriate) being selected, then data being saved/exported/named as CSV file
6. Results: Representative quantification of right ventricle size and function
6.1. In this first figure, representative echocardiographic images of murine anatomy are shown. Here the parasternal long-axis view of a mouse heart with a normal anatomy can be observed, while in this image the anatomy is viewed along the parasternal short axis. Note that in this second image the right ventricle is enlarged.
6.1.1. LAB MEDIA: JoVE Figure1.jpg 
(Video Editor: with “here .. long-axis view” please highlight the entire image on left; 
with “ this image … short axis” please highlight the entire image on right; 
with “ Note .. enlarged” please highlight the “right ventricle” text in the right “parasternal short axis” image only)
6.2. The principal goals of this protocol are to quantify the right ventricle size and function and to understand the degree to which the pulmonary vasculature is diseased. The right ventricle size is best assessed in the parasternal long axis view and is measured as the distance from the free wall to the interventricular septum using m-mode, as just demonstrated. This image shows a normal size right ventricle in a control mouse, while here severe right ventricular enlargement in a mouse that underwent pulmonary artery banding can be observed.  
6.2.1. LAB MEDIA: JoVE Figure 2.jpg 
(Video Editor: with “measured .. as just demonstrated” please have the double headed arrow stretch/bounce to illustrate the area that is measured; 
with “this image shows … control mouse” please highlight the image on the left; 
with “while here .. observed” please highlight the image on the right)
6.3. In mice, it is not possible to accurately measure the usual metrics of right ventricle function as in humans. However, using pulse wave Doppler to measure the velocity time integral at the level of the right ventricular outflow tract and the diameter of the pulmonary artery, it is possible to estimate the right ventricle stroke volume.
6.3.1. LAB MEDIA: JoVE Figure3.jpg 
(Video Editor: with “using pulse wave doppler” please higlight the doppler wave data in the bottom left of the figure; 
with “measure … integral” please highlight the “Average VTI = 20.9 mm” text just above the doppler wave data; 
with “diameter of the pulmonary artery” please highlight the “PA area = pi(1.5/2)2 = 1.8 mm2” text in the middle of the figure and the blue “PA1= L : 1.50 mm” and line in the right image; 
with “right ventricle stroke volume” please highlight the “SV = 1.8 mm2 x 20.9 mm = 37.6 mm3 = 0.37 ml” text in the middle of the figure)
6.4. The right ventricle velocity time integral can be further interrogated to estimate the pulmonary artery pressure by measuring the pulmonary artery acceleration time. In humans, the pulmonary artery acceleration time is used to dichotomize the pulmonary artery pressure as high or low, and may be used to estimate the pulmonary artery pressure when a tricuspid regurgitant jet is not present.
6.4.1. LAB MEDIA: JoVE Figure4.jpg (Video Editor: with “the right .. intergral” please highlight the “RVOT VTI” text at the top of the image; with “measuring .. acceleration time” please highlight the white “Pulmonary acceleration time” text and accompanying arrow, solid line, and dotted lines)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. 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.
7.1. Niki Penner: Once mastered, this technique can be completed in 15 minutes if it is performed properly.

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.  

JoVE Figure 1.jpg
JoVE Figure 2.jpg
JoVE Figure 3.jpg
JoVE Figure 4.jpg
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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


