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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.3.-2.10., 4.1.-4.5., 5.1.-5.6.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Protocol 2.3.-2.10., 5.1.-5.6.; we’ll provide several surgical mice to ensure successful imaging
E.  Will the filming need to take place in multiple locations? Y, different floors same building
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to assess cardiac structure and function using echocardiographic imaging in a mouse model of heart disease induced by transverse aortic constriction, or TAC (Pronounce: T-A-C). (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Chris Liu: This method can help answer key questions in the cardiovascular research field regarding the mechanisms of heart disease in animal models. 

1.2. Chris Liu: The main advantage of this technique is that it can be used to reliably monitor the progression of heart disease over time in a noninvasive manner.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Xiaoyun Guo: Generally, individuals new to this method will struggle because the echocardiographic imaging and measurement acquisitions are challenging without visual demonstration.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Washington.
Protocol (read by voice talent at JoVE):

2. Transverse aortic constriction evaluation by B-mode and Doppler imaging
2.1. Before beginning the imaging, apply electrode gel to the paws of a transverse aortic constricted mouse [2.1.1.-WIDE-TXT] and tape the paws to an electrode pad [2.1.2.-CU-TXT].

2.1.1. Few seconds Talent adding gel to at least one pad (Videographer: More Talent than mouse in shot) (TEXT: See text for TAC/sham surgery procedure details)

2.1.2. Few seconds at one pad being taped, with gel on paw visible for at least part of shot (TEXT: Anesthesia: 2% isoflurane)
2.2. Then insert a rectal probe to monitor the body temperature during the procedure [2.2.1.-CU-TXT].

2.2.1. Few seconds probe being inserted (TEXT: Maintain 37(C via heating pad/lamp)

2.3. When the animal is ready, set the imager to the B-mode [2.3.1.-MED] and tilt the left side of the platform up as far as possible to rotate the mouse into the left decubitus position [2.3.2.-MED].
2.3.1. Few seconds Talent setting image to B-mode

2.3.2. Few seconds Talent tilting and rotating platform (Videographer: More Talent than mouse in shot) 
2.4. Holding the ultrasound transducer by the stand in the vertical position [2.4.1.-MED], place the probe on the animal’s chest along the right parasternal line with the notch pointing towards the chin [2.4.2.-CU].

2.4.1. Talent grasping/holding transducer by stand in vertical position

2.4.2. Probe being placed onto chest with notch pointing toward chin
2.5. Next, tilt the transducer up to the scapula and rotate the probe slightly clockwise [2.5.1.-CU] until the aortic arch comes into view [2.5.2.-SCREEN LM]. 
2.5.1. Transducer being tilted and rotated (Videographer: Split action into separate shots as necessary)

2.5.2. Authors: please provide Figure 1A as its own to show image of aortic arch coming into view
2.6. Observe the transverse aortic constriction site [2.6.1.-LM], located between the branching of the innominate artery [2.6.2.-LM] and left common carotid artery [2.6.3.-LM].
2.6.1. Authors: please provide Figure 1B as its own .ai, .tif or .psd file and without the “B” label: please add/indicate arrow and “Constriction” text

2.6.2. Figure 1B: please add/indicate IA text

2.6.3. Figure 1B: please add/indicate LCCA text

2.7. When the constriction site has been identified, click the “color Doppler” button on the workstation to switch to the color Doppler mode [2.7.1.-MED] and acquire images of the directionality and velocity of the blood flow across the constriction site [2.7.2.-SCREEN LM].
2.7.1. Talent pressing color Doppler button

2.7.2. Authors: please provide at least one image Figure 2B showing directionality and/or velocity of blood flow at constriction site 
2.8. Click “cine store” to store the images [2.8.1.-SCREEN MED]. Then click the “pulse wave Doppler” button to switch to the pulse wave Doppler mode [2.8.2.-MED/SCREEN].
2.8.1. Authors: please provide media demonstrating Few seconds Talent clicking “cine store” being clicked
2.8.2. Talent clicking PW Doppler button OR Authors: please provide media demonstrating PW Doppler button being clicked
2.9. Place the dashed cursor sample volume box immediately distal to the constriction site to find the stenotic jet with the highest velocity [2.9.1.-SCREEN/LM] and click the “pulse wave Doppler” button again to obtain waveforms of the aortic flow [2.9.2.-CU/SCREEN].
2.9.1. Authors: please provide media demonstrating Talent placing dashed cursor sample volume box immediately distal to constriction site OR Authors: please provide an image demonstrating cursor sample volume box immediately distal to constriction site
2.9.2. PW button being pressed OR Authors: please provide media demonstrating PW Doppler button being clicked
2.10. Then measure the peak velocity [2.10.1.-LM] and use the modified Bernoulli’s equation to calculate the pressure gradient across the constriction site [2.10.2.-LM].
2.10.1. Authors: please provide Figures 2A and 2B together in one .ai, .tif or .psd file without the “A” and “B” labels: please highlight/indicate bottom sham and TAC peak images
2.10.2. Authors: please provide Figure 2C as its own .ai, .tif or .psd file without the “C” label: please add/indicate TAC data bar and/or add asterisk (TEXT: pressure gradient = 4 x Vmax2)
3. Parasternal long axis view in B- and M-mode to assess cardiac dimension and contractility

3.1. To assess the cardiac dimensions and contractility, place a mouse subjected to TAC surgery onto the platform in the supine position [3.1.1.-WIDE] and position the transducer vertically with the notch pointing toward the mouse’s head [3.1.2.-MED].

3.1.1. Few seconds Talent positioning mouse on platform (Videographer: More Talent than mouse in shot)

3.1.2. Few seconds Talent positioning transducer (Videographer: More Talent than mouse in shot)

3.2. Lower the transducer onto the thorax parallel to the left parasternal line [3.2.1.-CU] and rotate the probe 30( counter-clockwise [3.2.2.-CU].
3.2.1. Few seconds transducer being lowered (Videographer: Combine 3.2.1. and 3.2.2. as appropriate) 
3.2.2. Probe being rotated (Videographer: Combine 3.2.1. and 3.2.2. as appropriate) 
3.3. Set the imager to the B-mode [3.3.1.-MED].
3.3.1. Authors: please provide media demonstrating full long axis sagittal view of heart Few seconds Talent setting imager to B-mode
3.4. Adjust the angle of the transducer [3.4.1.-CU] and focus the depth to visualize the left ventricle, the intraventricular septal wall, and a slight portion of the right ventricular wall [3.4.2.-LM].

3.4.1. Few seconds transducer angle being adjusted

3.4.2. Authors: please provide image showing left ventricle, intraventricular septal wall, and slight portion of the right ventricular wall, with each of these areas indicated with abbreviations (i.e. similar to Figure 1B) OR please provide Figure 3B TAC heart view with LV, IVS and RV wall indicated with text abbreviations like Figure 1B: please add/indicate LV, IVS and RV text when mentioned
3.5. Click “cine store” to save the images for later measurement of the cardiac wall thickness and chamber dimension [3.5.1.-SCREEN CU].
3.5.1. Authors: please provide media demonstrating at least one image being saved Few seconds Talent clicking “cine store” 
3.6. Using the “cardiac package” in the appropriate imaging software [3.6.1.-MED-over the shoulder], select the parameters of interest [3.6.2.-SCREEN LM] and draw the corresponding lines for each parameter in the desired echocardiographic image to obtain the cardiac wall thickness and chamber dimension measurements [3.6.3.-LM SCREEN].
3.6.1. Talent at computer, opening “cardiac package”, with monitor visible in frame

3.6.2. Authors: please provide media demonstrating the selection of the parameters of interest in the imaging software

3.6.3. Authors: please provide media demonstrating cardiac wall thickness and chamber dimension measurements bottom image from Figure 3B as its own .ai, .tif or .psd file without the “B” label
3.7. Then observe the cardiac wall movement patterns to check for any possible motion abnormalities [3.7.1.-SCREEN-TXT].
3.7.1. Authors: please provide media demonstrating cardiac wall movement patterns: TEXT: e.g. akinesia/hypokinesia/asynchrony

3.8. Next, switch to M-mode [3.8.1.-MED] and place the M-mode cursor perpendicular to the left ventricle walls at the papillary muscle [3.8.2.-SCREEN].

3.8.1. Talent selecting M-mode

3.8.2. Authors: please provide media demonstrating cursor being Talent placing cursor  perpendicular to LV wall at papillary muscle

3.9. Then click “cine store” [3.9.1.-CU] to acquire images for later measurement of the cardiac dimensions and fractional shortening [3.9.2.-LM].
3.9.1. Authors: please provide media demonstrating the drawing of lines for cardiac wall thickness/chamber dimension measurements in M-mode Talent clicking “cine store”
3.9.2. [added] Authors: please provide bottom image of Figure 3B as its own to show measurement of the cardiac dimensions and fractional shortening
4. Parasternal short axis view in B- and M-mode to assess cardiac morphology and function 

4.1. From the parasternal long axis view, rotate the transducer 90° clockwise to obtain a parasternal short axis view [4.1.1.-WIDE].
4.1.1. Few seconds Talent rotating transducer (Videographer: More Talent than mouse in shot) 
4.2. Adjust the transducer to give a horizontal cross-sectional “transverse” view of the heart in B-mode [4.2.1.-CU] with the papillary muscles visible in the 2 and 4 o’clock positions [4.2.2.-SCREEN LM].
4.2.1. Few seconds transducer being adjusted

4.2.2. Authors: please provide media Figure 4B top panel. Indicate demonstrating visible papillary muscles at 2 and 4 o’clock positions with asterisks
4.3. Next, switch to the M-mode [4.3.1.-MED] and place the M-mode axis at the middle of left ventricle [4.3.2.-CU SCREEN].
4.3.1. Talent switching to M-mode
4.3.2. M-mode axis being placed at middle of left ventricle 
4.4. Click “cine store” to save the images [4.4.1.-SCREEN CU].
4.4.1. Authors: please provide media demonstrating acquisition or storage of at least one parasternal short axis image Few seconds Talent clicking “cine store”
4.5. Then, using the “cardiac package”, select the appropriate short axis parameters [4.5.1.-SCREEN] and click on the image to draw the corresponding lines for each parameter to obtain the measurements [4.5.2.-LM-TXT].

4.5.1. Authors: please provide media demonstrating the selection of the parameter(s) of interest in the imaging software

4.5.2. Authors: please provide bottom image from Figure 4B as its own .ai, .tif or .psd file without the “B” label: TEXT: Short axis measurements correlate w/ long axis measurements
5. Apical four-chamber view in Doppler mode to assess systolic and diastolic function
5.1. To visualize both the left and right ventricles as well as the atria, from the short axis view in the B-mode [5.1.1.-WIDE], tilt the upper left corner of the platform to angle the mouse’s head down [5.1.2.-MED] and orient the transducer toward the right shoulder [5.1.3.-CU]; a “coronal” view of the heart will be achieved [5.1.4.-SCREEN LM].
5.1.1. Few seconds Talent selecting B-mode

5.1.2. Few seconds Talent tilting platform (Videographer: More Talent than mouse in shot)

5.1.3. Few seconds transducer being oriented

5.1.4. Authors: please provide media Figure 6A as its own demonstrating coronal view of heart

5.2. Visualize the mitral valve [5.2.1.-LM SCREEN]. Then switch to the color Doppler mode [5.2.2.-MED] and place the dashed cursor box sample volume at the tip of the mitral valve [5.2.3.-SCREEN].
5.2.1. Authors: please provide media demonstrating view of mitral valve

5.2.2. Talent switching to color Doppler

5.2.3. Authors: please provide media demonstrating the placement of dashed cursor box sample volume at tip of the mitral valve
5.3. To assess the flow patterns across the mitral valve, switch to the pulse wave Doppler mode [5.3.1.-CU] and align the Doppler probe cursor parallel to the direction of mitral blood flow using a less than 20( angle to determine the peak velocity [5.3.2.-LM SCREEN].
5.3.1. PW Doppler mode being selected
5.3.2. Authors: please provide Figure 6D as its own .ai, .tif or .psd file without the “D” label media demonstrating the Doppler probe cursor parallel to the direction of mitral blood flow: please indicate the 20 deg text and/or cursor box
5.4. After saving the images, choose the “cardiac package” [5.4.1.-MED] and choose “mitral valve flow” [5.4.2.-SCREEN LM].

5.4.1. Few seconds Talent at computer, choosing cardiac package

5.4.2. Authors: please provide media demonstrating the selection of “MV flow” 
5.5. Select the parameters of interest [5.5.1.-SCREEN LM] and draw the corresponding lines to obtain the appropriate measurements [5.5.2.-LM].
5.5.1. Authors: please provide media demonstrating the selection of at least one parameter of interest

5.5.2. Authors: please provide Figure 6D as its own .ai, .tif or .psd file without the “D” label: please indicate blue lines text in peak image/graph section of figure
5.6. Then calculate the myocardial performance index [5.6.1.-LM-TXT].
5.6.1. Authors: please provide Figure 6I as its own .ai, .tif or .psd file without the “I” label: TEXT: MPI = (IVCT+IVRT)/ET
6. Results: Representative morphological and functional post-surgical cardiac assessment
6.1. As demonstrated in these representative B-mode images, the aortic arch, innominate artery, left common carotid artery, and left subclavian artery can be observed in both sham [6.1.1.-LM] and TAC surgery hearts [6.1.2.-LM] but the aortic constriction is visible only in the TAC hearts [6.1.3.-LM]. 
6.1.1. Figure 1.pdf: please add/indicate IA, LCCA, LSA texts in sham image
6.1.2. Figure 1.pdf: please add/indicate IA, LCCA, LSA texts in TAC image
6.1.3. Figure 1.pdf: please add/indicate arrow and “Constriction” text in bottom image
6.2. Color [6.2.1.-LM] and pulse wave Doppler imaging of aortic flow across the constriction site [6.2.2.-LM] demonstrates that a successful TAC leads to a significantly increased flow velocity downstream from the constriction site [6.2.3.-LM].
6.2.1. Figure 2AB: please indicate top color Doppler images
6.2.2. Figure 2AB: please indicate bottom pulse wave images

6.2.3. Figure 2AB: please indicate peak(s) in TAC pulse wave image

6.3. Further, the M-mode tracings of several cardiac cycles from sham- [6.3.1.-LM] and TAC-operated hearts [6.3.2.-LM] demonstrate a significantly increased wall thickness and chamber dilation in TAC-subjected hearts [6.3.3.-LM] compared to control sham surgery hearts [6.3.4.-LM].
6.3.1. Authors: please provide lower images from Figures 3A and 3B without the “A” and “B” labels: please highlight/indicate sham image
6.3.2. Figure 3AB: please highlight/indicate TAC image

6.3.3. Figure 3 lower images: please add/indicate text/lines in TAC image
6.3.4. Figure 3 lower images: please add/indicate text/lines in sham image
6.4. In the parasternal short axis view, an increased wall thickness [6.4.1.-LM], ventricular dilatation [6.4.2.-LM], decreased contractility [6.4.3.-LM] and increased left ventricular mass are further evident in the TAC hearts [6.4.4.-LM].
6.4.1. Authors: please provide Figure 5AB LVAWd and LVPWd graphs together in one .ai, .tif or .psd file without the letter labels: please add/indicate black TAC data bars
6.4.2. Authors: please provide Figure 5CD LVISd and LVISs graphs together in one .ai, .tif or .psd file without the letter labels: please add/indicate black TAC data bars

6.4.3. Authors: please provide Figure 5EF LVFS and LVEF graphs together in one .ai, .tif or .psd file without the letter labels: please add/indicate black TAC data bars

6.4.4. Authors: please provide  Figure 5G LV Mass graphs as its own .ai, .tif or .psd file without the letter label: please add/indicate black TAC data bar

6.5. More, in pathological conditions with diastolic or systolic cardiac dysfunction, as in mice subjected to TAC, a decreased E- and A-velocity ratio [6.5.1.-LM] and an increased myocardial performance index value are also typically observed within the apical four chamber view [6.5.2.-LM].
6.5.1. Authors: please provide Figures 6E and 6i together in one .ai, .tif or .psd file without the “E” and “I” labels: please indicate black TAC data bar in E/A ratio graph
6.5.2. Figure 6EI: please indicate black TAC data bar in MPI graph
7. Conclusion (said by authors on camera)
7.1.1. Xiaoyun Guo: Once mastered, this technique can be completed in less than 30 minutes if it is performed properly.
7.1.2. Xiaoyun Guo: While attempting this procedure, it’s important to remember to follow the institutional guidelines on animal studies.

7.1.3. Xiaoyun Guo: Following this procedure, other methods, like hemodynamic analysis, can be performed to further assess the pressure-volume relationship
7.1.4. Xiaoyun Guo: After its development, this technique paved the way for researchers in the field of cardiovascular research to study cardiac hypertrophy and heart failure in animal models.
7.1.5. Xiaoyun Guo: After watching this video, you should have a good understanding of how to assess cardiac structural and functional changes in animal models of heart disease using echocardiographic imaging.
7.1.6. Xiaoyun Guo: Don't forget that working with isoflurane can be hazardous and that proper engineering controls and personal protective equipment should always be used while performing this procedure.  
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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, .eps, 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.  

Authors: please provide the requested files as indicated throughout the script 
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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