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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___________3 and 4_______________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Select appropriate maximum velocity envelope (MVE) of E-wave and PDF fit_

[[Leo edit:

When you look at the E and A-wave contours, you'll often notice that the top edge of the wave may look a little rough. There can be some challenge in selecting the appropriate maximum velocity envelope, which provides the actual velocity data points to feed into the fitting algorithm. When the data is a bit noisy, the resulting fit can be quite sensitive to what you choose as the appropriate maximum velocity envelope, and experience with fitting lots of different waveforms is needed to ensure that an appropriate maximum velocity envelope is consistently selected.

]]
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 assess global left ventricular diastolic function in a patient using the parametrized diastolic filling, or PDF, formalism. (Intro)

This is accomplished by first collecting data on diastolic function from a complete echocardiographic study of heart function and transferring the data to a computer for analysis. (P1)
(Video editor: The authors have uploaded files P1.tif–P5.tif for the graphic overview.  I'm listing an lternative sequence if those are not viable. Here you can use shot 2.1.2)
The second step is to work with the transmitral flow images and focus on one heart beat.  A custom program extracts conventional diastolic function parameters for the E and A waves and preprocesses the image for the next step in analysis. (P2)
(Alternative: 2.5.3)
Next, the preprocessed transmitral flow image is loaded into a semi-automated fitting program.  A segment of the E wave is selected for fitting and a preliminary parametrized diastolic filling model is produced and overlaid on the image.   (P3)
(Alternative: 3.3.3)
The final step is to refine the fit, if necessary, and have the program generate the final parametrized diastolic filling model-based parameters for the input E wave. (P4)
(Alternative: 3.5.1)
Ultimately, the process yields parameters that quantify relaxation, stiffness, and load responsible for the patient's diastolic function.  These parameters have been used to distinguish between normal and pathologic function and elucidate new physiology. (P5)

(Alternative: TEXT on SCREEN: Chamber stiffness, k= 249/s2 [new line] viscoelasticity/relaxation, c=15/s [new line] Initial displacement/preload, x0=-7.6 cm [new line] Mean square error of fit: 0.005 cm/s)

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).   
(Video editor: The authors have uploaded files P1.tif–P5.tif for the graphic overview.  An alternative is given above.)
B.  Interview: (Said by you on camera. Don’t forget to smile!) 
1.1. Leonid Shmuylovich:  The main benefit of the PDF technique, is that it marries physical laws of motion with the actual suction pump physiology of diastole, in order to extract physiologically relevant diastolic function parameters from the waveform itself.  
1.2. Sina Mossahebi: In cardiac physiology, relaxation and stiffness are two well established physiological parameters that characterize diastole. The PDF method can help answer key questions in the field of cardiac physiology because it uncouples the key drivers of diastole into noninvasively measurable parameters. 
1.3. Simeng Zhu: The PDF method is a noninvasive technique that may provide insights into determinants of diastole that were previously only measurable by invasive means.  
1.4. Howard Chen: The beauty of this method is that it applies to anything in diastole that moves, so it’s equally valid for blood flow across the mitral valve as for mitral annular tissue motion during diastole.
Protocol (read by voice talent at JoVE):
2. Conventional Analysis of E- and A-wave Properties

Voiceover text: This protocol assumes data has been collected from a complete 2D echo-Doppler study done in accordance with American Society of Echocardiography criteria and stored in the DICOM format.
2.1. The sonogram analysis will be done using custom MATLAB and LabView programs. (TEXT: See manuscript on obtaining all custom programs.)  Use the custom MATLAB utility (TEXT: Program “DICOM Image Convert”) to convert the DICOM formatted images to bitmap files. Next, click on the “Find Folder With Images” button to load the bitmap files into the custom MATLAB program (TEXT: Program “Doppler Image Cropping”) for measuring transmitral flow parameters. Click on “Show Next Image” to review the images, and then select an image with a clear transmitral flow contour and a complete cardiac cycle for analysis.

2.1.1. WIDE: Talent arriving at and sitting down at computer

2.1.2. MED: Talent working at computer to convert images

2.1.3. SCREEN: click on “Find Folder With Images” button to load the images. Click on “Show Next Image” to review the images, and then select the image with a clear transmitral flow contour and a complete cardiac cycle for analysis.

2.1.4. A loaded image that will be used for the subsequent analysis

2.2. The loaded image has time along the horizontal axis and velocity along the vertical axis.   Determine the time sampling rate by clicking on the “TSR” button.  Use the hash marks on the image to identify two time points on the time axis that are one second apart.  Then use the cross-hairs to click on the lower left of the first hash mark to zoom in the image. On the zoomed in image click on the left edge of the desired hash mark and the image will zoom out.  Repeat the same procedure for the second hash mark that is exactly one second after the first hash mark.

2.2.1. SCREEN: 2.1.3 continued

2.2.2. SCREEN/LAB MEDIA: Cursor being moved to TSR button; button being clicked on

2.2.3. SCREEN:  Cross-hairs moving, clicking left of first  point hash mark and subsequent zoom

2.2.4. SCREEN:  Click on the left side of time point hash mark and zoom out

2.2.5. SCREEN:  Move to clicking to left of second point hash mark, zoom in, click on time point hash mark, zoom out

2.3. To find the velocity sampling rate, first set the unit of velocity to be marked in the box next to the “VSR” button; the default is 1 m/s or 100 cm/s.  Click on the “VSR” button, and use the cross-hairs to click on the lower left of the zero velocity point to locate v=0 on the zoomed in image. Note where the velocity scale is displayed on the image.  Click on the lowest edge of the zero velocity point, and the image zooms out.  Now, click to the lower left of the velocity point at the chosen value; usually 100 cm/s, and mark the lowest edge of the second point to complete velocity calibration in pixels.

2.3.1. SCREEN:  Move cursor to box

2.3.2. SCREEN:   Move cursor to click on the VSR button and click to the lower left of the zero velocity point and subsequent zoom

2.3.3. SCREEN:  Move cursor to click on the lower left the chosen velocity point zero velocity point and subsequent zoom

2.3.4. SCREEN: : Move cursor to complete selection of second point

2.4. Click on the “Mark E and A-wave” button.  First you define the start and end of one cardiac cycle. Do this by marking adjacent R peaks of the ECG following the same procedure used for marking time and velocity points. (TEXT: Other features of the ECG can be used.) The beat duration will be calculated based on the number of pixels and the time sampling rate.  After calculating the heart rate, use physiological markers to define the start of the isovolumic relaxation interval. Next obtain a zoomed in view of the waves of interest by clicking above the peak of the highest wave. When done, use the cross-hairs to select the Doppler E-wave peak point. This anchors the cross-hairs.
2.4.1. SCREEN: Cursor moves to select “Mark E and A-waves” button, then start with the program prompting for data, then proceed to mark the R peaks (Video editor:  This shot goes with the first three sentences.)

2.4.2. SCREEN: Cursor moves to select “Mark E and A-waves” button, then selects Selects E-wave peak point

2.5. Next, move the cross-hairs to the start of the E-wave. Notice that the cross-hairs define a line with one end anchored at the E-wave peak.  Before clicking, make sure the anchored line starts at the onset of the E-wave. Now mark the end of the E-wave, move the anchored line, and click at the end of the E-wave.  These visually determined points allow calculation of the E-wave acceleration and deceleration times.

2.5.1. SCREEN:  Moving cursor to start of E-wave, with slope initially incorrect

2.5.2. SCREEN:  Moving cursor so the slope is a better approximation of slope, then clicking

2.5.3. SCREEN:  Setting the end of the E-wave

2.6. Continue to mark the A-wave in a similar fashion.  Once this is done, the software will automatically generate a file with measured conventional echo parameters (TEXT: Measured parameters: Epeak, Apeak, E-wave acceleration and deceleration times) and cropped images containing only the selected E and A waves.

2.6.1. SCREEN:  Selection of A-wave

2.6.2. MED: Talent at computer, completing use of MATLAB programs
3.  Automated Fitting of Transmitral Flow via the Parametrized Diastolic Filling (PDF) Formalism
3.1. Perform the parametrized diastolic filling analysis of the E-wave in the custom LabView program. (TEXT: Program “DVP Analysis”) Analogous steps can be followed for the A-wave.  Identify and load the image file created during the conventional analysis.  The LabView program automatically selects the pixels to be fit and shows them in blue, green, and red.  To select pixels that better represent the wave contours, make sure “Change MVE” is selected under “Show fit.”  Then use the maximum velocity envelope threshold level sliders to the left of the image. (TEXT: Typically only the right slider is used.)

3.1.1. SCREEN: LabView open and ready for next steps.  Then, identify and load the file for analysis

3.1.2. SCREEN:  Image as initially displayed by LabView. Then move cursor to point to (or toggle) switch reading “Change MVE.”
3.1.3. SCREEN:   Move cursor to right slider.  
3.2. Increasing the threshold value selects pixels with higher brightness.  After setting the threshold, move to the E-wave start slider to begin selecting the time ranges.   Position the slider so that it excludes the noise at the E-wave start, and the associated vertical line intersects the upslope at about half or above of the peak velocity.  

3.2.1. SCREEN:  Move the slider up and down, then settle on select a good fit

3.2.2. SCREEN:   Move cursor to the E-wave start slider.  Move the slider to a reasonable position

3.3. Now, go to the E-wave end slider and position the associated vertical line about half way up the deceleration slope so that the usual noise close to the baseline is excluded.  Note the pixels in the selected range are shown in green.  When this is done, proceed by clicking “Fit E-wave” to start the PDF fitting. To see the fits, toggle the “Show fit” switch to “Show fit.”  

3.3.1. SCREEN:  Move cursor to the E-wave end slider and move it to a reasonable position

3.3.2. SCREEN:  Cursor moving to and clicking “Fit E-wave” and “Fit A-wave” in turn

3.3.3. SCREEN:  Cursor moves to toggle “Show fit” switch and pause to allow viewing of fit

3.4. Noisy data may make the fit very sensitive to the chosen maximum velocity threshold chosen.  If the fit is a poor approximation to the E-wave, adjust it by altering the E-wave time and maximum velocity envelope threshold sliders.  It is also possible to modify the E-wave parameters directly.  The fit parameters are displayed on-screen and values can be entered in their text boxes.   They can also be changed using the up and down arrows.

3.4.1. SCREEN: Pause to allow viewing of the fit, then move cursor to make adjustments with the E-wave time or threshold slider

3.4.2. SCREEN: Cursor moves to highlight values in a parameter box

3.4.3. SCREEN: Cursor is used to click on arrows of a parameter box

3.5. As the parameters are modified, the green curve representing the fit will change.  Once a satisfactory fit is obtained, click on “Update” to get the updated value of the Mean Square Error.  Once the E-wave has been optimized, click “Done” to generate plots and data files for later analysis.

3.5.1. SCREEN: Green curve changing as parameters are changed.  If possible, focus on the image

3.5.2. SCREEN: Move cursor to click on “Update”  

3.5.3. SCREEN: Cursor moving to and clicking “Done” along with ensuing results
4. Results: Parametrized Diastolic Filling Model Fits to Representative Filling Patterns 
4.1. Here is a normal or pseudonormal E-wave pattern, which are indistinguishable using conventional indexes.  Conventional E-wave derived diastolic function parameters are shown beneath the image.  The PDF parameter values are also shown.  In addition, the PDF model predicted fit is overlaid in green.  It demonstrates excellent fit.

4.1.1. LAB MEDIA: “Figure 2A”  (Video editor: Please highlight [maybe put a box around] the words “Conventional Echo Parameters” and the five items below that during the second sentence. Highlight the text “PDF parameters” and the three items below that during the third sentence.)

4.2. This is a 'delayed relaxation' pattern with its PDF model fit.  Note that, compared to normal, this E-wave has lower amplitude and longer deceleration time.  The PDF model parameter c, reflecting chamber viscoelasticity/relaxation, is higher than for the normal pattern.

4.2.1. LAB MEDIA: “Figure 2A”, “Figure 2B”  (Video editor:  Please move image from previous shot to the background [or eliminate it temporarily] and have Figure 2B in the foreground during the first sentence.  Place the two figures side-by-side for the second sentence with Figure 2A on the left.  Also during the second sentence, highlight the lines with the Epeak and E-wave DT values on both images.  During the third sentence highlight the lines with the c values in both images.)

4.3. The PDF model predicted fit for this 'constrictive restrictive' pattern is in close agreement with the clinical E-wave contour.  The tall, narrow E-wave 'constrictive restrictive' pattern is generated by chambers with increased stiffness and decreased ejection fraction.  In this example, the PDF stiffness parameter, k, is higher than both the normal and delayed relaxation pattern.

4.3.1. LAB MEDIA: “Figure 2A”, “Figure 2B”, “Figure 2C”  (Video editor:  Please put Figures 2A and 2B in the background [or temporarily eliminate them] and have Figure 2C in the foreground during the first and second sentence. For the third sentence, have Figures 2A, 2B and 2C  going from left to right and highlight the lines with the k values in all images.
5. Conclusion (said by authors on camera):
5.1. Howard Chen: Once mastered, this technique can be done in 1-2 minutes for each E-wave selected for analysis if it is performed properly.
5.2. Sina Mossahebi: While performing this procedure, it’s important to remember to  select relatively noise free E-waves whose maximum velocity envelope smoothly follows the outer contour of the E -wave_contour.
5.3. Simeng Zhu: Following this procedure, other methods like fitting tissue motion can be performed in order to answer additional questions regarding longitudinal chamber stiffness and relaxation.
5.4. Leonid Shmuylovich: After its conceptual development and in-vivo validation, this technique paved the way for researchers in the field of cardiovascular physiology to quantify longitudinal vs. transverse chamber impedance in diastole, extract a load independent index of diastolic function, and fractionate the E-wave deceleration time into its stiffness and relaxation components. In recent work, these techniques have been used to explore the relationship of diastolic function to vortex flow generation in both healthy and disease states.
5.5. Sándor J. Kovács: After having read the accompanying article and having watched this video, you should have a good conceptual understanding of how to assess the global left ventricular diastolic function via the PDF formalism.  
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.  

Insert your media filenames here.

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.
 2012, Journal of Visualized Experiments


