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Authors, please fill out the brief questionnaire below.   

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_____________2-5_____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 


Conceptual Narrative:
The overall goal of the following experiment is to use patient-specific mathematical models to quantify the effects on myofiber stress after injection therapy using an alginate hydrogel, Algisyl-LVR. (Intro)

This is achieved by first identifying the left ventricular free wall half-way between the apex and base for implantation of the hydrogel. (P1, ask Adria for a human heart that Ron is drawing. Add an arrow pointing to the left ventricular wall halfway between the top and bottom of the left ventricle.)

As a second step, inject 0.3 ccs of the hydrogel slowly in one uninterrupted motion at 10 – 19 sites along the mid-ventricular level.  This thickens the left ventricular free wall. (P2, have a stock syringe go into the ventricular wall and show the plunger depressing.)  

Next, a patient-specific mathematical model of the left ventricle is constructed using MRI images from before and after injection in order to quantify the effects of the hydrogel injection therapy on myofiber stress. (P3, Figure 2)

Results show ventricular myofiber stress is reduced over time by the addition of the Algiysl-LVR hydrogel. (P4, figure 1)


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!)  

1.1. Julius: The main advantage of this technique over existing methods, like estimating stresses using Laplace’s Law, is that mathematical models can take into account the ventricular fibrous tissue structure and predict regional fiber stress distribution in the ventricles.   
1.2. Julius: Demonstrating the procedure will be Dr. Lik Chuan Lee a Postdoctoral Scholar here in the Department of Surgery. 
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): 

2. Algisyl-LVR hydrogel implant procedure
2.1. To begin this procedure, access the heart through standard sternotomy.  During the procedure, the heart should remain beating and no cardiopulmonary bypass is required.
2.1.1. LABMEDIA: Alginat_highres.avi, 0:18-0:22
2.1.2. LABMEDIA: Alginat_highres.avi, 4:56-5:08 
2.2. Once access to the heart has been created, identify the free wall of the left ventricle at the mid-ventricular level which is half way between the apex and base of the heart.
2.2.1. LABMEDIA: Alginat_highres.avi, 0:34-0:42
2.3. Next, mark the location for intramyocardial injections of alginate hydrogel using a surgical marker.  Make as many as 10-19 markings along a single line 1 cm apart starting at the antero-septal groove and ending at the postero-septal groove at the mid-ventricular level.
2.3.1. LABMEDIA: Alginat_highres.avi, 0:42-0:57
2.4. Right before use, mix the Algisyl-LVR together by combining a sterile solution of sodium-Alginate at 2% weight per volume in 6% mannitol with sterile calcium-alginate that is suspended as insoluble particles, also in 4.6% mannitol.
2.4.1. LABMEDIA: Alginat_highres.avi, 0:31 (Video Editor: Show a still image of the syringes and add an arrow pointing to the right syringe and label it “Sodium Alginate Solution” when spoken by the voice talent and an arrow to the left syringe and label it “Calcium Alginate Suspension” when spoken.)
2.5. Pass the solutions back and forth between two syringes 5 times to mix the alginate hydrogel. 
2.5.1.  LABMEDIA: Algisyl-LVR mixing and gel.wmv 0:00-0:07
2.6. Once the hydrogel is thoroughly mixed, angle the tip of the syringe in order to make it easier to inject the mixture in the intramyocardial space.
2.6.1. LABMEDIA: Alginat_highres.avi, 1:04-1:10
2.7. Two minutes after the initial mixing of the gel, insert the needle at a 45 degree angle and inject 0.3 cc of the mixture at a rate of 0.1 cc/second. If the needle becomes clogged at any time, remove and replace the needle.
2.7.1. LABMEDIA: Alginat_highres.avi, 1:22-1:40
2.8. Continue to inject the mixture into each location on the wall of the left ventricle that was previously mapped. Each syringe contains enough hydrogel solution for use at 4 to 5 implant sites.  As many as 5 hydrogel preparations may be needed depending on the size of the left ventricle. 
2.8.1. LABMEDIA: Alginat_highres.avi, 1:42-2:28 (*each video section listed in this section should be sped up and showed for a few seconds to emphasize the number of locations the gel is injected into.  If time is limited, some of these sections may be excluded)
2.8.2. LABMEDIA: Alginat_highres.avi, 2:37-2:43 
2.8.3. LABMEDIA: Alginat_highres.avi, 2:49-3:03 
2.8.4. LABMEDIA: Alginat_highres.avi, 3:22-3:33 
2.8.5. LABMEDIA: Alginat_highres.avi, 4:09-4:37 
3. Digitization of the Left Ventricle
3.1. To begin the digitization of the left ventricle for analysis, first obtain the short and long axis MRIs containing images of the left ventricle.  
3.1.1. MED: Talent sits down at the computer and begins to load the images onto the screen.
3.1.2. SCREEN: Talent loads the images onto the screen.
3.2. Using freely available software, MevisLab, and its Contour Segmentation Object library, digitize the endocardial surface and epicardial surface of the left ventricle.
3.2.1. SCREEN: Talent opens the software, imports the image, and begins to digitize the surfaces.
3.3. Contour the endocardial and epicardial boundaries found in the short axis and long axis views of the MRIs containing the left ventricle.  The points of the epicardium and endocardium are then automatically generated in 3D space.
3.3.1. MED Over the Shoulder: Talent loads an example in MevisLab.
3.3.2. LABMEDIA: Contouringnew.avi
3.3.3. SCREEN: Talent causes the points to be automatically generated showing 3D structure.
3.4. Then, import the 3D points into commercially available software called Rapidform using a function called “Input cloud points”.  This will create a polygon mesh.
3.4.1. LABMEDIA: Figure 2 (*begin by showing image (a), the arrow with the word “RAPIDFORM” should appear when “import” is spoken.)
3.4.2. SCREEN: Talent importing the 3D points into Rapidform using the “Insert/Import” function.
3.4.3. LABMEDIA: Figure 2 (*bring image (a) and the arrow with the word “RAPIDFORM” back onto the screen and add figure (b) to the right of it.)
3.5. Finally, output the surfaces as initial graphics exchange specifications (or IGES) surfaces.
3.5.1. SCREEN: Talent exports the IGES file.
3.6. The next step in this process is to import the IGES surfaces into commercially available software called TrueGrid in order to create a finite element mesh of the left ventricle.
3.6.1. LABMEDIA: Figure 2 (*Bring back the final image from 3.4.3, then shift the images so that (a) is on the far left and (b) is now in the center of the screen.  Next, add an arrow with the text “TRUEGRID” pointing from image (b) to the right and show image (c) on the far right.)
3.6.2. SCREEN: Talent imports the IGES file into TrueGrid.
3.7. Using the TrueGrid software, fill the space between the endocardial and epicardial surface with an eight-node tri-linear brick element. In general, a mesh containing about 3000 elements with 3 elements through the wall thickness is sufficient to model the left ventricle.
3.7.1. SCREEN: Talent performs the major steps to create the finite element mesh.
3.7.2. Then, export the mesh as an input deck for the finite element solver LS-DYNA. 
3.7.3. MED Over the Shoulder: Talent exports the mesh and inputs it into the finite element solver. 
4. Quantification of left ventricular stress using mathematical modeling
4.1.1. To quantify left ventricular stress using the finite element method with LS-Dyna, import the input deck as a .k file from TrueGrid into Closer, an in-house software available upon request.  Closer will automatically assign the prescribed myofiber direction in each element as a vector.
4.1.2. SCREEN: Talent imports the .k file and begins the program.
4.1.3. LABMEDIA: Figure 2 (*Show image (a-c) as the top 3 parts of a  3x2-pannel figure in the background, at the same time bring in image (d) in the center (large) and over the top of the other images.  Then shrink it down to a position in the bottom right and add the arrow with the text “CLOSER”.
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4.2. Next, write the boundary conditions and assign the myocardial material model to the elements imported from TrueGrid. 
4.2.1. LABMEDIA: Figure 2 (*Show image (a-c) as the top 3 parts and D in the bottom right of a  3x2-pannel figure in the background, at the same time bring in image (e) in the center (large) and over the top of the other images.  Then shrink it down to a position in the bottom center and add the arrow with the text “Boundary Conditions”.
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4.3. First, impose nodal displacements at the left ventricle base with the keyword “SPC” in LS-DYNA.  The nodes in the epicardial-basal ring are fixed and the rest of the nodes at the LV base are constrained to move only on the basal plane.
4.3.1. SCREEN: Talent adding the boundary conditions to constrain the nodes. (TEXT: Keyword: SPC)  
4.4. Next, assign a constitutive law or stress-strain relationship to all the elements using the keyword “MAT” with material identity 128 in LS-DYNA.
4.4.1. SCREEN: Talent assigning the constitutive law or the the stress-strain relationship. (TEXT: Keyword: MAT)  
4.5. [bookmark: _GoBack]Then, impose pressure as boundary conditions with the keyword “LOAD_SEGMENTS” on the elemental surfaces defining the endocardial surface.
4.5.1. SCREEN: Talent adding the boundary conditions for the elemental surfaces. (TEXT: Keyword: LOAD_SEGMENTS)
4.6. Also, define a pressure-time load curve using the keyword “DEFINE_CURVE”. 
4.6.1. SCREEN: Talent defines a pressure-time load curve. (TEXT: Keyword: DEFINE_CURVE)
4.7. To simulate the end of diastole, prescribe a pressure that increases rapidly with time to a prescribed end-diastolic pressure of 20 mmHg.  The pressure is kept constant at the end-diastolic pressure and sufficient time is then allowed for the left ventricle to reach steady-state.
4.7.1. SCREEN: Talent defines the rate of diastolic pressure change for the simulation.
4.8. Next, simulate the end of systole, by prescribing a pressure that increases rapidly with time from the end-diastolic state until a prescribed end-systolic pressure of 125 mmHg is achieved. The pressure is kept constant at the end-systolic pressure and sufficient time is then allowed for the left ventricle to reach steady-state.
4.8.1. SCREEN: Talent defines the rate of systolic pressure change for the simulation.
4.9. Then, import the completed input deck into the commercial finite element solver LS-DYNA in order to compute the ventricular wall stresses and the left ventricle cavity volume at end of diastole and at end of systole.
4.9.1. SCREEN: Talent imports the deck into the LS-DYNA program. (*show from beginning until the word “compute”.)
4.9.2. LABMEDIA: Figure 2 (*Show image (a-c) as the top 3 parts and (d-e) in the bottom as shown in the background, at the same time bring in image (f) in the center (large) and over the top of the other images.  Then shrink it down to a position in the bottom left and add the arrow with the text “LS_DYNA”.
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4.10. Finally, adjust the material parameters reflecting the passive stiffness and the contractility of the myocardium.  Continue adjusting until the computed LV cavity volume matches the MRI-measured volume at end of diastole and end of systole.
4.10.1. SCREEN: Talent adjusts the material properties to get the desired outcome.
5. Results: Injection of Algisyl-LVR Reduces Left Ventricular Wall Stress 
5.1. Shown here are the baseline and 6-month post-op MRIs of a patient’s heart who underwent Algisyl-LVR injection treatment.  The arrows indicate the locations of the patient’s left ventricle and shows a dramatic reduction in the overall left ventricle size.
5.1.1. LABMEDIA: Figure 1
5.2. Systolic and diastolic stresses calculated using this model provide a means to quantitatively measure ventricular improvement non-invasively over time.  6-months post-injection, this subject has seen both a thickening of the ventricular wall … as well as a dramatic decrease in wall stress as indicated by the blue color. 
5.2.1. LABMEDIA: Figure 3 (Video Editor: Show the two figures on the left side along with the “End Diastole” and “End Systole” and “Baseline” labels for the 1st sentence. Add the two right hand figures and the “6 months” label for the second sentence.


6. Conclusion (said by authors on camera)
6.1. Julius: After watching this video, you should have a good understanding of how Algisyl-LVR injection therapy is carried out and how left ventricular myofiber stress is quantified in-vivo using patient-specific mathematical modeling. 

       

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

