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Title: An Injectable and Drug-loaded Supramolecular Hydrogel for Local Catheter Injection into the Pig Heart 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO
  
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 
Hydrogel formulation = Protocol step 1.1
Set up release experiments = Protocol step 3.3
EM mapping (e.g. mapping points in fast forward) = Protocol step 4.2.6- 4.2.8
Defining target area/ borderzone = Protocol step 4.2.9
Endomyocardial injection = Protocol step 4.3.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Placing of the injection-catheter in target area. To ensure success an experienced cardiologist will perform the handling of the catheter = step 4.3.3
E.  Will the filming need to take place in multiple locations? (Y/N) YES - The locations are 90 km apart (Eindhoven – Utrecht).
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to non-invasively target a drug-loaded supramolecular hydrogel into an infarcted pig heart using a long flexible catheter. (Intro)  This is accomplished by first preparing a formulation of hydrogel mixed with the desired drug. (P1)  The second step is to investigate the properties of the hydrogel and the rate of drug release in an in vitro setting. (P2) Then, four weeks after myocardial infarction, an electromechanical map of the pig’s left ventricle is made using data points taken from the endocardial surface. (P3)   Thus, the so-called hibernating myocardium is targeted (P4)  for injections with drug-loaded hydrogel.  The results can lead to uncovering new therapies for myocardial infarction and so forth. (P5)
Video editor:

P1 – Animate Step 1 as follows: have grey dots enter solution (blue) and disappear changing solution color slightly, then have yellow dot appear and enter solution.  Keep the pH reading and when it changes from 11.7 to 9.0, be sure this is highlighted with a brief flash or bolding of text.

P2  - Animate Step 2.  Rotate beaker up right first while blue top line remains horizontal. Then the pH change with “pH switch” text. Rotate beaker back, and now rotate blue block also to suggest solidication. Second, loading the beaker into lighter blue bath/beaker and change of bottom of beaker from solid to dashed line.  Third, add the graph on left and draw the curve from left to write while simultaneously moving the yellow balls out of beaker and into bath. {Added missing solidifying of the gel}
P3 – Start with silhouette of pig, fade on heart.  Then animate introduction of tube to heart, followed by connection of the other end to a screen, and lastly by the screen showing the heart (a scanning animation would be appropriate, like static coming into focus).

P4 – Zoom into the screen, removing pig temporarily, and switch to panel A of figure 6 for a more actual view. 
P5 – Now zoom back out to show the syringe and line attached to the pig.  Animate the plunger of the syringe move in, then animate the end of the line move slightly to the side, still over the black part of the heart, and finish with the syringe moving in a little bit a 2nd time.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Steven Chamuleau The main advantages of this technique over existing non-surgical methods, like the intracoronary delivery approach, are in the cathether application of the hydrogel and in the treatment planning, which makes it possible to guide therapies to an area of interest.   

1.2. Maarten Bakker: This method can help answer key questions in the study and treatment of myocardial infarction, such as the potential advantages of injecting a mechanically supporting material and the effectiveness of sustained local drug delivery.  

1.3. Bram Pape: The implications of this technique extend toward therapy in myocardial infarction, because the electromechanical mapping allows for identification of the infarcted region and the subsequent guided side-specific injection of hydrogel allows for local drug delivery.
1.4. Cheyenne Tseng: Generally, individuals new to this method will struggle because this technique requires practical skills with subtle movements of the catheter, while monitoring the stability parameters.
1.5. Patricia Dankers: Visual demonstration of this method is critical as the formulation of hydrogel and the endomyocardial injection via a cathether steps are difficult to learn, because it requires accurate application.   

1.6. Steven Chamuleau: Demonstrating the procedure will be Pierfrancesco Agostoni, an interventional cardiologist from the UMC Utrecht. 

1.6.1. Interview style: Author saying the above
1.6.2. [combined with 1.6.1] The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
Authors, please determine who will speak each statement and be to read them on the filming day.
Protocol (read by voice talent at JoVE):
2. Formulation of the Hydrogel
2.1. In preparation, formulate a milliliter of 10 percent weight by volume hydrogel.  [2.1.1 – WID] Begin with dissolving 100 milligrams of hydrogelator in 900 microliters of PBS at pH 11.7. [2.1.2 -  MED]. In case the hydrogels are formulated for injection into animals, all steps should be performed wearing gloves. 
2.1.1. Establish the talent weighing out the hydrogelator

2.1.2. Adding hydrogelator to PBS solution, future shots that are this self-explanatory will be described as “film as written” 

2.2. Then, stir the hydrogel into the PBS at 70 ºC for an hour.  [CU]
2.2.1. Adding hydrogel to stirring PBS -- show spreading into solution Putting the vial in a 70°C hot stirring plate and stir. 
2.3. Once the solution has cooled, check the pH.  [2.3.1 - MED] It should be around nine.  The solution is good for several days.  [2.3.2 - CU]
2.3.1. Checking the pH
2.3.2. pH reading, must be near 9.0
2.4. Now, pipette the drug or molecule of interest into the solution and let it stir for 10 minutes.  [MED]

2.4.1. Film as written

2.5. In case the hydrogel will be injected into an animal, complete the preparation by UV-sterilizing [2.6.1 - MED] the solution for an hour. The text protocol reviews how the hydrogel can be analyzed. [2.6.2 - WID] 
2.5.1. Setting up for UV-sterilization. 
2.5.2. [combined with 2.5.1] Starting the UV-sterilization, and a timer, and leaving the scene 
3. Erosion and Release Experiments
3.1. First prepare a plastic, hanging, cell culture insert [3.1.1 – WID] for a 24-well plate, by covering its bottom with parafilm to prevent leakage.  [3.1.2 - CU/TEXT]
3.1.1. Establishing shot, talent unwrapping insert, cutting piece of parafilm

3.1.2. Wrapping insert with parafilm, TEXT: 8 µm pore

3.2. Then, transfer 100 µL of the prepared viscous solution into the insert … [MED]

3.2.1. Film as written

3.3. … and immediately add 1.4 µL of 1 molar hydrochloric acid.  [MED] 

3.3.1. loading pipette with solution and adding to insert, be sure labels of solution bottles are all clearly legible and visible in shots
3.4. The pH will drop to a neutral value and in thirty minutes the hydrogel will cure. [CU]
3.4.1. Adding the acid to the insert, show covering the plate and/or what is done next to let the hydrogel cure. Set a timer for 30 minutes to let the gel cure. 
3.5. Now, remove the parafilm [3.5.1 - CU] and place the inserts into plate wells and add  800 µL of PBS at pH 7.4. [3.5.2 – MED]  Load the empty wells with PBS and seal the plate with parafilm, to reduce evaporation. [3.5.3 – CU]
3.5.1. Film as written

3.5.2. Film as written Addition of PBS added in shot
3.5.3. solution added to plate followed by plate being wrapped in parafilm

3.6. Then, let the plates incubate with gentle agitation at 37°C, [3.6.1 – MED] periodically refreshing the PBS and analyzing the removed PBS for released compounds [3.6.2 – CU] by UPy (Pronounce as one word) hydrogel erosion and drug release. [3.6.3 – WID-MED/TEXT]
3.6.1. Loading plate to incubator on agitator, starting agitation

3.6.2. Removing PBS from plate and adding fresh PBS

3.6.3. Any clearly representative action of UPy hydrogel erosion assay or drug release assay, use a MED angle if better than WID for action chosen by talent , TEXT: Consult the text protocol for details
4. Electromechanical Mapping
Authors, In this section several SCREEN SHOTS are going to be required to best demonstrate the actions.  See the note on these below.  If they are not possible to collect as instructed, the screen will need to be filmed by  a camera.
4.1. Four weeks after inducing a myocardial infarction, plan the electromechanical mapping procedure and set up the system in the cathlab.[WID]

Please note that for this video a pig without a prior myocardial infarction was used. 
4.1.1. Establishing shot of computer and animal set up, preparation actions being made by talent, talent makes way to computer to end of shot {Comment: WIDE overview of set up}
4.2. Prepare the system in the cathlab for 3D electromechanical mapping of the left ventricle.  This will allow identification of hibernating and infarcted myocardium without fluoroscopic guidance.  [LM] 
4.2.1. LAB MEDIA: To be submitted by author (SCREEN SHOT of opening the software package and initializing session with general information, like experiment ID number and date)  
4.3. First, place the external reference patch on the back of the anesthetized pig. [MED/TEXT] [4.3.2 - LM/TEXT] 
4.3.1. Film as written, TEXT: See text protocol for pig anesthesia details. {Comment: shot was not filmed}
4.3.2. ( Added LAB MEDIA: reference patch
4.4. Then, secure vascular access via the femoral artery by the standard protocol. [MED] [4.4.2 - LM]
4.4.1. This can be a vague shot of using the standard protocol {Comment: shot was not filmed} 
4.4.2. ( Added LAB MEDIA: materials for femoral sheet
4.5. To construct the electromechanical map of the LV endocardial surface [4.5.1 – LM] use an ultralow magnetic-field energy source and a sensor-tipped catheter. [4.5.2 – CU] 
4.5.1. LAB MEDIA: To be submitted by author (SCREEN SHOT of data collection magnetic-field energy source) 
 
4.5.2. Show what tools talent manipulates to collect data, external of pig 
4.6. Next, use a powerinjector [4.6.2 - CU] to obtain a biplane left ventricular angiogram in the 25° right anterior oblique [4.6.1 – LM] and 40° left anterior oblique view [4.6.2 – LM]. Use these views to estimate the size of the LV. [4.6.1 - LM]
4.6.1. LAB MEDIA: Video of RAO
4.6.2. LAB MEDIA: Video of LAO

4.6.3. Added shot: CU powerinjector (4.6.1. take 3)
4.7. Now, give the animal 75 Units per kg of heparin. [MED]
4.7.1. Loading syringe, making injection, vague

4.8. Then, advance a number 8 French-mapping catheter under fluoroscopic guidance [MED] into the left ventricle via the descending aorta, aortic arch and aortic valve. The catheter can have a D or F curve.  [LM]
4.8.1. Talent working with set-up to advance the catheter, this is an establishing shot for the LM (advancing catheter)
4.8.2. LAB MEDIA: To be submitted by author (SCREEN SHOT of advancing the catheter to target by fluoroscopic guidance); 
( 7XA screen 18 to 65 & 9XA screen 51 to 90 {Comment: screen 86-87 is catheter trough aortic valve} 
4.9. Then, orientate the tip of the catheter to the apex of the left ventricle to acquire the first data. [LM] Continue collecting data on the outflow tract, lateral and posterior points to form a 3D silhouette, defining the borders of the ventricle. [WIDE]
4.9.1. LAB MEDIA: To be submitted by author (SCREEN SHOT of orienting the tip by fluoroscopic guidance followed by data collection to define ventricle boarders) 
( (9XA screen 155 to 165)
4.9.2. Added shot: WIDE shot with NOGA-screen showing first data collection points
4.10. Next, drag the mapping catheter [4.10.1 – MED] [4.10.1 – 4.10.3] over the endocardium and sequentially acquire the location of the tip while it is in contact with the endocardium. Ultimately, collect data from all the endocardial segments. [LM]
4.10.1. Talent operating the equipment, moving the catheter 
4.10.2. LAB MEDIA: To be submitted by author (SCREEN SHOT showing data colectino from remaining endocardial segments) 
4.10.3. Added shot: CU right hand operating catheter

4.11. Then, remove the mapping catheter. [CU]
4.11.1. Film as written
4.12. Using the data, define the target area. [4.12.2 - CU] It is where electrical activity is near normal and mechanical movement is impaired - the so-called hibernating myocardium.  [LM/TEXT] 
4.12.1. LAB MEDIA: 52450_Dankers Figure6.tif – Unipolar voltage and LLS map of heart {Comment: filmed instead of LM} , TEXT: mapping data of pig with myocardial infarction
4.12.2. Added shot: CU drawing of borderzone on NOGA monitor, in background discussing operators
5. Intramyocardial injection
5.1. For the intramyocardial injection, plan to use an injection-catheter [LM – 5.1.1] composed of a 27 Gauge needle [LM – 5.1.2] and core lumen in a number 8 French catheter. [LM – 5.1.1]
5.1.1. LAB MEDIA: Fig5A
5.1.2. LAB MEDIA: Fig5B
5.2. To deliver specific amounts, load a syringe [5.2.1 – WID] with approximately 1 ml of the hydrogel solution and place it in a syringe pump. [5.2.2 – CU]
5.2.1. Establishing, loading syringe

5.2.2. completing loading of syringe and attaching syringe to the syringe pump
5.3. Next, adjust the needle extension at 0° and 90° [5.3.1 – CU].  Then, fill the dead space in the system with the hydrogel solution. [5.3.2 – CU]
5.3.1. Adjusting needle extension (take 1 = overview, 2= detail & 3= CU needle)
5.3.2. Loading dead space in needle system with hydrogel

5.4. To ensure that the myocardial wall is not punctured by the needle, adjustments are done according to minimal wall thickness of the ventricle, measured on recent echocardiogram.  [LM] 
5.4.1. Interview with Steven at bench {Comment: no interview, instead voice-over and LAB MEDIA}
5.4.2. Added LAB MEDIA ( Echo + wall thickness
5.5. Next, place the injection catheter tip across the aortic valve and into the target area to fulfill the first injection criteria, that is perpendicularity of the catheter to the LV wall. [LM] 
5.5.1. LAB MEDIA: To be submitted by authors (SCREEN SHOT: advancement of injection tip to aortic valve as seen by scope)  VIDEO: fluoroscopic view of injection catheter in target area, 13XA screen 70-140
5.6. Now, four criteria for an injection position must be met: first, it must be accessible so the catheter is perpendicular to the LV wall. {Comment: text is added to 5.5} 
5.6.1. LAB MEDIA: To be submitted by authors (SCREEN SHOT: show site of injection position at LV wall with perpendicular catheter moving into position){Comment: already shown in 5.5.1.}
5.7. Second, it must have excellent loop stability as calculated by the EMM-system. [LM] [5.7.1 - MED] [5.7.2 - CU] 
5.7.1. Checking the loop stability by EMM 
5.7.2. EMM reading, < 4 mm 

5.7.3. ( Added LAB MEDIA: SCREEN SHOT/printscreen potential injection point with marked stability points; Animate to focus on loop stability reading bottom right.  

5.8. Thirdly, the target area must have an underlying voltage of at least 6.9 mV. [LM]
5.8.1. ( LAB MEDIA: To be submitted by authors (SCREEN SHOT/printscreen potential injection point on LLS map with color scale <6.9mV; animate to 7.11 mV reading on bottom right) 

5.9. If these criteria are met, then advance the needle into the myocardium.  [MED]

5.9.1. Establishing talent preparing to advance needle

5.10. Now, check a fourth criteria: there must be a premature ventricular contraction of the left ventricle. [LM] [5.10.2- MED]
5.10.1. LAB MEDIA: To be submitted by authors (SCREEN SHOT: advancing the needle, show premature ventricular contraction) 
5.10.2. Added shot: monitor showing premature ventricular contractions of the left ventricle 
5.11. With all criteria met, inject 0.1 to 0.3 milliliters of the hydrogel at a constant rate. [CU/TEXT]

5.11.1.  Operating syringe to inject hydrogel, TEXT: 0.1 – 0.3 mL at 0.4 - 0.5 mL / min
5.12. Repeat the injection at six to ten different positions [5.12.1 - MED] [5.12.3 – LM] that are as diffusely positioned as possible. [5.12.2 - LM]
5.12.1.  Making next injection(s)
5.12.2. LAB MEDIA: To be submitted by authors – a map of injection sites on heart
5.12.3. ( Added LAB MEDIA: SCREEN SHOT of separate injections points, focus on brown circles
6. Results: Hydrogel Release and Myocardial Map Data
6.1. For the hydrogel to function as a drug delivery system, erosion must occur gradually. Release of a small drug, pirfenidone, and a fluorescent protein, mRuby2 (Pronounce as m-Ruby-2), were studied.  

6.1.1. LAB MEDIA: Figure 3A
6.2. In vitro, the small drug released within a day, while bigger molecules, like mRuby2, released over a week. There was no apparent burst release of large molecules. Comparing release data to models allows for more insight in the type of drug release.
6.2.1. LAB MEDIA: Figure 3B
6.3. To locate the target region for the drug injection, real-time, 3D, myocardial mapping was used to create a reconstruction of the left ventricle.  It continuously displays as voltage potentials on a graded color scale whereafter it is adjusted to the selected threshold.
6.3.1. LAB MEDIA: video to be uploaded, file not yet named (like Figure 6A) {Comment: multiple jpg files} 
6.4. The local linear shortening, or LLS, function quantifies regional wall motion by obtaining the average change in distance between sample site and adjacent points at end-systole and end-diastole. These values are then calculated for each segment and displayed in the polar map. 

6.4.1. LAB MEDIA: Figure 6B
6.5. Infarcted areas are characterized by impaired mechanical sensitivity, or having an LLS value below 4%, and they are characterized abnormal or low unipolar potentials, that are less than 6mV. 

6.5.1. LAB MEDIA: a blow up of such a region on the map to be provided, based on 6B
7. Conclusion (said by authors on camera)
7.1. C.T.: Once mastered, this technique can be done in 1,5 to 2 hours.
7.2. Pierfrancesco Agostoni: While attempting this procedure, it’s important to remember to precisely plan the procedure and perform the treatment with a team of experienced people.

7.3. M.B.: Following this procedure, variations in the treatment can be implemented in order to answer additional questions like optimal hydrogel formulation, desired duration of drug release and effectiveness of various kinds of drugs.
7.4. P.D.: After watching this video, you should have a good understanding of how to formulate a catheter injectable drug loaded supramolecular hydrogel and how to carefully plan and execute the electromechanical mapping and intramyocardial injection procedures.
7.5. S.C:  Don't forget that working with lab animals such as Pigs requires approval from an experimentation committee and has to be performed according to local welfare regulations.  
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, .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.  

Insert your media filenames here.

4.12 – 52450_Dankers Figure6.tif – Unipolar voltage and LLS map of heart
5.1 – 52450_Dankers Figure5.tif – The intramyocardial injection catheter with syringe attached and a detail of injection needle.
6.1 – 52450_Dankers_Figure3A.ai – Graph of the degradation profile of the hydrogel
6.2 – 52450_Dankers_Figure3B.ai – Graph of the release profiles of pirfenidone and mRuby

6.3 – 52450_Dankers Figure6A.tif –  Unipolar voltage map showing decreased viability of the myocardium
6.4 – 52450_Dankers Figure6B.tif – LSS Map showing wall motion
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.
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