Author note:  There were many shots mistakenly listed on the script as to be shot using the author camera – these were all shot by the videographer with the exception of the microscopy video dissecting out the aortic root.
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A. i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? YES.
The dissection and transection of the aorta will be important to film close up.  The dissection microscope, an Olympus ZX16, is set up so that the lab can capture video of the field of view.

Video from a dissection microscope's view is usually superior for all small animal surgical manipulations, even gross ones.  If for some reason one of the scope shots looks too tight, substitute with an ECU shot.

The LM in this protocol is all scope footage collected using the author's set up.  We are going to collect this footage on the day of filming.  We also have our own scope kit in case we need to improve upon the author's set up.  If the author's set up is good, then position our camera to get ECU of the same actions, so we have two angles on every surgical manipulation.
B. Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 
Not needed.
C.
Which steps of your protocol will viewers benefit most from having filmed? 
These steps have been put in italics.
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most challenging step for novices is the aortic cannulation, as it is time sensitive and small errors in where the aortic cut is made or placement of the aortic cannula can make the entire preparation invalid.  Therefore, emphasizing the placement of the aortic cut is critical.  It is also critical to position the left atrial cannula properly within the left atrium, ensuring specifically that it is not leaking (by following the drip rate from the heart prior to and following opening the left atrial column) and not abutting the atrial septum (by looking at the left atrial waveform as outlined in one of the figures.
E.
Will the filming need to take place in multiple locations? (Y/N) no
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to create an isolated, left-working heart model that permits precise control of ventricular loading conditions from rodents. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Lizzie DeWitt: This method can help answer key questions in cardiovascular physiology, such as the effects of medications on myocardial contractility, diastolic function and oxygen consumption. 
1.2. Katie Black: The main advantage of this technique is that the loading conditions of the heart can be precisely controlled.   
1.3. Katie Black: Visual demonstration of this method is critical as the dissection and isolation of the aorta, the cannulation of the left atrium, and isolation of the pulmonary veins require skill and practice to master.
E.  Ethics title card
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Boston Children’s Hospital
Protocol (read by voice talent at JoVE):

2. Isolating the Heart and Lungs
2.1. Following appropriate sedation, analgesia [1.WID] and anticoagulation with heparin, begin the surgery on the donor rat. [2.MED]

2.1.1. setting up the animal for surgery, administering analgesic

2.1.2. surgical field with mouse and tools all getting put into position

2.2. First, pull the skin away from the abdominal cavity with forceps and use scissors to incise the peritoneal cavity, following the curve of the diaphragm back to the posterior angle of the ribs. [LM]
2.2.1. Author's camera – recording from the scope camera of the above described actions
2.3. Once the diaphragm is visible, use small scissors to cut along the anterior surface of the diaphragm in line with the prior cuts, to access the thorax.  Extend each cut along the axillary line bilaterally to the axilla. [LM]
2.3.1. Author's camera – recording from the scope camera of the above described actions
2.4. Then, retract the ribcage anteriorly from the xiphoid process using forceps. [LM]
2.4.1. Author's camera – recording from the scope camera of the above described actions
2.5. Next, incise the pericardium and pleura.  Proceed efficiently since ventilation is compromised once the diaphragm is incised. [LM]
2.5.1. Author's camera – recording from the scope camera of the above described actions
2.6. Identify the inferior vena cava and aorta just above the diaphragm and use blunted forceps to retract them en bloc, anteriorly. [LM]
2.6.1. Author's camera – recording from the scope camera of the above described actions
2.7. Next, using large, curved scissors, rapidly cut across the inferior vena cava and the aorta.  Without cutting the ascending aorta, cut the esophagus, trachea, brachiocephalic arteries and veins cephalad.  [LM]
2.7.1. Author's camera – recording from the scope camera of the above described actions
2.8. Then, excise these thymic tissues along with the heart and lungs en bloc.  [ECU]

2.8.1. lifting the heart/lungs out of the mouse
2.9. Immediately immerse the heart and lungs in ice-cold KHB [1.CU] and move to the Langendorff apparatus. [2.WID/TEXT]
2.9.1. setting heart/lung prep into cold KHB bath, on ice
2.9.2. arriving with heart/lung preparation to the Langendorff set up, TEXT: Langendorff apparatus set up detailed in text protocol.  
3. Aortic Cannulation
3.1. [2.9.2] Place the heart-lung complex in a flat dish [1.CU] and orient the heart with the thymus and great vessels facing the experimenter [2.ECU] and the posterior aspect of the lungs facing the table.  [3.MED]

3.1.1. film as written

3.1.2. orienting the tissues in dish

3.1.3. set up of dish in relation to the talent, talent preparing to dissect the tissue
3.2. Next, pull apart the two lobes of the thymus and identify the takeoff of the brachiocephalic arteries from the aorta. [LM]
3.2.1. Author's camera – recording from the scope camera of the above described actions
3.3. Now, drape the aorta over the edge of the dish. [ECU]
3.3.1. film as written
3.4. Then, using small scissors, transect the aorta approximately 5 mm above the aortic valve, just proximal to the takeoff of the right subclavian artery. A circular cross-section is required.  Keep repeating the cut until one is made. [LM]
3.4.1. Author's camera – recording from the scope camera of the above described actions
3.5. Next, with two pairs of curved forceps, guide the aorta over the aortic cannula, which should be slowly dripping KHB.  The aortic valve should sit 1 to 2 mm below the tip of the cannula. [LM]
3.5.1. Author's camera – recording from the scope camera of the above described actions
3.6. Next, reposition the forceps perpendicularly across the aorta to hold the aorta in place.  A clamp could also be used. [LM]
3.6.1. Author's camera – recording from the scope camera of the above described actions
3.7. Then, have an assistant use silk 4-0 suture to secure the cannula with multiple knots on both sides of the heart. [LM]
3.7.1. Author's camera – recording from the scope camera of the above described actions
3.8. Now, fully open the cannula to begin full retrograde aortic flow.  The heart should beat vigorously, if not the cannula may occlude a coronary artery. [LM]
3.8.1. Author's camera – recording from the scope camera of the above described actions 

3.9. If the heart distends without beating, the cannula may be across the aortic valve. [LM]
3.9.1. Author's camera – recording from the scope camera of the above described actions (collect this footage if possible)

3.10. If the coronary leaks KHB, advance the cannula closer to the aortic valve. [LM]
3.10.1. Author's camera – recording from the scope camera of the above described actions (collect this footage if possible)
3.9 and 3.10 are conditional statements.  If they can be filmed, superb.  If not, we can just omit them from the script.
4. Pulmonary Vein Occlusion and Preparation of the Pulmonary Artery for Cannulation
4.1. Lizzy DeWitt:  The purpose of this step is to create a closed left atrial system to ensure that all volume and pressure from the left atrial block is transmitted to the left heart structures.  Failure to completely occlude the pulmonary veins could result in preload deficiency and may falsify results or create an unstable working heart preparation. [WID]

4.1.1. Interview at bench
4.2. Manually rotate the aortic cannula so that the posterior aspect of the heart [1.MED] is facing the operator.  [2.ECU]

4.2.1. establishing shot, talent orienting the tissues

4.2.2. zoom into tissues from talent's perspective

4.3. Now, dissect out the vessels leading to the right lung. To help access the vessels, use forceps to suspend the right lung tissue.  [LM]
4.3.1. Author's camera, SCOPE shot detailing the above described action(s)
4.4. Then, use a single medium-to-large surgical clip to occlude the right pulmonary artery and vein and the bronchus.   [LM]
4.4.1. Author's camera, SCOPE shot detailing the above described action(s)
4.5. Next, resect the right lung distal to the clip. [LM]
4.5.1. Author's camera, SCOPE shot detailing the above described action(s)
4.6. Now, repeat the process on the left lung. [ECU]

4.6.1. both lungs prepped
4.7. When both pulmonary arteries are fully occluded, the right atrium will distend and the heart may become bradycardic.  As needed, add additional clips or sutures to plug leaks and work efficiently. [LM]
4.7.1. Author's camera, SCOPE shot of the heart distending and possibly beating slowly and talent adding sutures/clips
4.8. Now, perform the pulmonary arterial incision.  Rotate the aortic cannula to access the anterior aspect of the heart and identify the pulmonary artery. Using small scissors, make a transverse incision about 3 mm above the pulmonary valve. [LM]
4.8.1.   Author's camera, SCOPE shot detailing the above described action(s)
4.9. Next, cannulate the left artery.  Viewing the left atrium, use small scissors to make a 2 to 3 mm incision in the upper body of the left atrium, about 3 mm above the atrioventricular groove. [LM]
4.9.1.  Author's camera, SCOPE shot detailing the above described action(s)
4.10. Then, position the left atrial cannula perpendicular to the plane of the mitral valve, pointed towards the atrial septum. [LM]
4.10.1.  Author's camera, SCOPE shot detailing the above described action(s)
4.11. Open the left anterior cannula until warm KHB is visibly flowing. [1. LM] Make sure the KHB is warm to the touch or hypothermia can set in.  [2.CU] During the cannulation, transition the KHB flow to a drip rate. [3.CU]
4.11.1. Author's camera, SCOPE shot detailing the above described action(s)

4.11.2. palpating/touching the KHB flow to check temperature

4.11.3. KHB flow slowing down to a drip
4.12. Now, while using forceps to hold counter-traction, insert the atrial cannula into the body of the left atrium.  Don't use excessive force, as the atrium is fragile.   Position the cannula so that it sits in the middle of the atrium without any tension on the atrial wall. [LM]
4.12.1.  Author's camera, SCOPE shot detailing the above described action(s)
4.13. Now, secure the cannula to the atrium with a 4-0 silk suture placed around the body of the left atrium, including the posterior aspect of the left atrium.  Add additional sutures as necessary.  [LM]
4.13.1.  Author's camera, SCOPE shot detailing the above described action(s)
4.14. Once sealed, pull the cannula back one to two mm so that it sits in the middle of the atrium rather than against the atrial septum. [1.LM]  This can be checked by looking at the left arterial waveform. [2.LM]
4.14.1.  Author's camera, SCOPE shot detailing the above described action(s)
4.14.2.  Fig 2E
4.15. Now, open the cannula valve entirely to administer the full preload to the left atrium. [LM]
4.15.1.  Author's camera, SCOPE shot detailing the above described action(s) 

4.16. It is critical to monitor the drip rate from the heart. [1.MED] It should be steady while the cannula is open.  [2.ECU] If not, retie the atrium around the cannula to seal off the leak that is probably causing the problem. [3.LM]

4.16.1. talent checking drip rate

4.16.2. detail of the drip rate

4.16.3. Author's camera, SCOPE shot showing retying the atrium around the cannula
5. Pulmonary Artery Cannulation and Working Heart Mode Experimentation
5.1. To measure substances in the coronary effluent, such as gasses, drugs or cytokines, [1.MED] insert flexible tubing into the incision in the pulmonary artery. [2.LM/TEXT]

5.1.1. establish talent working with preparation, getting ready to add tubing to it
5.1.2. Author's camera, SCOPE shot detailing the above described action(s),. TEXT: 1/32” tubing

5.2. To continuously measure myocardial oxygen consumption, [1.CU] use an in-line oxygen electrode to compare left atrial and coronary sinus effluent. [2.ECU]

5.2.1. show instrument reporting myocardial O2 consumption

5.2.2. show electrode that does this monitoring

5.3. Collect the coronary sinus effluent from the pulmonary artery and from the heart, [1.ECU] in a graduated cylinder for timed quantification of coronary flow. [2.ECU]

5.3.1. collecting the effluent, detail of technique

5.3.2. ejecting effluent into cylinder, show how much needs to be collected
5.4. Now, calculate the myocardial oxygen consumption. [1.MED]

5.4.1. talent working with computer/calculator/logbook to make calculations
5.5. Ultimately, turn off the retrograde aortic pump [1.CU] to transition to working in the heart mode. [1.ECU]

5.5.1. turning off the pump

5.5.2. heart operating with retrograde pump off
We also added a section for placing of the PV catheter, which should go just at the end - I believe 5.2 or something.
6. Results: The Effects of DA on the Working Heart
6.1. A retrograde perfusion was prepared, as described.  Flow was initially retrograde during set up.
6.1.1. Figure 1A
6.2. When the retrograde pump was turned off, flow switched to antegrade, making a working heart.
6.2.1. Figure 1B
6.3. The typical end diastolic pressure is about three to five mm-of-mercury in this model, [1.LM] and the peak systolic pressure is around 100 mm-of-mercury.  [2.LM]
6.3.1. Figure 2A-B

6.3.2. Figure 2C-D.  
6.4. When the left arterial cannula was moved away from the atrial septum, a change in the left atrial tracing can be detected.  
6.4.1. Figure 2E
6.5. In these experiments, the aortic pressure was set at 90 mm-of-mercury, and left arterial pressure was set to 10 mm-of-mercury.
6.5.1. Figure 2A + Fig 2E, slide un Fig 2A above Fig 2E

6.6. For an experiment, dopamine was infused at 15 micrograms per kg per minute into the left atrial block.  Although the end diastolic pressure was unaltered, dopamine caused the left ventricular end diastolic volume to decrease by 2.5% and the left ventricular end systolic volume to decrease by 4.9%, yielding an increased stroke volume.
6.6.1. Figure 3A
6.7. Compared with placebo infusions, the left ventricular stroke work, identified as the area within the pressure-volume curve, increased by 32% during treatment with dopamine.
6.7.1. Figure 3B, TEXT: P<0.001, n=10

6.8. This was also associated with a greater increase in myocardial oxygen consumption. 
6.8.1. Figure 3C
7. Conclusion (said by authors on camera)
7.1. Lizzie DeWitt: 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, .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.

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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