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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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. ____3.2.2 through 3.2.4 and 3.2.9 -3.2.10,  3.2.13_

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) __3.2.9 and 3.2.10____________________

E.  Will the filming need to take place in multiple locations? Yes.  We perform preparation for surgery in a separate room, and exercise experiments as well. These rooms are on the same floor, 10 meters apart. But intubation can be performed in the surgical room as well. 
1. Introduction
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this surgery is to chronically instrument animals to allow for hemodynamic measurements during cardiopulmonary stress testing in alert animals with and without cardiovascular disease. (intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)
1.1. Daphne Merkus: This method can help answer key questions in the cardiovascular field, such as how metabolic syndrome affects left ventricular function and perfusion, potentially contributing to heart failure with preserved ejection fraction.
1.2. Kelly Stam: Two key advantages of this technique are that hemodynamic measurements and blood samples are obtained from awake animals and the technique can be performed at rest and during cardiovascular stress, such as exercise. 
1.3. Richard van Duin: The implications of this technique extend toward early diagnosis of pulmonary hypertension, because pulmonary microvascular function as well as right ventricular function and perfusion can be measured at well-defined stages after introduction of the disease.
1.4. Daphne Merkus: Visual demonstration of this method is critical as the placing the flow probe around the coronary artery is difficult to learn, because of potential vasospasm of the coronary artery, while placing the flow probe around the aorta is a challenge due to the location of the vessel with respect to the thoracotomy.   
1.5. Daphne Merkus: Demonstrating the procedure will be Annemarie Verzijl, a technician from my laboratory.
1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
C. Ethics title card:
1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Erasmus Medical Center.
Protocol (read by voice talent at JoVE):
2. Surgery: Thoracotomy
2.1. After preparing the animal for surgery, [WID] make an incision in the skin, starting one cm caudal to the left inferior angle of the scapula and cut downward to the left axilla.  [CU]
2.1.1. Establish the scene

2.1.2. Making the first major incision, as written

2.2. Following the incision, use diathermy to cauterize blood vessels in the skin. [ECU]
2.2.1. Some cautery on exposed skin blood vessels

2.3. Next, using the cutting modality of the diathermy, cut through the serratus muscle and pectoralis major muscle.  [CU]

2.3.1. Film as written

2.4. Continue using diathermy to cauterize blood vessels in the muscle layer.  [ECU]
2.4.1. Some cautery on exposed muscle blood vessels
2.5. Now, using blunt dissection, carefully divide the intercostal muscle of the fourth left intercostal space.  Finish this using a mosquito clamp.  Then, expose the costal surface of the left lung, which is covered with visceral and parietal pleura. [ECU]
2.5.1. Blunt dissection, attaching mosquito clamp and exposing left lung (film as written)

2.6. Next, enter the pleural cavity by carefully piercing both layers of the pleura and tearing them open. Improve the exposure with a thoracic retractor by separating the edges of the wound and ribs, then, forcefully pushing the tissues apart. [ECU]
2.6.1. Film as written
2.7. To expose the heart and great vessels, push the left lung caudally and wedge it in place with wet gauze.  [ECU]
2.7.1. Film as written, finish with gauze placement
3. Surgery: Placement of Catheters and Flow Probes 
3.1. Begin this portion of the surgery [3.1.1- MED] with a blunt dissection to remove about two square centimeters of connective tissue surrounding the descending thoracic aorta. [3.1.2-ECU]
3.1.1. Establish the setting from a short angle

3.1.2. [combined with 3.1.1] Blunt dissection, as written
3.2. Next, place a three-stitch, purse-string suture in the aortic wall using non-absorbable USP 3-0 braided silk suture. [ECU/TEXT]
3.2.1. Placing purse-string suture, TEXT: Ø0.2 mm 
3.3. Then, penetrate the aortic vessel wall through the suture, with a stainless steel 16 Gauge needle.  Following the needle, insert the tip of the fluid-filled catheter into the aorta. [ECU]

3.3.1. Positioning needle and catheter

3.4. Then, pull the purse-string suture firmly together and tie it off.  To secure the catheter, wind the excess suture around the catheter above the ring three times, tie it off, and add a new stitch about one centimeter cranial to its insertion site. [ECU]
3.4.1.  Closing the purse string an securing the cannula
3.5. Now, connect the fluid-filled catheter to the calibrated pressure transducer connected to a computer.  [3.5.1-MED] Thus, monitor the mean arterial pressure during the subsequent steps. [3.5.2-CU]
3.5.1. Connecting the catheter to the computer, show cable/connection in detail

3.5.2. Accessing the pressure data from the catheter on the computer screen See figure 2 of the manuscript for details on signal
3.6. Next, without damaging the phrenic nerve, open the pericardium with a crossed-cut.  Beneath the cut, expose the ascending aorta and aortic arch with a Farabeuf retractor by identifying the pulmonary artery and gently pulling it caudally.  [ECU]
3.6.1. Cross-cut and retractor used to expose aorta Phrenic nerve is identified by pointing to it with forceps
3.7. With the aorta exposed, make a one-centimeter cut in the connective tissue between the ascending aorta and the pulmonary artery using Metzenbaum scissors. [ECU]
3.7.1. Cutting the aorta

3.8. Now, attach the flow probe.  Firstly, get the rubber band around the vessel by using a suture lead and, secondly, attach the flow probe measurement device to the rubber band. [ECU]
3.8.1. Film as written
3.9. Thirdly, connect the flow probe to the computer [3.9.1-MED] and, fourthly, check the cardiac output signal to confirm the probe is properly positioned. [3.9.2-CU]
3.9.1. Making connection to the computer

3.9.2. Checking the cardiac signal on the computer, a finger can point out the specific data of interest on the instrument read out See figure 2 for details on shape of the cardiac output signal
3.10. Using the same technique, place fluid-filled catheters in the pulmonary artery, right ventricle, left ventricle and left atrium.  [ECU]
3.10.1. The beginning step of placing the next catheter, as if it were to be done
3.11. All the catheters should now be connected to the computer.  [CU]

3.11.0 (add) All fluid-filled catheters are placed [with identification of the catheters on video] figure 2
3.11.1. Computer, with all catheters connected, showing as many readings as possible on screen

3.12. The next step is to expose and dissect the proximal part of the left anterior descending coronary artery.  First, lift the tissue with forceps and, then, using Metzenbaum scissors, make a small cut in the tissue.  [ECU]
3.12.1. Film as written

3.13. Then, carefully tease away tissues from the artery using a cotton swab and to ensure the coronary artery is completely dissected, pass a small straight angled mosquito clamp underneath it.  [ECU] When vasospasm of the coronary artery occurs, spray with 10% lidocaine to relax the vessel.
3.13.1. Film as written filmed in multiple takes
3.14. Then, make a stitch parallel to the anterior interventricular coronary vein with a suture connected to the coronary venous catheter. [ECU]

3.14.1. [3.14.1 to 3.16.1 combined] Film as written
3.15. Following the stitch, puncture the vein with the 20 Gauge needle of the coronary venous catheter and insert the cannula of the catheter intravenously. [ECU]

3.15.1. Film as written
3.16. Then, secure the catheter with the existing stitch, remove the needle and connect to the extension line.  [ECU]

3.16.1. Film as written
3.17. Now, place a coronary flow probe around the previously dissected left anterior descending coronary artery.  [ECU]

3.17.1. Film as written

3.18. If a better vessel exposure becomes necessary, spray the vessel with 10% lidocaine so it relaxes and becomes easier to see.  [CU]

3.18.1. Film as written – try to mock up this scenario
3.19. With the probe placed, check the signal of the coronary flow on the computer to confirm that the flow probe is correctly placed.  The shape of the coronary flow signal should be similar to that shown here.  [MED>CU]
3.19.1. Computer screen showing a good coronary flow signal, start with talent looking at and zoom in and focus on the screen figure 2
4. Surgery: Tunneling
4.1. To begin, use a large curved mosquito clamp [4.1.1-MED] to tunnel the flow probes individually through the third left intercostal space and the muscle above the rib. [4.1.1-ECU]
4.1.1. Preparing to use the mosquito clamp

4.1.2. film as written
4.2. Next, tunnel the fluid-filled catheters through either the third or the fifth left intercostal space.  Firstly, clamp off the fluid-filled catheters; next, remove the three-way stopcock to minimize the piercing area and, thirdly, pierce the intercostal muscle [ECU].
4.2.1. Film the 3-step process, as written
4.3. Now, fix the flow probes and the fluid-filled catheters with non-absorbable USP 2-0 braided silk.  Use a purse string suture on the intercostal muscle.  This suture will also prevent air leakage after re-instating negative intra-thoracic pressure.

4.3.1. Sewing a probe in place as usual and using a purse string suture, TEXT: Ø0.3 mm
4.4. Next, make three incisions in the skin about 2 cm to the left and parallel to the vertebral column.    [ECU]

4.4.1. Making one of three incisions

4.5. Make these three incisions 3 cm long and 3 cm apart from each other. [CU]
4.5.1. Making the next two of three incisions, all three are visible
4.6. Now, pierce a trochar beneath the left latissimus dorsi muscle from the rostral incision site [4.6.1-CU] to the incisions on the back. Then, using the trochar, tunnel the flow probes and fluid catheters to the back. [4.6.2-CU]
multiple takes were done with varying degrees of close up
4.6.1. Piercing a hole out from inside the animal 

4.6.2. Hole on outside of animal being made, then tools push out of animal through the hole

4.7. Once tunneling is complete, place stopcocks on the fluid-filled catheters and remove the clamp. [CU]
4.7.1. [4.7.1 to 4.9.1 combined, but with multiple takes in varying degrees of closeup] Film as written

4.8. Withdraw some blood to remove the clots and air bubbles.  [MED]

4.8.1. Film as written

4.9. Then, fill the fluid-filled catheters with heparin at 1000 units per mL, and fill the coronary venous catheters with heparin at 5000 units per mL. [CU]
4.9.1. Filling a bunch of the catheters with heparin, the coronary catheter gets 5X as much, show this
5. Surgery: Closing the Thorax
5.1. Begin this phase of the surgery by making an 1.5-cm incision about 8 cm caudal and parallel to the first incision. [MED]
5.1.1. Film as written
5.2. Then, using a large curved mosquito clamp, subcutaneously lead the drain from the pleural cavity through the sixth intercostal space [5.2.1-CU] to this incision. Connect the drain to the suction device to remove remaining fluid from the thorax. [5.2.2-CU]

5.2.1. Instrument digging through muscle

5.2.2. [combined with 5.2.1] Arriving on the other side of muscle, attaching suction device, sucking up fluid
5.3. Use this vacuum to reinstate negative pressure in the pleural cavity while closing the thorax. Now, relieve and inflate the lung with an end-inspiratory hold.  Set the pressure in the lung based on its appearance.  [CU]
5.3.1. vacuum running, closing lung 

5.4. Next, close the thorax by pulling together the ribs of the fourth intercostal space at two separate sites.  Use non-absorbable USP6 braided polyester.

5.4.1. Vacuum running, closing thorax cavity, TEXT: Ø0.8 mm
5.5. Then, close the serratus muscle and pectoralis major muscle with a running stitch. [CU]
5.5.1. Stitching up muscles

5.6. Close the skin with a running subcuticular suture using non-absorbable USP2-0 braided silk. [CU]
5.6.1. Sewing up skin, TEXT: Ø0.3 mm
5.7. Then, suture the incisions on the dorsal side between the catheters.  First tie a knot directly onto the skin to close the incision, then fixate the catheters to the suture with another knot about 1-cm from the skin. [ECU]
5.7.1. Film as written, TEXT: non-absorbable USP2-0 braided polyester, Ø0.3 mm

5.8. Suture the flow probes with polyglactin suture so that the flow probe wire is not cut by the suture. [ECU]

5.8.1. Film as written, TEXT: absorbable USP2-0 braided polyglactin suture, Ø0.3 mm
5.9. Then, carefully remove the drain while applying pressure to the cranial side of the incision, so as to re-instate negative pressure in the pleural cavity. [CU]
5.9.1. Film as written

5.10. Now, complete the surgery by closing the incision with a purse string suture and sealing the wound with petroleum jelly.  [5.10.1-ECU/TEXT] [5.10.2-LM]
5.10.1. Film as written, TEXT: non-absorbable USP2-0 braided polyester, Ø0.3 mm
5.10.2. Figure 1, lower right corner – nice completed surgery
5.11. Follow the text protocol on how to recover the animal [5.11.1-WID] and how to conduct the treadmill experiment. [5.11.2-WID]
5.11.1. Any representative action of recovering the animal, talent’s choice 
5.11.2. Animals on treadmill, being monitored by installed hardware
6. Results: Interpreting a Selection of Cardiac Measurements 
6.1. Exercising swine to move up to 5 km per hour, resulted in a doubling of cardiac output.  This was principally accomplished by an increase in heart rate …
6.1.1. Fig 3A

6.2. … with a small increase in stroke volume.  
6.2.1. Fig 3B

6.3. The increase in stroke volume was facilitated by an increase in left ventricular contractility, as evidenced by an increase in the maximum of the first derivative of left ventricular pressure…

6.3.1. Fig 3C

6.4. … together with an increased rate of relaxation of the left ventricle …
6.4.1. Fig 3D 
6.5. … and an increase in left atrial pressure, which is the filling pressure of the left ventricle.

6.5.1. Fig 3I

6.6. A tripling of body oxygen consumption was observed.  This was due to the increase in cardiac output coupled with an increase in hemoglobin concentration and an increase in body oxygen extraction.
6.6.1. Fig 3E

6.7. Systemic vasodilation occurred as evidenced by an increase in systemic vascular conductance …

6.7.1. Fig 3G

6.8. … and a decrease in systemic vascular resistance.

6.8.1. Fig 3H

6.9. This accommodated the increase in cardiac output almost completely, so that mean aortic pressure increased only slightly.  Further interpretations of several other parameters are provide in the text protocol.
6.9.1. Fig 3F
7. Conclusion (said by authors on camera)
7.1. Daphne Merkus: After watching this video, you should have a good understanding of how to chronically instrument animals to make hemodynamic measurements in subsequent cardiovascular experiments.
Authors, this is a bare minimum conclusion statement.  Please plan for somebody to read it to camera.  That person should the statement to match their normal diction.

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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