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A.  Will you require JoVE to record video microscopy? Y, Nissho 014
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.10., 3.7., 3.8., 4.6., 5.4. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.5., 4.6. 
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of echocardiography and right heart catheterization in rodents is to determine the function of the right heart in various cardiac and pulmonary disease models. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sudarshan Rajagopal: This method can help answer key questions in cardiovascular physiology research, such as what are the effects of genetic manipulations or drug effects on the development of pulmonary hypertension? 
1.2. Sudarshan Rajagopal: The main advantage of this technique is that it provides a comprehensive analysis of right heart function in models of cardiac and pulmonary disease.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Lan Mao: Generally, individuals new to this method may struggle, as it can be challenging to manipulate small catheters in rodents to achieve suitable waveforms.
1.4. Zhiyuan Ma: Visual demonstration of this method is critical, as insertion of the catheter into the external jugular vein and the right ventricle requires practice to become adept at maneuvering the catheters.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Duke University Medical Center.
Protocol (read by voice talent at JoVE):
2. Echocardiography

2.1. To view the parasternal long axis of a rodent heart, begin by placing an anesthetized rodent in the supine position [2.1.1.-WIDE-TXT].
2.1.1. Talent placing animal in position (Videographer: More Talent than animal in shot) anesthetized (TEXT: See text for anesthesia suggestions)
2.2. Confirm the appropriate level of sedation by toe pinch [2.2.1.-ECU] and apply veterinary ointment to the animal’s eyes [2.2.2.-ECU].
2.2.1. Toe being pinched

2.2.2. Few seconds ointment being applied to one eye 
2.3. Next, shave the chest [2.3.1.-CU] and apply ultrasound gel [2.3.2.-CU].
2.3.1. Few seconds chest being shaved

2.3.2. Few seconds gel being applied
2.4. Select B Mode to project a 2D live image [2.4.1.-MED]. Then align an ultrasound transducer with the appropriate frequency to the left parasternal line [2.4.2.-CU-TXT].
2.4.1. Few seconds Talent selecting B Mode
2.4.2. Few seconds transducer being aligned (TEXT: 40 MHz mouse; 25 MHz rats)

2.5. Rotate the transducer counterclockwise 30° with the probe indicator pointing in the caudal direction [2.5.1.-CU-TXT].
2.5.1. Few seconds transducer being rotated (TEXT: 5 -> 11 o’clock position) 

2.6. Then angle the transducer slightly, rocking the instrument along the short axis of the transducer in the same tomographic plane to obtain a full left ventricle chamber view in the center of the screen [2.6.1.-CU].
2.6.1. Few seconds instrument being rocked, with ventricle chamber visible on monitor in frame if possible
2.7. Locate and view the lumen of the left ventricle [2.7.1.-LM], the interventricular septum [2.7.2.-LM], the lumen of the right ventricle [2.7.3.-LM], the ascending aorta [2.7.4.-LM] and the left atrium [2.7.5.-LM].
2.7.1. Fig 2A.AI: please add/indicate LV text
2.7.2. Fig 2A.AI: please add/indicate IVS text

2.7.3. Fig 2A.AI: please add/indicate RV text

2.7.4. Fig 2A.AI: please add/indicate Ao text

2.7.5. Fig 2A.AI: please add/indicate LA text
2.8. To view the parasternal short-axis at the aortic level, in B Mode, rotate the transducer 90° [2.8.1.-CU] and angle the transducer toward the cranium to identify the aortic valve cross section view [2.8.2.-CU-TXT].
2.8.1. Few seconds transducer being rotated (Videographer: Combine 2.8.1. and 2.8.2. as appropriate)

2.8.2. Few seconds transducer being angled (Videographer: Combine 2.8.1. and 2.8.2. as appropriate) (TEXT: RV outflow observed as crescent above aorta)
2.9. Next, holding the transducer steady at the same position [2.9.1.-MED-TXT], switch to the pulse wave Doppler Mode [2.9.2.-CU/MED]. 
2.9.1. Shot of Talent holding transducer in position (TEXT: Restrain rodent/minimize movement w/ station platform as necessary)

2.9.2. Doppler Mode being selected
2.10. Then place the sample volume proximal to the level of the pulmonary valve in the center of the right ventricular outflow tract [2.10.1.-MED] and position the cursor parallel to the direction of blood flow through the vessel [2.10.2.-LM].
2.10.1. Few seconds Talent placing sample volume proximal to pulmonary valve
2.10.2. Fig 3B.AI: please add/indicate yellow lines
2.11. Adjust the scale along the direction of the blood flow as necessary to obtain a “good” Doppler envelope – that is, an image with white borders and a dark hollow inside indicative of laminar blood flow [2.11.1.-LM] - and record the Doppler tracing [2.11.2.-LM].
2.11.1. Fig 3C.AI: please highlight/indicate image at top of figure
2.11.2. Fig 3C.AI: please highlight/indicate graph at bottom of figure
3. Right heart catheterization
3.1. To perform a closed chest right heart catheterization, place the anesthetized rodent under a dissection microscope [3.1.1.-WIDE] and incise the skin from the mandible to the sternum [3.1.2.-SCOPE].
3.1.1. Talent placing animal under microscope (Videographer: More Talent than animal in shot) 

3.1.2. Few seconds skin being incised
3.2. Place a pair of retractors on each side of the incision to fully expose the cervical area [3.2.1.-SCOPE]. 
3.2.1. Few seconds/shot of second retractor being placed
3.3. Then separate the salivary glands by blunt dissection [3.3.1.-SCOPE], followed by use of fine blunt tip forceps to expose the right external jugular vein [3.3.1.-SCOPE].
3.3.1. Few seconds at least one salivary gland being dissected

3.3.2. Few seconds right external jugular vein being dissected
3.4. Carefully isolate the right external jugular vein from the surrounding connective tissue [3.3.1.-SCOPE] and place two pieces of silk suture beneath the right external jugular vein [3.3.2.-SCOPE-TXT].
3.4.1. Last few seconds vein being isolated, then shot of vein if possible

3.4.2. Few seconds second piece of suture being placed under vein (TEXT: 6-0 mice; 4-0 rats)

3.5. Distally ligate the vein as close to the mandible as possible [3.4.1.-SCOPE] and tie a loose knot proximally [3.4.2.-SCOPE].
3.5.1. Few seconds vein being ligated (Video Editor: if possible/appropriate, please indicate mandible when mentioned)

3.5.2. Few seconds knot being tied
3.6. Using iris scissors, make a small incision in the external jugular vein proximal to the distal tied knot [3.6.1.-SCOPE].
3.6.1. Few seconds incision being made 
3.7. Next, mark the catheter [3.7.1.-CU] at a length roughly corresponding to that from the external jugular vein to the heart [3.7.2.-SCOPE].
3.7.1. Shot of catheter being marked

3.7.2. Shot of marked catheter being “measured” next to jugular vein to the heart to show mark/length 
3.8. Then, using forceps, insert the catheter into the incision [3.8.1.-SCOPE-TXT] and tighten the proximal knot [3.8.2.-SCOPE].
3.8.1. Few seconds catheter being inserted (TEXT: e.g. PE-10 tubing: 2 Fr mice; 3 Fr rats)  
3.8.2. Few seconds knot being tightened
3.9. Gently push the catheter into the right heart [3.9.1.-SCOPE], monitoring the depth of advancement according to the mark on the catheter [3.9.2.-SCOPE] and verifying the location of the catheter in situ by the pressure tracing on the computer monitor [3.9.3.-SCREEN].
3.9.1. Few seconds catheter being pushed into right heart (Continue shot for 3.8.2.)

3.9.2. 3.8.1. (catheter being pushed into heart) (Video Editor: please circle/add arrow/otherwise indicate mark on catheter) 

3.9.3. *To be provided by Authors
3.10. Once a right ventricular pressure tracing has been identified [3.10.1.-SCREEN], stabilize the catheter for data collection [3.10.2.-MED].
3.10.1. *To be provided by Authors (Skip if same as 3.9.3.)

3.10.2. Few seconds Talent stabilizing catheter
4. Open-chest right ventricle pressure-volume loop analysis
4.1. To obtain right ventricular pressure-volume loops, next, intubate the rodent [4.1.1.-WIDE].
4.1.1. Few seconds Talent intubating rodent (Videographer: More Talent than rodent in shot) 
4.2. Then make an incision below the xyphoid process [4.2.1.-SCOPE] and bilaterally dissect the skin with scissors towards the flank [4.2.2.-SCOPE].
4.2.1. Few seconds incision being made

4.2.2. Few seconds skin being dissected
4.3. To open the abdominal cavity through the abdominal wall, make a bilateral dissection along the diaphragm [4.3.1.-SCOPE].

4.3.1. Few seconds cavity being opened
4.4. Then open the diaphragm to expose the apex of the heart [4.4.1.-SCOPE] and bilaterally cut the rib cage [4.4.2.-SCOPE-TXT].
4.4.1. Few seconds diaphragm being opened

4.4.2. Shot of apex, then few seconds rib cage being cut (TEXT: Electrocauterize as necessary)

4.5. Carefully isolate the inferior vena cava from the surrounding connective tissue [4.5.1.-SCOPE] and place sterile gauze soaked in normal saline over the abdominal cavity and intubation sites [4.5.2.-CU].
4.5.1. Few seconds IVC being isolated

4.5.2. Gauze being placed over cavity
4.6. Then, using a small piece of PE-60 tubing, guide the puncture of the conductance catheter into the right ventricle apex [4.6.1.-SCOPE] and insert the catheter tip through the stab wound until all of the electrodes are inside the ventricle [4.6.2.-SCOPE].
4.6.1. Few seconds RV apex being punctured

4.6.2. Last few seconds tip being inserted/electrodes being inserted into ventricle 
4.7. Now monitor the pressure-volume loop in the software [4.7.1.-MED-over the shoulder], adjusting the position of the catheter to obtain consistently shaped loops that do not demonstrate significant respiratory variation as necessary [4.8.1.-SCREEN].
4.7.1. Talent at computer, monitoring loops

4.7.2. *To be provided by Authors

4.8. To obtain a family of pressure-volume loops, gently apply pressure to the inferior vena cava to decrease the right ventricular filling [4.9.1.-CU]; a number of hemodynamic parameters can then be calculated from these data [4.9.2.-LM].
4.8.1. Few seconds pressure being applied to IVC

4.8.2. Fig 7BC.AI


5. Heart and lung sample collection
5.1. To perform inflation perfusion of the lung, first connect inflation tubing to a ring stand [5.1.1.-WIDE-TXT].
5.1.1. Few seconds Talent attaching tubing to ring stand (TEXT: See text for appropriate euthanasia method suggestions) 
5.2. Next, bluntly dissect the trachea from the surrounding muscle and connective tissue [5.2.1.-CU] and place a piece of silk suture around the trachea [5.2.2.-CU].
5.2.1. Few seconds trachea being dissected

5.2.2. Few seconds suture being placed
5.3. Then tie a loose knot in the suture [5.3.1.-CU], press the head to gently stretch the trachea [5.3.2.-CU], and cut 70% of the circumference of the trachea close to the mandible [5.3.3.-CU].
5.3.1. Few seconds loose knot being tied

5.3.2. Few seconds head being pressed/trachea being stretched
5.3.3. Few seconds trachea being cut/mandible being closed 
5.4. Keeping the trachea stretched, insert a tracheal cannula [5.4.1.-CU-TXT] and secure the cannula with the suture [5.4.2.-CU].
5.4.1. Few seconds cannula being placed (TEXT: 20G mice; 16G rats) 
5.5. Connect the cannula to the inflation tubing [5.5.1.-MED].
5.5.1. Few seconds Talent connecting cannula to tubing (Videographer: More Talent than rodent as possible) 

5.6. Then stab the right ventricle free wall with a 10 ml syringe filled with PBS [5.6.1.-CU] and flush the lungs, injecting toward the pulmonary artery [5.6.2.-CU].
5.6.1. Few seconds wall being stabbed

5.6.2. Few seconds lung being flushed
5.7. When the lungs begin to blanch, nick the left atrium once [5.7.1.-CU]. Then cut the root of the aorta to harvest the heart [5.7.2.-CU].
5.7.1. Shot of lungs beginning to blanch/atrium being nicked

5.7.2. Few seconds aorta being cut/heart being harvested 
5.8. Finally, inflate the lung with 10% buffered-neutral formalin for 5 minutes [5.8.1.-CU] and remove the tracheal cannula [5.8.2.-CU].
5.8.1. Few seconds lung being inflated

5.8.2. Few seconds cannula being removed

5.9. Then ligate the trachea [5.9.1.-CU], excise the lung form the thorax [5.9.2.-CU] and fix the lung tissue with fresh 10% buffered-neutral formalin [5.9.3.-CU].
5.9.1. Few seconds trachea being ligated

5.9.2. Few seconds lungs being harvested

5.9.3. Lungs being placed into formalin, with formalin container label visible in frame if possible
6. Results: Representative pulmonary arterial hypertension data in rodent models
6.1. A parasternal short-axis view at the aortic level can be easily visualized in rodents [6.1.1.-LM], enabling the recording and measurement of pulmonary arterial Doppler tracings [6.1.2.-LM], the shapes of which have been associated with the degree of pulmonary hypertension [6.1.3.-LM].
6.1.1. Authors: please provide Figure 3A as its own .ai, .tif or .psd file without the “A” label (or is Figure 3B more appropriate here? If yes, please use Figure 3B without yellow cursor lines)
6.1.2. Figure 3C.AI: no animation
6.1.3. Figure 3C.AI: please outline/indicate at least one triangle-shaped data line in graph
6.2. In a closed-chest right heart catheterization of a mouse exposed to chronic hypoxia, the right ventricle systolic pressure is elevated to 45 millimeters of mercury [6.2.1.-LM], consistent with significant pulmonary hypertension [6.2.2.-LM].
6.2.1. Fig 5.jpg: please highlight right graph/draw line across top of peaks in right graph and add “45 mmHg” text 
6.2.2. Fig 5.jpg: no animation
6.3. In an open-chest right heart catheterization of a normal rat, the right ventricle systolic pressure is observed at a significantly lower level of 27 millimeters of mercury [6.3.1.-LM]. 
6.3.1. Fig 7A.AI: Fig 5.jpg: please highlight middle graph/draw line across top of peaks in middle graph and add “27 mmHg” text
3. Conclusion (said by authors on camera)
3.1. Lan Mao: Once mastered, this technique can be completed in less than one hour if it is performed properly.

3.2. Zhiyuan Ma: While attempting this procedure, it’s important to remember to make sure that the rodent is adequately anesthetized and that there are no significant sources of bleeding or tissue drying that could result in hypovolemia.
3.3. Sudarshan Rajagopal: After watching this video, you should have a good understanding of how to perform a comprehensive hemodynamic characterization of the right heart. Practice is critical to mastering these techniques.
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.  
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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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