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A.  Will you require JoVE to record video microscopy through a microscope? Y, Nissho DZ-20 Stereoscope, Step 2- Anesthesia/Intubation, Step 3- Placement of Conductance Catheter in the LV, Step 4- Varying Afterload, Step 5- Varying Preload 
B.   Does your protocol include 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 individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.6., 2.7., 2.12. 3.3, 3.7.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  5.2

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to assess the load-dependent and -independent measures of ventricular systolic and diastolic function. (Intro) This is accomplished, first, by the placement of a conductance catheter into the left ventricle of a mouse heart. (P1) In the second step, the aorta is constricted to change the afterload, (P2) followed by the alteration of the preload via the constriction of the inferior vena cava. (P3) In the final step, the conductance catheter is carefully calibrated to accurately assess the changes in the cardiac chamber volume. (P4) Ultimately, the cardiac pressure volume analysis is used to obtain the load-dependent and -independent measures of cardiac function. (P5)
No graphic submitted

(P1) show mouse in supine position with heart visible, then place catheter into left ventricle of mouse heart
(P2) place suture/knot around aorta
(P3) place suture/knot around inferior vena cava
(P4) Figure 5A.ai
(P5) Figure 6- TRV change in Ees.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dennis Abraham: The implications of this technique extend toward the therapy of cardiac dysfunction, as it allows both a rigorous evaluation of cardiac function and the potential unmasking of functional phenotypes missed by non-invasive testing.  

1.2. Dennis Abraham: Demonstrating the procedure will be Dr. Lan Mao, a mouse microsurgeon from our laboratory.  
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. Conductance catheter placement
2.1. Thirty minutes before placing a conductance catheter into the left ventricle chamber, soak the tip of the catheter in warm saline [2.1.1.-WIDE].
2.1.1. Talent placing catheter into saline
2.2. While the tip is soaking, shave the neck and chest of an anesthetized adult mouse [2.2.1.-MED-TEXT] and place the animal on a heated pad [2.2.2.-CU-TXT].

2.2.1. Few seconds Talent shaving mouse (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: ketamine/xylazine 80-100/10 mg kg-1 ip)

2.2.2. Talent adjusting rectal thermometer with heating pad under mouse visible if possible (Videographer: More Talent than mouse in shot) (TEXT: Maintain rectal temp ~36.5-37.5° C)
2.3. After applying ointment to the animal’s eyes [2.3.1.-ECU], make a midline incision in the neck [2.3.2.-SCOPE] and dissect the tracheal muscles to expose the trachea [2.3.3.-SCOPE]. 
2.3.1. Ointment being applied to one eye

2.3.2. Few seconds incision being made [2.3.2 to 2.9.2 Take 1, audio slated]
2.3.3. Last few seconds muscles being dissected then shot of exposed trachea
2.4. Then place an endotracheal tube through the mouth, visualizing the trachea for the correct placement of the tube [2.4.1.-SCOPE], and connect the tube to the respirator [2.4.2.-MED].
2.4.1. Few seconds tube being placed

2.4.2. *Film as written 

2.5. Set the ventilator settings based on the animal’s weight as indicated [2.5.1.-MED]. 
2.5.1. Few seconds Talent adjusting settings [TEXT: Tidal Volume ml = 6.2 x (animal weight in kilograms)1.01; Respiratory rate = 53.5 x (animal weight in kilograms)-0.26] (Video Editor: Text can go over action)
2.6. Then, to place the catheter by a carotid approach, make an incision over the right carotid from the mandible to the sternum [2.6.1.-SCOPE] and dissect the surrounding tissue to expose the right carotid [2.6.2.-SCOPE].
2.6.1. Few seconds incision being made [2.6.1 to 2.12 Take 3]
2.6.2. Last few seconds tissue being dissected then shot of right carotid 
2.7. Next, cut the vagus nerve that runs adjacent to the carotid [2.7.1.-SCOPE] and secure a 6-0 silk suture around the distal end of the carotid artery [2.7.2.-SCOPE].
2.7.1. *Film as written

2.7.2.  Few seconds suture being tied/secured
2.8. Place two additional sutures beneath the carotid artery proximal to the first suture [2.8.1.-SCOPE], loosely tying the middle suture [2.8.2.-SCOPE]. 
2.8.1. Shot of 3rd suture being placed with 1st and 2nd sutures visible

2.8.2. Few seconds middle suture being loosely tied

2.9. Then gently pull the proximal suture [2.9.1.-SCOPE] and use a clamp to secure the suture to the skin [2.9.2.-SCOPE].
2.9.1. *Film as written

2.9.2. *Film as written
2.10. When the carotid artery has been clamped both proximally and distally [2.10.1.-SCOPE], make a small incision in the right carotid artery proximal to the first suture and extending longitudinally toward the chest [2.10.2.-SCOPE].
[audio slating wrong]
2.10.1. Shot of artery with both clamps in position [2.10.1 to 2.12.1 Take 2, audio slated] 
2.10.2. Few seconds incision being made [Audio slated]
2.11. Now insert the saline-soaked conductance catheter tip into the vessel through the incision [2.11.1.-SCOPE], using the middle suture to secure the catheter [2.11.2.-SCOPE].
2.11.1. Few seconds catheter being placed through incision

2.11.2. Few seconds catheter being secured
2.12. Then gently advance the catheter into the left ventricle through the carotid [2.12.1.-SCOPE], watching the pressure-volume loop tracing to ensure a correct placement [2.12.2.-MED-TXT]. 
2.12.1. Few seconds catheter being advanced
2.12.2. Few seconds Talent watching pressure-volume loop tracing  (TEXT: If resistance, pull back/advance/rotate catheter w/ gentle pressure) 

2.13. Optimal placement of the catheter will yield pressure-volume loops that appear rectangular [2.13.1.-LM].

2.13.1. Figure 2B.ai

2.14. For 5-10 minutes after placement, record baseline pressure-volume loops until a steady state is achieved [2.15.1.-SCREEN].
2.14.1. *To be provided by Authors
2.15. To place the catheter by an apical approach, make the starting incision from the xiphoid process through the chest wall laterally until the diaphragm is visible [2.16.1.-SCOPE].
[Note numbering mismatch – used shot #’s from list below paragraph]
2.15.1. Last few seconds incision being made then shot of exposed diaphragm [2.15.1 to 2.17.1 Take 8]
2.16. Cut though the diaphragm to visualize the apex of the heart [2.17.1.-SCOPE] and use a 25-30 gauge needle to make a stab wound in the apex of the left ventricle [2.17.2.-SCOPE].
2.16.1. *Film as written

2.16.2. *Film as written
2.17. Then insert the conductance catheter through the stab wound until the proximal electrode is just inside the ventricle [2.18.1.-SCOPE] and record the baseline pressure-volume loops as just demonstrated [2.18.2.-SCREEN].
2.17.1. *Film as written

2.17.2. *To be provided by Authors
3. Varying after- and preloads

3.1. To vary the afterload with a transient aortic occlusion, begin by making a small horizontal incision in the upper chest [3.1.1.-WIDE] and dissect the surrounding tissue to expose the transverse aorta [3.1.2.-SCOPE].

3.1.1. Few seconds Talent working on mouse (Videographer: More Talent than mouse in shot) [3.1.1 to 3.3.2 Take 5]
3.1.2. Last few seconds tissue being dissected then shot of transverse aorta

3.2. Place a 6-0 silk ligature underneath the transverse aorta [3.2.1.-SCOPE].
3.2.1. *Film as written 

3.3. Then, when the pressure-volume loops have returned to baseline, place both ends of the ligature in a small segment of PE50 (Pronounce: “Pee-E-fifty”) tubing, clasp both ends of the suture with a needle clamp [3.3.1.-SCOPE], and gently and slowly raise the suture over a period of 1-2 seconds, followed by a slow release of the tension on the vessel [3.3.2.-SCOPE-TXT].
3.3.1. Ends of suture being clasped

3.3.2. TEXT: Repeat until 3 separate optimal recordings achieved
3.4. Optimal recordings should have at least 5 pressure volume loop cycles [3.4.1.-LM] and exhibit a steady rise in the end systolic pressures during the application of the tension on the suture [3.4.2.-LM].  

3.4.1. Figure 3C.ai

3.4.2. Figure 3A.ai: please outline black column in bottom graph and/or indicate/highlight yellow data lines/upward curve of yellow data lines in bottom graph
3.5. To vary the preload with a transient inferior vena cava occlusion, make a vertical incision below the xiphoid process and underneath the diaphragm to expose the inferior vena cava [3.5.1.-SCOPE].
3.5.1. Few seconds incision being made [3.5.1 to 3.6.1 Take 6]
3.6. Place a 6-0 silk ligature underneath the inferior vena cava [3.6.1.-SCOPE].
3.6.1. *Film as written 

3.7. Then, after the pressure-volume loops have returned to baseline, clasp both ends of the suture with a needle clamp [3.7.1.-SCOPE], and gently and slowly raise the suture over a period of 1-2 seconds followed by a slow release of the tension on the vessel [3.7.2.-SCOPE-TXT].
3.7.1. *Film as written [3.7.1 to 3.7.2 Take 7]
3.7.2. TEXT: Repeat for 3 optimal recordings

3.8. Optimal recordings should have at least 5 pressure volume loop cycles [3.8.1.-LM] and exhibit a steady drop in the left ventricular end-diastolic pressures during the application of the tension on the suture [3.8.2.-LM].   

3.8.1. Figure 4B.ai

3.8.2. Figure 4A.ai: please outline black column in bottom graph and/or indicate/highlight yellow data lines/downward curve of yellow data lines in bottom graph
4. Saline and cuvette calibration 

4.1. To perform a saline calibration at the conclusion of the study, inject a 10 microliter bolus of hypertonic saline into the animal through the jugular vein [4.1.1.-WIDE] to obtain a parallel conductance value [4.1.2.-CU].
4.1.1. Talent removing air bubbles from syringe or similar (Videographer: More Talent than mouse in shot)

4.1.2. Few seconds injection of bolus
4.2. An apparent increase in volume will be observed [4.2.1.-LM] with no change in the pressure as a result of the change in blood pool conductance [4.2.2.-LM].
4.2.1. Figure 5A.ai: please outline black column in top graph and/or indicate/highlight light blue data lines/upward curve of light blue data lines in top graph

4.2.2. Figure 5A.ai: please outline black column in bottom graph and/or indicate/highlight yellow data lines/flat top of yellow data lines in bottom graph
4.3. To perform a cuvette calibration, warm a cuvette with wells of known diameter to 37°C [4.3.1.-MED] and fill the first 3 holes with fresh, warm, heparinized blood from mice undergoing hemodynamic assessments [4.3.2.-CU].
4.3.1. Talent placing cuvette at 37°

4.3.2. [combined with 4.3.1] Last 1-2 wells being filled with blood 

4.4. Fit a plastic adaptor, provided by the manufacturer, to the cuvette. This will hold the conductance catheter stationary during the calibration. Then insert the conductance catheter into the first well until all of the electrodes are submerged [4.4.1.-CU].
4.4.1. *Film as written
4.5. Finally, record the conductance in the volume channel [4.5.1.-SCREEN].

4.5.1. *To be provided by Authors
5. Results: Change in contractility with drug administration

5.1. To test whether the beta-Arrestin biased angiotensin II receptor type 1 ligand TRV120023 (Pronounce: “T-R-V-one-two-zero-zero-two-three”) affects cardiac function in vivo, pressure-volume loop analysis was performed on wild type mice receiving conventional [5.1.1.-LM] or novel angiotensin receptor blockers [5.1.2.-LM]. 
5.1.1. Figure 6- TRV change in Ees.pdf: please add/highlight/indicate black data bar

5.1.2. Figure 6- TRV change in Ees.pdf: please add/highlight/indicate grey data bar
5.2. Indeed, in this experiment, intravenous infusion of TRV120023 increased the cardiac contractility significantly compared to conventional and control treatments [5.2.1.-LM].

5.2.1. Figure 6- TRV change in Ees.pdf: please add/indicate * and add bracket from grey data bard to black data bar

5.2.2. Figure 6- TRV change in Ees.pdf: please add bracket from grey data bard to white data bar
6. Conclusion (said by authors on camera)
6.1. Dennis Abraham: After watching this video, you should have a good understanding of how to perform pressure volume loop analysis using aortic and inferior vena cava constriction to obtain load dependent and independent measures of cardiac function.
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.  

2.12.1- Figure 2B.ai – annotated basal pressure volume with figure letter removed

3.5.1.- Figure 3C.ai- pressure-volume loops during aortic constriction with letter removed

3.5.2.- Figure 3A.ai- pressure & volume channel recordings with aortic constriction with letter removed

3.9.1.- Figure 4A.ai- pressure & volume channel recordings with IVC constriction with letter removed

3.9.2.- Figure 4B.ai- pressure-volume loops during IVC constriction with letter removed

4.2.1.-Figure 5A.ai-pressure & volume channel recordings with saline calibration with letter removed

Figure 6- TRV change in Ees.pdf

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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