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A.  Will you require JoVE to record video microscopy? Y, Nikon SMZ-800 with camera port (although we don’t have a camera)
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.6., 2.7., 3.5.-3.9., 4.2.-4.4., 5.2., 5.3.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The thoracotomy (procedure 3) steps 3.6. (entering the chest) and 3.10-11 (cutting across the chest are particularly critical, as damaging the heart is pretty easy at this point

E.  Will the filming need to take place in multiple locations? Y, same building, different rooms 
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 measuring pressure-volume loops in the mouse is to obtain a detailed assessment of cardiac function. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. DeWayne Townsend: This method is useful for the physiological characterization of mice harboring specific genetic manipulations, which in turn can provide insight into the role of specific proteins on cardiac function. 

1.2. DeWayne Townsend: The main advantage of this technique is that it provides a detailed assessment of hemodynamic function that is not available through other methodologies.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

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)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Minnesota.
Protocol (read by voice talent at JoVE):

2. Tracheotomy
2.1. Once the mouse is prepped for surgery [2.1.1.-WIDE-TXT], begin by making an incision at the sternal notch extending from about 5 mm right of the midline to about 5 mm left of the midline [2.1.2.-CU-TXT].

2.1.1. Few seconds Talent at bench, taping down limbs/applying depilatory cream or similar (Videographer: More Talent than mouse in shot) (TEXT: See text for full surgical preparation details)
2.1.2. [2.1.2 to 2.3.2 combined] Few seconds incision being made (TEXT: Anesthesia: 2-5% isoflurane)

2.2. Make a second incision extending along the right edge of the first, rostrally to about 2 mm caudal to the end of the mandible [2.2.1.-CU].
2.2.1. Few seconds second incision being made 
2.3. Then make a third incision extending from the rostral end of the second incision to about 5 mm left of mid-line [2.3.1.-CU] and retract the resulting skin flap to the left to expose the underlying tissues [2.3.2.-CU].
2.3.1. Few seconds third incision being made

2.3.2. Few seconds skin flap being retracted 
2.4. Next, under a dissecting microscope, blunt dissect the parotid and submandibular salivary glands at the midline [2.4.1.-SCOPE] to expose the underlying musculature overlying the trachea [2.4.2.-SCOPE].
2.4.1. Few seconds salivary glands being dissected

2.4.2. [combined with 2.4.1] Shot of musculature over trachea

2.5. Then bluntly separate the right and left sternohyoideus muscles [2.5.1.-SCOPE].

2.5.1. Few seconds right and left sternohyoideus muscles being separated

2.6. When the trachea is visible, pass a 10 cm piece of 3-0 silk suture under the throat tissue, taking care to not include the esophagus [2.6.1.-SCOPE-TXT].

2.6.1. Few seconds suture being placed (TEXT: Adjust ventilator manifold after suture placement)

2.7. Using a 20 gauge needle, make a wide incision in the gap just caudal to the larynx before the first tracheal ring [2.7.1.-SCOPE]. Then immediately remove the anesthesia mask from the animal [2.7.2.-MED] and carefully insert the endotracheal tube into the trachea [2.7.3.-CU-SCOPE TXT].

2.7.1. Few seconds incision being made
2.7.2. [2.7.2 to 3.1.1 combined] Talent removing mask (Videographer: More Talent than mouse in shot)

2.7.3. Few seconds endotracheal tube being inserted (TEXT: Caution: Do not force tube/damage throat tissue)

3. Thoracotomy
3.1. Once the tube has been secured [3.1.1.-WIDE-TXT], extend the right edge of the original skin incision down to the xiphoid process and across the midline to about 1.5 cm left of the midline [3.1.2.-CU/SCOPE-TXT].

3.1.1. Few seconds Talent securing tube (Videographer: More Talent than mouse in shot) (TEXT: Chest excursions should be clearly evident)

3.1.2. [3.1.2 to 3.2.1 combined] Few seconds incision being extended (TEXT: Cauterize external mammary vessels prior to incision)

3.2. Next, use blunt dissection to retract the skin flap laterally, exposing the underlying musculature [3.2.1.-SCOPE], and use vessel dilating forceps to isolate the insertion of the pectoralis major on the right side near the caudal aspect of the sternum [3.2.2.-SCOPE].
3.2.1. Few seconds blunt dissection/flap being retracted 
3.2.2. [3.2.2 to 3.4.1 combined] Shot of underlying musculature then few seconds pectoralis major insertion being isolated

3.3. Cauterize [3.3.1.-SCOPE] and cut the muscle [3.3.2.-SCOPE-TXT]. 

3.3.1. Shot of muscle being cauterized

3.3.2. Shot of muscle being cut (TEXT: Cauterize/cut after every muscle dissection)

3.4. Then cut through the pectoralis major along its attachment to the sternum [3.4.1.-SCOPE] and undermine the latissimus dorsi on the same side [3.4.2.-SCOPE].

3.4.1. Few seconds muscle being cut

3.4.2. [3.4.2 to 3.5.1 combined] Few seconds latissimus dorsi being undermined
3.5. Retract the cut end cranially to reveal the ribs [3.5.1.-SCOPE-TXT] and use a pair of sharp forceps to carefully dissect down through the intercostal muscle layers to enter the chest [3.5.2.-SCOPE].

3.5.1. Cut end being retraced to reveal ribs (TEXT: Blunt dissect as necessary)

3.5.2. [3.5.2 to 3.7.2 combined] Few seconds dissection through intercostal muscles 

3.6. Once the pleural space has been opened, carefully insert the blunt-tipped vessel dilators [3.6.1.-SCOPE] and lift the chest wall with gentle upward force [3.6.2.-SCOPE].

3.6.1. Shot of opened pleural space, then few second dilators being inserted (Videographer: Combine 3.6.1. and 3.6.2. as appropriate)

3.6.2. Few seconds chest wall being lifted (Videographer: Combine 3.6.1. and 3.6.2. as appropriate)

3.7. Now cut laterally along the intercostal muscles, taking care not to cut the lung lobe [3.7.1.-SCOPE], and extend the incision medially, keeping 3-4 mm lateral of the midline to avoid the internal mammary artery running parallel to the sternum [3.7.2.-SCOPE].

3.7.1. Few seconds lateral cut being made

3.7.2. Few seconds incision being extended

3.8. Then place a saline-soaked, small cotton tipped applicator through the incision toward the midline [3.8.1.-SCOPE] and provide a gentle upward traction to pull the chest wall away from the underlying structures [3.8.2.-SCOPE].

3.8.1. [3.8.1 to 3.10.3 combined] Cotton tip being inserted through incision (Videographer: Combine 3.8.1. and 3.8.2. as appropriate)

3.8.2. Few seconds chest being pulled away from underlying structures (Videographer: Combine 3.8.1. and 3.8.2. as appropriate)

3.9. Perform a final cautery along the chest wall beginning at the medial edge of the incision [3.9.1.-SCOPE-TXT] and ending about 1 cm lateral of the midline on the left side [3.9.2.-SCOPE].

3.9.1. Few seconds cautery beginning at medial edge of incision (TEXT: Advance applicator to the left continuously under cautery tip)

3.9.2. Last few seconds cautery ending 1 cm from midline on left side

3.10. Once the tissue has been thoroughly cauterized [3.10.1.-SCOPE], use scissors to carefully cut through the sternum [3.10.2.-SCOPE]; the apex of the heart should be clearly visible [3.10.3.-SCOPE].
3.10.1. Shot of cauterized tissue

3.10.2. Few seconds sternum being cut

3.10.3. Shot of heart apex (Video Editor: please indicate heart apex as possible/appropriate) 
3.11. Then, using blunt dissection, disrupt the pericardium [3.11.1.-SCOPE] and identify the caudal vena cava [3.11.2.-SCOPE-TXT].

3.11.1. Few seconds pericardium being disrupted

3.11.2. [combined with 3.11.1] Shot of caudal vena cava (Video Editor: please indicate caudal vean cava as possible/appropriate) (TEXT: Cauterize bleeding as necessary)

4. Jugular vein catheter placement

4.1. To place the jugular vein catheter, orient a 30 gauge needle catheter attached to a syringe containing 10% albumin [4.1.1.-WIDE-TXT] such that the needle lies upon the jugular vein on its own, bevel side up [4.1.2.-SCOPE].

4.1.1. Talent attaching catheter to syringe (TEXT: See text for catheter preparation details) Needle orientation at the end of the catheter is important, shown in SCOPE images
4.1.2. [4.1.2 to 4.5.3 combined] Needle being placed onto jugular

4.2. To visualize the jugular vein, grasp the needle with forceps in one hand [4.2.1.-CU] and retract the salivary gland with tissue forceps in the other [4.2.2.-SCOPE].

4.2.1. Needle being grasped

4.2.2. Salivary gland being retracted

4.3. Apply gentle traction to the tissues surrounding the distal jugular vein to create tension on the vessel wall [4.3.1-SCOPE].

4.3.1. Traction being applied 

4.4. Then, using a shallow angle of approach, carefully insert the needle into the vein [4.4.1-SCOPE] and advance the tip 3-4 mm into the vessel [4.4.2.-SCOPE].

4.4.1. Few seconds needle being inserted (Videographer: Combine 4.4.1. and 4.4.2 as appropriate)

4.4.2. Few seconds tip being advanced (Videographer: Combine 4.4.1. and 4.4.2 as appropriate) 

4.5. When the catheter is in position [4.5.1.-SCOPE-TXT], glue the needle to the underlying salivary glands [4.5.2.-SCOPE] and infuse the albumin solution [4.5.3.-SCOPE-TXT].

4.5.1. Shot of catheter in position (TEXT: Proper position = blood w/in line) Needed two incisions to place catheter
4.5.2. Few seconds needle being glued

4.5.3. Few seconds solution being infused (TEXT: Complete infusion w/in 10-15 min)

5. Ventricular catheter placement

5.1. To place the pressure-volume catheter, first move a syringe containing equilibrated saline solution and the pressure-volume catheter next to the mouse [5.1.1.-WIDE] with the catheter tip at roughly the same height as the heart [5.1.2.-CU] and zero the pressure reading [5.1.3.-CU].
5.1.1. Few seconds Talent moving solution and/or catheter into place 
5.1.2. Catheter tip being placed at same height as heart

5.1.3. Pressure reading being zeroed

5.2. Next, using a saline soaked small cotton tipped applicator, maneuver the heart to visualize the apex [5.2.1.-SCOPE] and use a 25 gauge needle to make a stab incision as close to the center of the apex as possible [5.2.2.-SCOPE].

5.2.1. [5.2.1 to 5.3.1 combined] Few seconds heart being moved

5.2.2. Few seconds stab incision being made 

5.3. Following the removal of the needle, quickly but gently insert the catheter through the incision [5.3.1.-SCOPE-TXT]. 

5.3.1. Needle being removed then catheter being inserted (Videographer: Split action into separate shots as necessary) (TEXT: Perform additional stab close to initial location as necessary)

5.4. The ventricular pressure-volume loops can then be measured.

5.4.1. Figure 1.pdf: add/outline pressure-volume loops

5.5. DeWayne Townsend “Following placement of the catheter, decrease the level of anesthesia to reduce any cardiodepressive effects. If significant blood loss occurs, increase the infusion volume of the albumin.” [5.5.1.-MED-interivew style]
5.5.1. DeWayne Townsend, speaking the above, interview style (looking just off-camera)

6. Results: Representative PV loops and PV loop measurement artifacts
6.1. By convention, the volume is plotted on the X-axis [6.1.1.-LM] and the pressure on the Y-axis [6.1.2.-LM]. 
6.1.1. Figure 1.pdf: please indicate x-axis

6.1.2. Figure 1.pdf: please indicate y-axis

6.2. Pressure-volume loops resulting from plotting the pressure against the volume should resemble a rectangle [6.2.1.-LM], with the vertical edges representing the isovolumic changes in the pressure [6.2.2.-LM], the bottom horizontal side representing the ventricular filling through the mitral valve [6.2.3.-LM] and the upper horizontal side representing the ventricular emptying through the aortic valve [5.2.4.-LM].
6.2.1. Figure 1.pdf: please superimpose an open rectangle roughly over the pressure-volume loops

6.2.2. Figure 1.pdf: please trace the left and right vertical sides of the pressure-volume loops

6.2.3. Figure 1.pdf: please trace the bottom horizontal side of the pressure-volume loops

6.2.4. Figure 1.pdf: please trace the top horizontal side of the pressure-volume loops 

6.3. In a healthy wild type mouse, left ventricular pressures of 90-110 millimeters of mercury are expected [6.2.1.-LM], with a maximal rate of a maximum derivative of pressure of 8,000-12,000 millimeters of mercury/second [6.2.2.-LM].

6.3.1. Table1.xlsx: please highlight systolic pressure and 90-110 mmHg data cells

6.3.2. Table1.xlsx: please highlight maximum dP/dt and 8000-12,000 mmHg/s data cells
6.4. Further, one of the most common artifacts of measurement that can complicate the analysis of pressure volume data is catheter entrapment, which is evident as a spike in pressure at the end of systole [6.4.1.-LM] likely resulting from the direct compression of the pressure transducer by a papillary muscle or other dynamic structure within the ventricle [6.4.2.-LM].
6.4.1. Figure 3.pdf: please highlight/indicate bottom left graph/data in bottom left graph

6.4.2. Figure 3.pdf: please add/indicate dotted line in bottom right graph

7. Conclusion (said by authors on camera)
7.1. DeWayne Townsend: Once mastered, this technique can be completed in roughly an hour, depending on the protocol used after the catheter placement, if it is performed properly.

7.2. DeWayne Townsend: While attempting this procedure, it’s important to remember to continuously monitor the mouse to ensure a sufficient anesthetic depth.

7.3. DeWayne Townsend: Following the completion of this procedure, infusions of experimental compounds can be used to assess their impact on cardiac function.

7.4. DeWayne Townsend: After watching this video, you should have a good understanding of how to surgically place a PV catheter in the left ventricle of the mouse and obtain high quality PV-loops for cardiac analysis.
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.  

Figure 1.pdf

Table 1.xlsx

Figure 3.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 are included in the email accompanying the finalized script.
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