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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Yes_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____Nikon SMZ645___________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 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? Please list 4-6 steps by their protocol number. ___1.2, 2.3, 3.3, 4.1, 4.2______________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._3.7, use of sharp tools and practice _____________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N__ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to measure the aortic pressure-diameter relationship in vivo to determine aortic stiffness. (Intro)

This is accomplished by first introducing a catheter into the tail vein for intravenous administration of vasoactive drugs. (P1)

The second step is to insert a pressure catheter into the aorta via the femoral artery for invasive blood pressure measurement. (P2)

Next, the ascending aorta is visualized by ultrasound and its diameter is tracked by m-mode. (P3)

The final step is to infuse vasoactive drugs to raise and lower blood pressure and record the corresponding changes in aortic diameter. (P4)

Ultimately, the aortic pressure-diameter data collected can be used to calculate aortic compliance to show the pressure-dependency of aortic stiffness. (P5)
P1: LAB MEDIA: images.pptx, P1, Start with the rat image with the tail vein catheter removed (the black tube on the tail).  Then, “insert” the tail vein catheter into the tail and text overlay “IV Drug Administration”
P2: LAB MEDIA: images.pptx, P2, Start by removing the blood pressure catheter (black line over the leg) from the image. Next, “insert” the catheter into the femoral artery (over the leg) and advance it slightly toward the middle artery. Text overlay “Invasive Blood Pressure Measurement”
P3: LAB MEDIA: images.pptx, P3, Start with the blood pressure probe and readout removed.  First apply the blood pressure probe to the heart and then bring in the readout

P4: LAB MEDIA: images.pptx, P4, Remove the graphs to the right.  Use a stock photo of a syringe to inject solution into the tail vein catheter. Optional: Text overlay the syringe with “Phenylephrine” or “Sodium Nitroprusside”.  Bring in the top two graphs, text overlay the right with “Phenylephrine” and the left with “Sodium Nitroprusside”

P5: LAB MEDIA: P5, show first the left graph and then the right. Text overlay “Aortic Compliance” on the right graph
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1.  Maggie Kuo: The main advantage of this technique over existing methods, like pulse wave velocity, is that local aortic stiffness can be measured.   

Protocol (read by voice talent at JoVE):

2. Preparation

2.1. To begin, prepare solutions of phenylephrine (PE) and sodium nitroprusside (SNP) in 0.9% saline.
2.1.1. MED: Talent prepares solutions.  Text overlay “See text protocol for details”
2.1.2. MED: Shot of the labeled, prepared solutions. Text overlay “PE: Phenylephrine and SNP: Sodium Nitroprusside”
2.2. Next, place the pressure catheter into a 30 ml syringe filled with distilled water and connect it to the pressure control unit. Soak the catheter, plugged in, for 30-45 minutes during the set-up and surgery procedures.
2.2.1. MED: Talent places catheter into syringe
2.2.2. MED: Talent connects catheter to pressure control unit
2.2.3. MED: Shot of catheter soaking and plugged in
2.3. The catheter used for intravenous drug infusion is made from two 30 gauge needles and PE 10 polyethylene tubing. 
2.3.1. MED: Shot of catheter making materials
2.4. Insert one needle into one end of the tubing. Next, remove the needle portion of the other needle and insert the blunt end into the other end of the tubing. Attach the catheter to a 1 ml syringe and fill with heparin-saline solution. 
2.4.1. MED: Talent inserts needle into one end of tubing
2.4.2. MED: Talent inserts blunted needle into other end of tubing
2.4.3. MED: Talent attaches catheter to a 1ml syringe and fills with solution
2.5. After confirming the absence of a hindlimb reflex, place the mouse on a heated electrocardiogram pad. Maintain anesthesia with 2% isoflurane.
2.5.1. MED: Talent confirms sedation by toe pinch. Text overlay (2-2.5% Isoflurane in 100% oxygen)
2.5.2. MED: Talent sets the isoflurane to 2%
3. Catheter Insertion
3.1. After placing ointment on the eyes, place the animal on its side to gain better access to the tail veins. Secure the mouse onto the ECG pad with tape and make sure the animal is kept warm to promote vasodilation.
3.1.1. MED: With ointment already on the eyes, talent places mouse on its side and arranges the tail
3.1.2. MED: Talent uses tape to secure animal
3.2. Next, use a piece of silastic tubing to tie a tourniquet around the base of the tail, tight enough to collapse the veins but not enough to cut off the arterial circulation. After 2-3 minutes, the vein should bulge out and become more visible.
3.2.1. CU: Talent ties tourniquet around tail
3.2.2. CU: Example of vein bulging from tail
3.3. Gently pull the tail taut and bend it at an angle with one hand while holding the needle parallel to the tail with the other. Pierce the tail at the bend, through the skin and into the vein. Blood will push back into the catheter if the needle is inserted correctly.
3.3.1. CU: Talent bends tail and holds needle as described
3.3.2. CU: Talent pierces tail
3.3.3. CU: Example of blood pushing back into tail
3.4. Place one drop of tissue glue where the needle is inserted to secure the catheter. Remove the tourniquet and confirm patency by injecting saline with little resistance.
3.4.1. MED: Talent secures needle with glue
3.4.2. MED: After removing the tourniquet, Talent tests patency by injecting saline
4. Blood Pressure Catheter Insertion
4.1. To insert the blood pressure catheter, place the animal in a supine position and tape its paws onto the ECG pad. 
4.1.1. MED: Talent arranges animal on pad and secures with tape
4.2. After removing the hair on the chest and leg with depilatory cream, use fine scissors to make an incision in the skin above the location of the femoral artery. Dissect through the subcutaneous fat tissue and use hemostats to move the abdomen aside to visualize the artery.  
4.2.1. SCOPE: Talent makes incision
4.2.2. SCOPE: Talent moves tissue aside to view artery
4.3. Using fine forceps, separate the nerve away from the artery-vein bundle. Gently pierce through the sheath around the artery-vein bundle to separate the artery from the vein. Pass one suture around the artery at the proximal end and place two sutures at the distal end. 
4.3.1. SCOPE: Talent separates nerve from artery-vein bundle
4.3.2. SCOPE: Talent separates artery from vein
4.3.3. SCOPE: Talent places sutures
4.4. Securely knot the most distal suture to stop distal blood flow. Use hemostats to pull the proximal suture to temporarily stop blood flow into the femoral artery. Next, use microscissors to make a small incision into the femoral artery near the distal knot.
4.4.1. SCOPE: Talent ties distal suture
4.4.2. SCOPE: Talent pulls suture to stop blood flow
4.4.3. SCOPE: Talent makes small incision into femoral artery
4.5. Calibrate the blood pressure catheter just before inserting it into the femoral artery. When ready, open the incision with fine forceps with one hand and insert the catheter head into the artery with the other. 
4.5.1. MED: Talent holds up calibrated catheter
4.5.2. SCOPE: Talent inserts catheter
4.6. Knot the middle suture around the catheter wire to secure the catheter into place. Relax the proximal suture and advance the catheter forward into the abdominal aorta. Knot the proximal suture to further secure the catheter and to prevent bleeding.
4.6.1. SCOPE: Talent knots suture around catheter
4.6.2. SCOPE: After loosening the suture, Talent advances catheter
4.6.3. SCOPE: Talent knots proximal suture
4.7. Carefully move the ECG pad with mouse, pressure catheter and saline syringe to the ultrasound imaging stage. Connect the blood pressure catheter to the pressure control unit. 
4.7.1. MED: Talent moves mouse to ultrasound imaging stage
4.7.2. MED: Talent connects catheter to pressure control unit
4.8. Place the saline syringe in the syringe pump. Allow the animal and the catheter to equilibrate for 20 minutes. 
4.8.1. MED: Talent places syringe in syringe pump
4.8.2. MED: Shot of animal during equilibration 
5. Measuring Aortic Diameter
5.1. First, reduce the isoflurane to 1.5%. Mount the transducer onto the rail system so that the same view is maintained for the duration of the experiment. Visualize the ascending aorta longitudinally on B-mode using a long axis view.
5.1.1. MED: Talent reduces isoflurane
5.1.3  MED: Talent mounts the transducer on a rail system
5.1.2. MED: Talent visualizes ascending aorta Insert AVI file “b-mode clip shot 5-1-2”
5.2. On the ultrasound mainframe, place the M-mode cursor over the section of aorta to be tracked. Track the aortic diameter change over the cardiac cycle using M-mode.
5.2.1. MED: Talent places cursor over the section of aorta to be tracked
5.2.2. MED: Talent tracks the aortic diameter change Insert AVI file “m-mode clip shot 5-2-2”
5.3. Next, replace the saline syringe in the syringe pump with one containing PE solution. 
5.3.1. MED: Talent changes the syringe
5.4. Record M-mode at baseline aortic pressure. Begin infusion at 360 µg/kg/min and infuse for 1 minute until aortic pressure reaches a plateau. 
5.4.1. MED: Talent records M mode
5.4.2. MED: Talent begins the infusion
5.4.3. MED: Talent views the readout while the aortic pressure reaches a plateau
5.5. At this point, stop the infusion, and wait 2 minutes for blood pressure to return to baseline.
5.5.1. MED: Talent stops the infusion
5.5.2. MED: Talent views readout as blood pressure returns to baseline
5.6. Next, lower the infusion rate to 240 µg/kg/min. Infuse for 1 minute until the blood pressure plateaus and record M-mode. Stop the infusion, and wait 2 minutes for blood pressure to return to baseline.
5.6.1. MED: Talent lowers the infusion rate
5.6.2. MED/CU: Example of blood pressure at its plateau 
5.6.3. MED: Talent monitors blood pressure until it returns to baseline 
5.7. Repeat these steps for 120 µg/kg/min PE.
5.7.1. MED: Talent switches to 120 µg/kg/min PE
5.8. After returning to baseline, replace the PE with saline and infuse at a rate of 30 µl/min. Infuse for 2-3 minutes, until further infusion does not produce an increase in aortic pressure and pressure is returning to baseline. Wait 5 minutes for the blood pressure to stabilize at baseline.
5.8.1. MED: Talent replaces PE with saline
5.8.2. MED: Talent views pressure readout
5.8.3. MED/CU: Example of pressure returning to baseline
5.9. Next, replace the saline with SNP solution. 
5.9.1. MED: Talent replaces saline with SNP solution
5.10. Record M-mode at baseline aortic pressure.  Infuse for 1 minute at 240 µg/kg/min and when aortic pressure reaches a plateau, record the M-mode. Stop the infusion and wait 2 minutes for blood pressure to return to baseline. 
5.10.1. MED: Talent records M-mode
5.10.2. MED: Talent records M-mode after pressure plateaus 
5.10.3. MED: Talent stops infusion
5.11. Next, lower the infusion rate to 120 µg/kg/min.  Infuse for 1 minute until the blood pressure plateaus while recording M-mode. Stop the infusion and wait 2 minutes for blood pressure to return to baseline.
5.11.1. MED: Talent adjusts the infusion rate
5.11.2. MED: Talent views blood pressure as it plateaus
5.11.3. MED: Talent views blood pressure as it returns to baseline
5.12. Lastly, repeat these steps with 60 µg/kg/min SNP.
5.12.1. MED: Talent switches to 60 µg/kg/min SNP
6. Results: Aortic Stiffness In Vivo
6.1. Aortic pressure is increased with infusion of the vasoconstrictor phenylephrine (6.1.1) and decreased with infusion of the vasodilator sodium nitroprusside (6.1.2). Aortic pressure plateaus 1 minute after the start of the drug infusion.
6.1.1. LAB MEDIA: Figure 5, panel A, Text overlay “Phenylephrine”
6.1.2. LAB MEDIA: Figure 5, panel B, Text overlay “Sodium Nitroprusside”
6.1.3. LAB MEDIA: Figure 5, draw a vertical line at 60 seconds and highlight the region after it, demonstrating where the reading plateaus 
6.2. This graph demonstrates that aortic pressure is changed incrementally by the dose of drug infused.
6.2.1. LAB MEDIA: Figure 4, highlight the labels on the x axis and then draw a downward arrow showing the change in responses by dose
6.3. Aortic diameter can be plotted against its corresponding aortic pressure to show the pressure/diameter relationship (6.3.1). In addition, compliance can be calculated for each pressure increment and plotted against the mean aortic pressure to show the pressure dependency of aortic stiffness (6.3.2)

6.3.1. LAB MEDIA: Figure 6,  panel A, text overlay “Pressure/Diameter Relationship”
6.3.2. LAB MEDIA: Figure 6, panel B, text overlay “ Pressure Dependency of Aortic Stiffness”
7. Conclusion (said by authors on camera)

7.1. Maggie Kuo: After watching this video, you should have a good understanding of how to insert tail vein catheters and how to obtain images of the aorta by ultrasound. The pressure-diameter data collected by this procedure can be used to calculate in vivo aortic compliance. 
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, as well as an introduction to your videographer, closer to your filming date.
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