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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes for quality.  A dissection microscope.
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 using the step numbers listed in this document. ___3.4, 4.4, 4.6, 4.9, 5.3, 5.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.____ 4.6
E.  Will the filming need to take place in multiple locations? Yes, 5 min by car
1. Introduction (Schematic Overview and Interview)

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

The overall goal of this procedure is to provide an in vivo platform to study the molecular underpinnings of vascular diseases. (Intro) In a rat, the left side carotid is exposed and temporarily cut off from the blood stream. (P1) The second step is to insert a balloon catheter into the lumen and perform a balloon injury. (P2) Next, a test reagent is perfused into the injured vessel lumen. (P3) The final step is to ligate the external carotid artery and return the flow of blood. (P4)  Ultimately, the injured artery is collected two weeks later and used to investigate morphological and cellular responses to the injury and the relative effect of the test agent. (P5)
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Video editor:
P1 – We have no image of a rat that is appropriate, so we being with the carotid (on left of image).  Animate the attachment of the two micro clips and the ligatures (one is on the occipital artery and a little difficult to see).  The labels are good, initially, but remove them as you change the color between the ligatures and clips to white (as seen in 1).

P2 – (using 2) The blue thing can be animated entering the white space where there is a red line, just below the upper liagature. Insert the blue wire tipped with the blue oval (balloon) all the way down to the bottom where the clip stays.  Initially the light blue oval should not be expanded out from the bluw line.  Do this when the narrative says “perform balloon injury”.  Then expand the balloon.  Then balloon and the blue line should move up and down upwards to bifurcation, then deflates.[if possible repeat this three times:  insert deflated balloon to the bottom   inflate and move up till bifurcation    deflate]  and retract it and then retract the whole blue line simultaneously.
P3 – Intorduce the syringe (with blue space inside) in 3 and have it enter via the red line below the top ligature.  It has a long blue needle.  The needle should progress into the area that is all blue (but it is not blue yet) and then, add the ligature that is near the V-junction that was not in part 2.  Then, turn the space blue while animate the inner part of syringe downwards and remove the blue space inside syringe accordingly. and retract Then the syringe and needle stay. 

P4 – Retract the blue space in artery (turn it to white) while animate the inner part of syringe upwards and turn the inner space of syringe to blue. Retract the syringe as well as needle. Remove the two clips, not the ligatures.  Then the area that was blue white turns red.  

P5 – Show Fig 1A.

[Note: we have also updated the graphic overview so that to show the procedure more clearly.]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Mohamed Trebak: This method can help answer key questions in the field of smooth muscle remodeling during cardiovascular diseases such as restenosis, atherosclerosis and hypertension.  

1.2. Wei Zhang: Generally, individuals new to this method will struggle because they will find difficulties in locating internal carotid artery and in inserting balloon catheter into artery lumen.

Protocol (read by voice talent at JoVE):

2. Preparations
2.1. Be sure to use sterile technique.  All surgical instruments should be autoclaved or sterilized by dry-beads and the saline solution should be sterilized by filtration.
2.1.1. WID: talent setting up the surgical site with heat pad and so forth 
2.1.2. WID: bringing the sterilized instruments to the site, not laying them out yet

2.2. After anesthetizing the rat (TEXT: 80 mg ket + 7 mg xyz / kg, i.p.) and verifying a surgical plane of anesthesia by a toe pinch, inject three milliliters of saline subcutaneously for hydration.
2.2.1. MED: the rat, NOT at the surgical site, performing toe pinch
2.2.2. MED: loading syringe with saline and injecting into rat
2.3. Then, apply ophthalmic ointment by a cotton swab to both eyes.
2.3.1. CU: applying ointment to the eyes
2.4. Now, place the rat in a supine position over a warm heat pad on the surgical platform.  There, remove the hair from the ventral neck region using hair removal ointment. 
2.4.1. MED: places rat on heat pad at surgical site (platform) and tapes its limbs.
2.4.2.  CU: shaving hair on neck and applying hair ointment
2.5. Completely wipe off the ointment after 30 seconds and swab the skin clean with alternating applications of iodine and 70% ethanol.
2.5.1. MED: wiping off ointment, then preparing wipe with iodine
2.5.2. CU: wiping skin down with iodine and then ethanol and then repeating
2.6. Now, don protective equipment, ready the tools and drape the rat, then proceed with the surgery.
2.6.1. WID: talent dons protective equipment puts on surgical gloves 
2.6.2. MED: readies the tools and draping rat
3. Isolating the Common Carotid Artery (CCA)
3.1. Every 15 minutes during the surgical procedure, re-check the animal’s response to a toe pinch.  If there is any response, administer a 10 percent dose of anesthetic cocktail.
3.1.1. Reuse 2.6.2  Made a new shot of checking toe pinch.
3.1.2. MED: talent prepares a syringe with anesthetics, in preparation if it should be needed
3.1.3. CU: performing a toe pinch 
3.2. Begin the surgery with a dissection of the common carotid artery.  First, use a scalpel to make an incision through the neck.  Then, bluntly dissect the connective tissue from the skin, being careful to avoid puncturing the underlying tissues.
3.2.1. ECU: incision into neck and blunt dissection 
3.3. Second, dissect the muscle layer along the left side to the trachea to visualize the left common carotid artery and the vagus nerve attached to it.  Then, carefully separate the nerve from the artery, so as not to damage or stretch the nerve.
3.3.1. SCOPE: dissecting the muscles, viewing trachea then carotid and vagus nerve – separating vagus from carotid
3.4. Now, continue the dissection distally to the arterial bifurcation.  Then, continue along the two branches until 1.5 to two centimeters of the artery have been isolated.
3.4.1. SCOPE: dissecting the tissue to the bifurcation on the cartotid and slightly beyond
4. The Balloon Injury
4.1. Prepare to make the balloon injury by first ligating the ECA at the proximal side of the superior thyroid branch.
4.1.1. MED: establishing shot, the talent concentrating on the surgery, making sure all tools are ready for balloon injury 
4.1.2. SCOPE: ligation of ECA
4.2. Next, ligate the occipital branch of the ECA.  This is very close to the bifurcation of the ECA and ICA. 
4.2.1. SCOPE: ligation of occipital ECA
4.3. Then, clip on the proximal end of the CCA and the distal end of the ICA.  Blood flow should now be stopped permanently through ligation and temporarily through clipping. Thus, the luminal contents in the bifurcation area have been isolated.
4.3.1. SCOPE applying clips – try to capture the change in blood flow
4.4. Now, using small micro-scissors make an arteriotomy incision on the ECA, close to the distal suture knot. 
4.4.1. SCOPE: incision made near distal suture
4.5. As needed, clean the blood with saline and cotton swabs.
4.5.1. CU: a chance for a wider shot, just mopping up
4.6. Wei Zhang: Make sure that you have isolated a long portion of the external carotid artery because the balloon catheter will enlarge the incision when you push it forward and pull it back.   
4.6.1. WID: talent with surgical site in backdrop, interview
4.7. The next step is to insert an uninflated 2F balloon catheter into the ECA lumen. Advance the catheter proximally to the CCA lumen until its tip reaches the position of the clip.
4.7.1. ECU+SCOPE: inserting the balloon catheter

4.7.2. SCOPE: the progression of the catheter as it reaches the position of the clip
4.8. Then, connect the balloon inflator to a female luer lock on a 3-way stopcock and connect a male luer lock of the 3-way stopcock to the balloon catheter.
4.8.1. CU: connecting the balloon inflator to stopcock, locked

4.8.2. CU: connecting the balloon catheter to the stopcock, locked
4.9. Now, using about one and a half atmospheres of pressure, slowly inflate the balloon, distending the carotid artery to about one and half times its initial diameter.
4.9.1. MED: talent starts inflating the balloon

4.9.2. SCOPE: the balloon begins inflating and extends vessel to 1.5X diameter
4.10. Once inflated, gently pull the balloon back, while rotating it, to the bifurcation.  Then, deflate the balloon and advance it back to its proximal end. 
4.10.1. SCOPE: pulling back balloon and rotating, then deflating balloon and retreating balloon, slightly

4.11. Repeat this inflation-tugging-deflation process two more times, then withdraw the balloon catheter from the artery lumen.
4.11.1. SCOPE: two more repeats of steps 4.9 and 4.10

4.11.2. [added] SCOPE: Withdraw balloon catheter.

5. Intraluminal Administration of Reagents
5.1. For this demonstration, lentiviral particles encoding shRNA to STIM1 are tested.
5.1.1. MED: talent lifts up the lentiviral particles tube to show label to camera

5.2. Using an intravascular over-the-needle catheter with a syringe, aspirate thirty microliters of the testing reagents.  
5.2.1. MED: talent loads intravascular over-the-needle catheter with tube contents
5.2.2. ECU: fill line on catheter
5.3. Then, insert the catheter into the ECA incision and advance it into the CCA.  To secure the catheter, use a knotted loop of suture on the EC to close the incision temporarily.
5.3.1. ECU: inserting the catheter into the ECA incision

5.3.2. SCOPE: advancing the catheter through the carotid to the CCA region and then knotting with suture
5.4. Next, inject the testing reagent and let it incubate in the CCA lumen for thirty minutes.  During this time, do not let the tissues dry out.
5.4.1. ECU+SCOPE: injecting the test reagent and then wetting the tissues with saline
5.5. Wei Zhang: Never leave the animal alone during the 30-minute incubation period. Always make sure that the rat is sedated and that the incubating solution remains in the lumen without any leakage.
5.5.1. WID: talent with surgical site in backdrop, interview
5.6. After the incubation, aspirate the solution out of the vessel, loosen the knot and remove the catheter.  Then, tie off the ECA with a piece of suture proximal to the incision and as close as possible to the bifurcation.
5.6.1. SCOPE: aspirating out the solution from the CCA, removing knot and catheter and tying off ECA with suture
6. Closing the Wound and Post-operative Care

6.1. Because the injury may cause a leak or puncture blood vessels, remove the clip on the ICA, inspect for any damage and staunch any bleeding.
6.1.1. MED: establish the talent at the surgical site, prepared to remove clips

6.1.2. SCOPE: removing the ICA clip, checking for damage, mopping up blood
6.2. Then, remove the clip on the CCA and repeat the process.
6.2.1. SCOPE: removing the CCA clip, checking for damage, mopping up blood [Note: For 6.1.2 and 6.2.1 the first take didn’t show the recovery of blood flow because animal died due to long procedure.]
6.3. With all bleeding cared for, remove the clamps, other surgical instruments and excess suture.
6.3.1. ECU: removing all the other equipment holding the surgery together
6.4. Then, close the wound with skin sutures.  
6.4.1. CU: suturing up
6.5. Follow with a gentle scrub of anti-septic, bactericide or virucide agent.  
6.5.1. CU: scrubbing skin
6.6. For hydration, administer 3 milliliters of sterile saline, subcutaneously.
6.6.1. MED: preparing saline syringe and injecting 
6.7. Now, observe the rat on a heat pad.  Administer a dose of buprenorphine intramuscularly (TEXT: 0.05 mg Bup / kg), and until it is awake and ambulant, keep the animal’s eyes and mouth moist.
6.7.1. MED: injecting Bup into rat
6.7.2. MED: checking out the rat after saline injection, inspecting eyes and mouth moisture

6.8. Once moving, transfer the rat to a clean cage without bedding.  

6.8.1. MED: moving the rat into a clean cage

6.9. When it is fully recovered, return the rat to the animal room and house it individually.
6.9.1. WID: moving rat in clean cage away from the surgical site
7. Results: Neointima Formation with Vessel Injury 
7.1. Two weeks post-injury carotid arteries were cross-sectioned and stained with H and E. Normally, vessel walls contain four layers of elastic lamina, which appear as pink lines.

7.1.1. LAB MEDIA: Figure 1A

7.2. In tissues subjected to the balloon injury, there is obvious neointima formation and adventitia and media thickening.  The thickness of neointima is of equal size or greater than the thickness of the media in the same artery.

7.2.1. LAB MEDIA: Fig 1B

7.3. STIM1 shRNA was used to test the role of STIM1 in neointima formation.  First, DAPI and STIM1 immunofluorescence were checked to confirm the knock down of STIM1 expression in the experimental condition.

7.3.1. LAB MEDIA: Fig 2A

7.4. H&E staining then revealed that STIM1 expression decreased the neointima of the injured vessel, compared to the control.  
7.4.1.  LAB MEDIA: Fig 2B
7.5. It is important for surgeons to be cautious and not over-inflate the balloon.   Improper ballooning causes eccentric as opposed to concentric neointima formation.

7.5.1. LAB MEDIA: Figure 3A

7.6. Excessive balloon damage can result in a rupture of the vessel wall, resulting in a robust thrombus formation both in the lumen and on the outer surface of the artery.

7.6.1. LAB MEDIA: Figure 3B
8. Conclusion (said by authors on camera)

8.1. Wei Zhang: Once mastered, this technique can be done in one and a half hours if it is performed properly.

8.2. Mohamed Trebak: The use of this in vivo technique has really allowed researchers studying cardiovascular disease to explore the molecular mechanisms involved in vascular smooth muscle remodeling and determine novel therapeutic targets for controlling neointimal hyperplasia in an in vivo setting.
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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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