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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)____NO_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

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 using the step numbers listed in this document. ____2.5, 2.6, 2.9, 2.10, 2.15, 3.0__________
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._  2.9 The anastomosis of the TEV is the most challenging procedure. Success is largely dependent on the structure (handling and suture-ability) of the TEV, and placement of each suture. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___NO____ If yes, how far apart are the locations? 
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 provide a reproducible protocol for the surgical implantation of vascular grafts and novel instrumentation into the carotid (pronounced as “kuh-rot-id”) artery. (Intro)
This is accomplished by first excising a section of native carotid artery in a sheep. (P1)
Editors, please use “procedure layers.ai” as the schematic overview is narrated.  For P1, show the native vessel only.  To achieve this, you should be able to hide all the layers except for layer 1.
The second step is to suture in the vascular graft, referred to here as the tissue engineered vessel, or T-E-V, using simple interrupted stitches and to establish anastomosis (pronounced as “uh-nas-tuh-moh-sis”) in the TEV. (P2)
Editors, please use “procedure layers.ai” as the schematic overview is narrated.  For P2, show the blood vessel sutured into the sheep.  To achieve this, from the last point, show layer 2 and hide layer 1.
Next, a flow probe, catheter and sonometric crystals are secured onto the carotid artery and vascular graft. (P3)
Editors, please use “procedure layers.ai” as the schematic overview is narrated.  For P3, show the catheter, crystals and flow probe sutured onto the blood vessel.  To achieve this, from the last point, progressively show each layer showing the work done of the blood vessel.
Ultimately, after implantation, this procedure allows for diameter changes, blood flow and arterial pressures to be recorded in vivo for the length of the experiment.  From these measurements, dynamic compliance, pulse wave velocity and other hemodynamic parameters can be monitored to follow in vivo remodeling. (P4)

Editors, please use “procedure layers.ai” as the schematic overview is narrated.  For P4, show the sheep with wires going to the computer.  To achieve this, continue from the last point until all the remainder of the 9 layers are shown.
Editors:  This illustration was created by a medical illustrator.  These are the instructions he gave:
Here's the Adobe Illustrator file with nine layers. After you open it
hide all layers except #1. The show layer #2 and hide layer #1. Then
progressively show each layer 3 through 9 and you have your story.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

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

1.1. Andreadis:  The main advantage of this technique is that it provides an optimized detailed vascular graft implantation protocol that can become standard practice which will minimize surgical variability and provide a means to study in-vivo remodeling.  Generally, individuals new to this method will struggle because they are not familiar with the details of optimized vascular graft implantation and the importance of monitoring vascular graft adaption and remodeling in-vivo.   
1.1.1. MED:  Andreadis speaks to the camera, interview style.

1.2. Dr. Swartz:  This method can help answer key questions in the field of vascular graft development and biology, such as, optimal vascular tissue engineering conditions and vascular graft remodeling in disease.  The implications of this technique extend toward therapy of vascular replacement, because it provides a procedure to better study the development of vascular grafts for clinical applications.  

1.2.1. MED:  Dr. Swartz speaks to the camera, interview style.

1.3. Maxwell: Through this method we can provide insight into the study of whole organ tissue engineering and vascular remodeling in disease, such as hypertension, or even whole organ transplantation. 
1.3.1. MED:  Maxwell speaks to the camera, interview style.

1.4. Sindhu: We first had the idea for this method, when we used an ex-vivo arterio-venous shunt model to assess optimal conditions for development of a tissue engineered vascular graft. 
1.4.1. MED:  Sindu speaks to the camera, interview style.

1.5. Carmon: Visual demonstration of this method is essential as the placement of sutures and instrumentation is critical for patency and successful data acquisition.  

1.5.1. MED:  Carmon speaks to the camera, interview style.

Protocol (read by voice talent at JoVE):

2. Surgical operation
2.1. To begin this procedure, induce the sheep for anesthesia and prepare the sheep for surgery as described in the text protocol.
2.1.1. Title Card.
2.2. Make an approximate 12 centimeter incision lengthwise over the ventral midline neck using electro cautery.  Then, isolate the left and right carotid arteries by removing connective tissue using a blunt dissection technique. 
2.2.1. MED-over the shoulder:  Talent makes a 12 centimeter incision lengthwise over the ventral midline neck using electro cautery.
2.2.2. CU:  Incision as talent isolates the left and right carotid arteries by removing connective tissue using a blunt dissection technique.
2.3. Maintain sterility by utilizing a surgical nurse to assist with burrowing all wiring and tubing in the subcutaneous layer of the skin. 
2.3.1. CU:   Incision as talent and surgical nurse burrow flow probe, ultrasonic crystal wires and catheter tubing in the subcutaneous layer of skin.
2.4. Reach under the sterile drape and turn the head of the sheep so that the side of the neck can be visualized under the drape. 
2.4.1. MED-over the shoulder:  Talent reaches under the sterile drape and turns the head of the sheep so that the side of the neck can be visualized under the drape.
2.5. Use an 8 centimeter curved hemostat to tunnel through the subcutaneous space between the ventral midline neck incision and the side of the neck.  Open and close the hemostat to bluntly dissect a space for the tubing to approximately 1.5 centimeters wide. 
2.5.1. CU:  Talent uses a 8 centimeter curved hemostat to tunnel through the subcutaneous space between the ventral midline neck incision and the side of the neck.
2.5.2. ECU:  Talent opens and closes the hemostat to make a 1.5 cm wide space.
2.6. Reach under the sterile drape and make a 1.5 centimeter incision through the skin, over the tips of the hemostat with a sterile number 11 blade.  Pass the Tygon tube containing all wiring and tubing through the subcutaneous tunnel.  Hold the wires and tubing above the sterile drape.
2.6.1. MED-over the shoulder:  Talent reaches under the sterile drape.
2.6.2. CU:  Skin as talent makes a 1.5 cm incision through the skin over the tips of the hemostat with a sterile number 11 blade.
2.6.3. ECU:  Tygon tube containing wiring and tubing as talent passes through the subcutaneous tunnel. 
2.7. Then, reach under the drape to remove the outer Tygon tubing from the neck, exposing the implanted wiring as it leaves the neck of the sheep.  Pull individual lines out to minimize any slack in the subcutaneous space.  Leave enough distance to properly attach the instrumentation to the artery.
2.7.1.  (2.7.1-2.7.3 combined) MED-over the shoulder:  Talent reaches under the drape to remove the outer Tygon tubing from the neck of the sheep.  Match action in next shot.
2.7.2. CU:  Neck of sheep as talent reaches under the drape to remove the outer Tygon tubing and exposes the implanted wiring in the neck of the sheep.
2.7.3. CU:  Neck of sheep as talent pulls out the individual lines to minimize slack in the subcutaneous space.
2.8. After placing the Doppler flow probes and administering heparin as described in the text protocol, clamp the carotid artery using non-crushing vascular clamps and excise a portion approximately 4 centimeters in length. 
2.8.1. MED:  Talent brings the clamp to the carotid artery using non-crushing vascular clamps.  Match/continue action in next shot.
2.8.2. CU or ECU:  Carotid artery as talent clamps it using non-crushing vascular clamps and excises a portion of ~4cm in length.
2.9. Suture the tissue engineered vessel, or T-E-V, in place using simple interrupted stitches with 7-0 (pronounced as “seven-oh”) proline ethalloy (pronounced as “eth-al-loy”) double armed monofilament suture. 
2.9.1. MED:  Talent prepares the 7-0 proline ethalloy double armed monofilament for suturing.
2.10. First anchor four points of the TEV to the native artery by placing two opposing stitches on both proximal and distal ends.  
2.10.1. CU or ECU:  Artery as talent anchors four points of the TEV to the native artery by placing two opposing stitches on both proximal and distal ends.
2.11. Then, add 5 to 6 more sutures on the superficial side of both the proximal and distal ends to begin the anastomosis.  Simultaneously rotate the vascular clamps 180 degrees. 
2.11.1. CU or ECU:  Same shot of the artery as talent adds 5 to 6 more sutures on the superficial side of both the proximal and distal ends to begin the anastomosis.  
2.11.2. MED-over the shoulder:  Talent simultaneously rotates the vascular clamps 180 degrees.
2.12. Re-establish tension on the anchoring sutures, and add 5 to 6 additional interrupted sutures to proximal and distal ends on the rotated side of the TEV.
2.12.1. CU or ECU:  Artery as talent re-establishes tension on the anchoring sutures and adds 5-6 additional interrupted sutures to proximal and distal ends on the rotated side of the TEV.   
2.13. Once the TEV is securely sutured in place, rotate it back to the original position and remove the vascular clamps one at a time, distal clamp first. 
2.13.1. MED-over the shoulder:  Talent rotates the TEV back to the original position and removes the vascular clamps one at a time starting with the distal clamp.
2.14. Next, suture 1 millimeter ultrasonic crystals to opposing sides of the TEV using 7-0 proline.  Catheterize the artery using a modified 18 gauge catheter with a Teflon woven placket. 
2.14.1. ECU:  Artery as talent sutures 1 millimeter ultrasonic crystals to opposing sides of the TEV using 7-0 Proline.
2.14.2. CU:  Artery as talent catheterizes the artery using a modified 18 gauge catheter with a Teflon woven placket.
2.15. Suture the placket to the arterial wall with 5/0 (pronounced as “five-oh”) Ethibond to control any bleeding.  Use cyclohexanone to adhere the microbore tubing to the catheter that has been flushed with saline. 
2.15.1. CU:  Artery as talent sutures the placket to the arterial wall with 5/0 Ethibond to control bleeding.
2.15.2. MED-over the shoulder:  Talent uses cyclohexanone to adhere the microbore tubing to the catheter that has been flushed with saline.
2.16. Next, secure implanted lines and wires to nearby musculature using 2/0 Silk and a taper needle.
2.16.1. MED:  Talent prepares the 2/0 silk and taper needle for securing the wires to the musculature.
2.17. To do this, position the vascular flow probe wire parallel to the vessel, with the probe caudal and the wire extending cranially.  Then making a “U-Turn” toward the lateral musculature.  Secure the wire to adjacent musculature, using 2-0 silk on a taper needle at two locations, so that the wire or flow probe is not able to place any strain on the vessel.
2.17.1. CU:  Artery/surrounding musculature as talent positions the vascular flow probe wire parallel to the vessel with the probe caudal and the wire extending cranially.  Then talent makes a “U-Turn” toward the lateral musculature. it was difficult to get the blood vessel perfectly parallel on the camcorder. I am not sure if this can be done in post-production editing, but if the blood vessel can be slightly rotated (maybe 10 degrees at times) to be more oriented (east to west in direction) it may look a little better.
2.17.2. MED-over the shoulder:  Talent secures the wire to adjacent musculature using the 2-0 silk on a taper needle at two locations. 
2.18. Then, suture the crystal wires and arterial catheter line to the lateral musculature, allowing for approximately 1.5 centimeters of slack, similar to previous steps for securing the flow probe.  Group all wires and lines together and anchor them to the musculature just before exiting out through the subcutaneous tunnel, similar to previous steps.
2.18.1. CU:  Surgical site as talent sutures the crystal wires and arterial catheter line to the lateral musculature, allowing ~1.5 cm of slack.
2.18.2. CU:  Same shot of the surgical site as talent groups the wires and lines together and anchors them to the musculature for exiting out the subcutaneous tunnel.
2.19. Close the surgical site with a 2-0 Vicryl suture in layers using a running suture pattern on the fascia and subdermal, and a running mattress stitch on the skin.  Close the 1.5 centimeter incision at the dorsal neck around the exteriorized wires and lines using 2-0 Vicryl and a cutting needle. 
2.19.1. MED-over the shoulder: Talent closes the surgical site with a 2-0 Vicryl suture in layers using a running suture pattern on facia and subdermal, and a running mattress stitch on the skin.
2.19.2. CU:  Incision at the dorsal neck as talent closes around the exteriorized wires and lines using 2-0 Vicryl and a cutting needle.
2.20. Finally, place flow probe wires, catheter lines, and ultrasonic crystal wires into a pouch that is securely sutured to the skin of the sheep.  See the text protocol for the sheep post-operative care. 
2.20.1. MED-over the shoulder:  Talent places the flow probe wires, catheter lines, and ultrasonic crystal wires into a pouch that is securely sutured to the skin of the sheep.
3. In Vivo monitoring
3.1. Place sheep into a mobile cart to ensure proper restraint.  This allows the sheep to remain calm and conscious without compromising the hardware. 
3.1.1. WIDE:  Talent places the sheep into a mobile cart to ensure proper restraint.
3.2. Remove all wires and lines from the pouch and connect them to the monitoring devices.  
3.2.1. MED:  Talent removes the wires and lines from the pouch and connects to the monitoring devices.
3.3. Connect the flow probe to a Flowmeter, the 1 mm ultrasonic crystals to a TRB-USB box, and the catheter lines to pressure transducers.  Calibrate the flow probes and pressure transducers prior to data acquisition. 
3.3.1. CU:  Monitoring devices as talent connects are connected to the flow probe to the flowmeter, the 1mm ultrasonic crystals to the TRB-USB box, and the catheter lines to pressure transducers. (on screen graphic, arrow each device)
3.3.2. MED-over the shoulder:  Talent calibrates the flow probes and pressure transducers.
3.4. Utilize an oscilloscope to fine tune the Sonometrics crystal measurement, according to the manufacturer’s protocol. 
3.4.1. CU:  Oscilloscope screen as talent uses it to fine tune the Sonometrics crystal measurement.
3.5. Record the data using computer software.  Here, the top half in white outline corresponds to the implanted TEV, while the bottom half in red outline corresponds to the Sham or Native artery.  For both the TEV and Sham the flow rate, arterial blood pressure and diameter are recorded live.
3.5.1. MED-over the shoulder:  Talent sets up the computer software.
3.5.2. SCREEN:  Screen capture movie as talent records live the flow rate, arterial blood pressure and diameter for the TEV and the Sham (top/white = TEV , bottom/red = sham)
2 files: 

52354_Swartz_SCREEN_3.5.2 - please use footage past starting at 5min for approx 15-30 seconds. I would have removed the first 4:30 but I dont know how, and we forgot to "save" to data live and then caught this mistake. Then we recorded the screen shot and saved the data at 5min+.

52354_Swartz_EXPORTED_3.5.2
3.6. After recording for at least one minute with no disturbances, export this data for more detailed analysis.  Then, disconnect all wires and place them back into the pouch sutured on the neck of the sheep. 
3.6.1. MED-over the shoulder:  Talent exports the data.
3.6.2. MED:  Talent disconnects all wired and places them back into the pouch sutured on the neck of the sheep.
4. Results: Live in-vivo data acquisition of implanted TEV
4.1. Shown here is the in vivo live recording of the flow rate, arterial blood pressure and diameter of the TEV, which may be recorded for the duration of the experiment.  Optimizing the implantation of vascular grafts using this surgical technique allows researchers to rule out surgical error as a cause of graft failure.  
4.1.1. LAB MEDIA:  Computer readout data.tiff 
5. Conclusion (said by authors on camera)

5.1. Max: Once mastered, this technique can be done in as little as 2.5-3 hours if only one TEV is being implanted, or as long as 6.5 hours if a TEV, Sham and instrumentation are to be implanted. 
5.1.1. MED:  Max speaks toward camera, interview style.

5.2. Carmon: While attempting this procedure, it’s important to remember to maintain a proper level of anticoagulation, use vasodilatory agents, and to optimize precision in the anastomotic suture placement.  
5.2.1. MED:  Carmon speaks toward camera, interview style.

5.3. Sindhu: Following this procedure, other methods such as immunostaining can be performed in order to answer additional questions like cell migration and cell differentiation. 
5.3.1. MED:  Sindhu speaks toward camera, interview style.

5.4. Andreadis: After watching this video, you should have a good understanding of how to implant TEVs into the carotid artery of a sheep, as well, how to monitor arterial blood flow, blood pressure and diameter change in-vivo.  
5.4.1. MED:  Andreadis speaks toward camera, interview style.

5.5. Dr. Swartz:  Don't forget that when working with sheep and other large animals for use in an experimental setting, you need to follow species specific precautions.  If you plan on working with large animals for your own studies, be sure you are properly trained to handle these animals in a safe and ethical manner.  
5.5.1. MED:  Dr. Swartz speaks toward camera, interview style.

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.

Procedure layers.ai

Computer readout data.tiff 

SCREEN Capture Movies

52354_Swartz_SCREEN_3.5.2:  Screen capture movie as talent records live the flow rate, arterial blood pressure and diameter for the TEV and the Sham (top/white = TEV , bottom/red = sham)
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.

( 2013, Journal of Visualized Experiments


