Submission ID #: 53294

Editor Name: Steven Nilsen

Videographer name: Sean Glavey

Film Date: Sept 4, 2015

Authors and Affiliations: 
C.Y Wong1,2, M.R. de Vries2,3, Y Wang4, J.R. van der Vorst3, AL. VAhrmeijer2,3, J.F. Hamming3, P. Roy-Chaudhury4, T.J. Rabelink1,2, P.H.A. Quax2,3 and J.I. Rotmans1,2
1. Department of Nephrology, Leiden University Medical Canter, Leiden, The Netherlands

2. Einthoven Laboratory for Experimental Vascular Medicine, Leiden Medical Center, Leiden, The Netherlands

3. Department of Surgery, Leiden University Medical Center,  Leiden, The Netherlands

4. Division of Nephrology, University of Cincinnati, Cincinnati, OH, USA
Title: A Novel Murine Model of Arteriovenous Fistula Failure: The Surgical Procedure in Detail 
Corresponding Author: 
Joris I Rotmans, MD, PhD
j.i.rotmans@lumc.nl
Co-authors:
c.y.wong@lumc.nl
m.r.de_vries@lumc.nl
yang.wang@uc.edu
j.r.van_der_vorst@lumc.nl

a.l.vahrmeijer@lumc.nl

a.j.van_zonneveld@lumc.nl

j.f.hamming@lumc.nl


prabir.roychaudhury@uc.edu

a.j.rabelink@lumc.nl

p.h.a.quax@lumc.nl
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Yes
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? Experiment and calm room will be apart for more than 50 m on a different level.
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 this procedure is to create an in vivo animal model that mimics the pathophysiology of arteriovenous fistula failure.  
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Joris Rotmans: This method can be used to help unravel the pathophysiology of arteriovenous fistula failure and develop new interventions directed against this “postsurgical procedure” concerning arteriovenous fistula failure. 
1.2. Joris Rotmans: The main advantage of this technique in mice is that it incorporates a venous end to arterial side configuration that closely resembles the clinical situation utilized in humans.    
1.3. Joris Rotmans: Demonstrating the procedure will be ChunYu Wong, a PhD-student from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Leiden University Medical Center. 
Protocol (read by voice talent at JoVE):

2. Animal Preparations
2.1. After anesthetizing a one to three month old mouse [2.1.1-WID/TEXT], shave the hair off the ventral side of the neck and the inner regions of the upper left leg. [2.1.2-CU]

2.1.1. establish talent preparing to shave the mouse, TEXT: 3-4% isoflurane

2.1.2. shaving, as written

2.2. Use tape to clean up the loose hairs. [CU]

2.2.1. film as written

2.3. Next, apply ophthalmic ointment to both eyes. [MED/CU]

2.3.1. show amount of ointment applied to one of two eyes, and show application to eye

2.4. Then, prepare a 37 ºC heating blanket with a fixed nose ventilation mask [2.4.1-MED] and secure the head of the animal in position with adhesive tape.  [2.4.2-CU]

2.4.1. setting up heating pad and positioning mask

2.4.2. putting mouse in place and taping head down

Move 2.7 here
2.5. To the mask, send 1.5 to 2 percent isoflurane in enriched air [2.5.1-MED] at 0.3 Liters per minute along with 100% oxygen at 0.2 Liters per minute. [2.5.1-CU]


2.5.1. attaching mask and reaching for gas controls

2.5.2. adjusting isoflurane to 0.3 L / min and oxygen to 0.2 L / min

2.6. Pinch the skin between the toes to assess the depth of anesthesia; [2.6.1-CU] adjust the concentration of isoflurane if needed. [2.6.2-CU]
2.6.1. demonstrating toe pinch

2.6.2. talent shows what a reasonable adjustment to isoflurane would be, if needed

2.7. Then, fix the mouse on the blanket in a supine position by taping down its limbs. [CU]

2.7.1. taping limbs down

2.8. Now, subcutaneously inject a bolus of buprenorphine in a half-milliliter of 0.9% sodium [2.8.1-MED/TEXT] into the right flank. [2.8.2-ECU]

2.8.1. preparing the bolus in the syringe, TEXT: 0.1 mg bup / kg

2.8.2. targeting the injection site and injecting 

2.9. Complete the preparation by cleaning the exposed skin for incision using 0.5% chlorhexidine. [CU]

2.9.1. cleaning skin, show stock bottle with label
3. Surgery: Pre-anastomosis
3.1. Under a dissection microscope, [3.1.1-MED] start with a longitudinal incision along the midline of the neck.  Make it about 1.5 centimeters long, exposing the salivary glands. [3.1.2-SCOPE]

3.1.1. Establish talent preparing to make incision at stereoscope set up

3.1.2. film as written

3.2. Move the right salivary gland cranially, until it is partly outside of the wound to uncover the right jugular vein. [SCOPE]

3.2.1. film as written

3.3. Next, find the dorsomedial branch of the vein and bluntly dissect it from the perivascular tissue by spreading the tissue just alongside the blood vessel. [SCOPE]

3.3.1. film as written

3.4. Then, place a loop of 10-0 suture around the dissected vein and add a loose knot. [SCOPE]

3.4.1. film as written

3.5. The next major step is to remove the sternocleidomastoid muscle.  [MED]

3.5.1. talent at scope, picks up a pair of forceps to prepare for next step

3.6. Begin by using a pair of forceps to bluntly dissect around the right sternocleidomastoid muscle. [SCOPE]

3.6.1. film as written

3.7. Then, ligate the muscle with two 6-0 suture loops and excise it using a cauterizer. [SCOPE]

3.7.1. film as written

3.8. Moving on, dissect and prepare the common carotid artery.  Once identified, place a 6-0 suture around it and, then, place vascular clamps as far distally and proximally as possible onto the artery. [SCOPE]

3.8.1. film as written

3.9. Then, with micro-scissors, make a one millimeter longitudinal incision into the artery. [SCOPE]

3.9.1. film as written

3.10. Once incised, rinse the artery with heparin solution to remove the blood.  [SCOPE]

3.10.1. film as written

3.11. Then, measure and adjust the length of the incision to match the width of the vascular clamp. [SCOPE]

3.11.1. film as written

3.12. Now, position a thread around the vein and attach a vessel clamp proximally.  Apply gentle traction caudally using a hemostat and ligate the vein as distally as possible using the already positioned 10-0 suture. [SCOPE]

3.12.1. film as written

3.13. Once ligated, cut the vein just proximal of the ligation to access the lumen. Gently dilate the lumen with the vascular forceps and rinse the vein out with heparin and proceed with the anastomosis. [SCOPE]

3.13.1. film as written
4. Surgery: Anastomosis and Closure
4.1. To start the anastomosis … [WID]

4.1.1. establishing shot of talent at stereoscope 

4.2. … connect the vein to the artery with an interrupted 10-0 suture using 2 square knots at the twelve o’clock position followed by a suture at the six o’clock position.  Make sure there is no torsion of vein and rotate the heating blanket as desired to create an optimal angle for the insertion of the suturing needle. [SCOPE]

4.2.1. film as written

4.3. Next, position a suture thread around the vein and apply gentle lateral traction. [SCOPE]

4.3.1. film as written

4.4. Then, add three or four more interrupted sutures at the visible ventral side of the anastomosis to complete the connection. [SCOPE]

4.4.1. film as written
4.5. ChunYu Wong: In order to create a patent arteriovenous fistula, it is of upmost importance to prevent torsion of the vein and to prevent needle placement through both the anterior and posterior vessel wall during the suturing procedure. [MED/WID]

4.5.1. interview shot at surgical bench

4.6. Now, rotate the heating blanket 180 degrees and focus on the left upper leg. [SCOPE]

I wasn’t sure if the emphasis was on the left, or that it was the upper leg.  2 takes.
4.6.1. film as written Probably should have filmed as Med/Wid instead, so perhaps we should remove this part
4.7. Identify the femoral bundle by looking for a vascular structure that runs longitudinally in the medial part of the upper leg.  It can be seen through the skin. [SCOPE]

4.7.1. film as written

4.8. Make an approximately one centimeter incision over the femoral vein in a lengthwise manner and carefully dissect the perivascular tissue of femoral vein. [SCOPE]

4.8.1. film as written

4.9. Then, inject a dose of heparin into the femoral vein. [SCOPE/TEXT]

4.9.1. film as written, TEXT: 0.2 IU heparin / gram bodyweight

4.10. Now, return to the neck area and remove the suture thread that was placed around the vein. 
[SCOPE]

4.10.1. film as written

4.11. Follow this by placing a 6-0 suture thread below the carotid artery, over the vein and again below the carotid artery. [SCOPE] [LM]

4.11.1. film as written

4.11.2. LAB MEDIA: Figure 1-L – show this image if it is better than what is seen by our footage

4.12. Now, remove the venous vascular clamp. [SCOPE]

4.12.1. film as written

4.13. Next, twist the vascular clamps and apply traction to the suture thread to turn the half-completed arteriovenous fistula 180 degrees around the carotid artery in a clockwise manner. [SCOPE]

4.13.1. film as written

4.14. Complete the anastomosis using interrupted sutures, as previously demonstrated. [SCOPE]

4.14.1. film as written
4.15. ChunYu Wong: Adequate exposure of the posterior wall of the anastomosis is crucial in order to complete the second part.  The use of a strategically placed suture thread eases this portion of the procedure. [MED/WID]

4.15.1. Interview shot at bench

4.16. Now, remove the suture thread and remove the twist in the arteriovenous fistula. Following this, remove the distal vascular clamp and, then, remove the proximal vascular clamp. [SCOPE]

4.16.1. film as written

4.17. Access the anastomosis by gently occluding the venous outflow tract with vascular forceps. If it is patent, then the pre-occluding venous section will expand in a pulsatile fashion. [SCOPE]

I think this is a situation where it’s “pay-tent”, but just in case I did 2 takes.
4.17.1. film as written

4.18. Patency can also be confirmed with near infrared fluoroscopy.  A failure can lead to an occlusion caused by too narrow of an anastomotic area, torsion of the vessels, inadequate heparin dose or an accidental suture placement that connects the front side of the anastomosis to the back side. [LM]

4.18.1. LAB MEDIA: Figure 2, panel C

4.19. To proceed with the surgery, relocate the salivary gland to its original anatomical position and close up the two skin incisions using uninterrupted 6-0 suture.  [SCOPE]

4.19.1. film as written

4.20. Now, allow the animal to recover in a darkened heated cage after administration [MED] of 0.5 mL of 0.9% sodium chloride, injected subcutaneously. [MED]

4.20.1. moving animal to heating blanket Prepare the syringe and performing the injection 

4.20.2. preparing the syringe and making the injection Moving animal to heated cage. 

4.21. Allow the animal to fully recover in a dark cage under a heat lamp.  [MED]

4.21.1. setting up the heat lamp and recovery environment for animal

4.22. Look for a swollen neck and blood leakage, as these are indicators of an unsuccessful surgery and a suffering animal. [CU]

4.22.1. details of recovering animal, showing neck and sutures
5. Results: Histological Analysis of the Arteriovenous Fistula (AVF)
5.1. At a histological level, vascular remodeling in the AVF can be investigated elegantly using this model. Vascular remodeling in AVF occurs as a result of the increase in blood flow and pressure. In mice, this results in an increase in circumference and luminal area during the first 2 weeks after surgery.  

5.1.1. Fig 3 A

5.1.2. Fig 3 B

5.2. Immunostaining of the venous outflow tract shows that the cellular compartment of the intima mainly consists of alpha-smooth muscle actin positive cells.  

5.2.1. Fig 3 C, 

5.2.2. Fig 3 D

5.3. Two-weeks ends up being the optimal time to harvest the AVF, as after 4 weeks approximately 50 % of the AVFs are occluded. 

5.3.1. AVF 4 weeks HPS staining.jpg
6. Conclusion (said by authors on camera)
6.1. ChunYu Wong: After watching this video, you should have a good understanding of how to perform the surgical procedure and what the crucial steps are in this animal model.  Once mastered, this procedure can be performed in 1 hour.
6.2. ChunYu Wong Joris Rotmans: After its development, this technique paved the way for researchers in the field of arteriovenous fistula failure to explore the pathophysiology.
6.3. ChunYu Wong Joris Rotmans: The technique will also help to develop novel therapeutic therapies that can help reduce the morbidity and mortality in end-stage-renal-disease patients that require chronic hemodialysis treatment.
6.4. ChunYu Wong Joris Rotmans: Furthermore, this model can be combined with a model for chronic kidney failure in order to study the effect that it has on AVF maturation.
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 are included in the email accompanying the finalized script.
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