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Title: Adult Mouse Venous Hypertension Model: Common Carotid Artery to External Jugular Vein Anastomosis

Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  __Yes, steps 3 and 4. Our scope is a Zeiss Opmi 9 _______
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____No_____
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__Steps 3 and 4 are the most interesting____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  
The most difficult aspect is the anastomosis between the two diminutive vessels. It requires practice, patience and refined surgical skills to be successful. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:
The overall goal of this procedure is to _create a reliable model of cerebral venous hypertension in the adult mouse_ (Intro).

This is accomplished by first dissecting the Common Carotid Artery and the External Jugular Vein to expose both vessels. (P1).

Next, the anastomosis is prepared by applying temporary clips and ligatures. (P2).

Then, after temporarily occluding each of the vessels, a matching venotomy and arteriotomy are performed (P3).

Finally, a continuous 11-0 suture is run to create an end-to-side bypass between the Common Carotid Artery and the External Jugular Vein  (P4).

Ultimately results can be obtained that show _cerebral venous hypertension in the mouse _ through _enlargement of the mouse eye 24h after surgery and through elevated sagittal sinus pressure 2,3 and 4 weeks post-surgery_(P5).


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.   


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

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   


1.1) Author name _Ana Rodriguez-Hernandez___ : Generally, individuals new to this method will struggle, because of__ the challenging technique required for the anastomosis and the diminutive anatomy of the vessels involved.



Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     


2. Dissecting the Common Carotid Artery and External Jugular Vein

2.1. After anesthetizing the mouse with 5% isoflurane and administering 0.15 ml of bupenorphine for pain management, verify the sedation level by pricking the mouse’s paws.  (TEXT: 1.5% isoflurane for dissection; 1-1.2% thereafter). 
2.1.1. WIDE Talent at bench places sedated mouse on bench
2.1.2. MED/CU Talent pricks mouse’s paws and then applies nose cone

2.2. With the mouse in a supine position and adhesive tape affixing its limbs, remove the hair from the neck and the upper chest. 
2.2.1. CU Talent affixes the last limb and then begins to remove the hair from the neck and upper chest (either with razor or depilatory cream - there should be no visible hair/stubble at or near incision site.)

2.3. To keep the mouse hydrated during the surgical procedure, subcutaneously inject 0.2 - 0.4 ml of 0.9% saline.
2.3.1. MED/CU Talent injects saline

2.4. Begin by making a horizontal midline cervical incision across the lower neck area of the mouse.  After deepening the wound, use a traction suture to elevate the salivary glands and cervical soft tissue.  
2.4.1. CU Talent makes horizontal midline incision across lower neck
2.4.2. CU Talent uses a traction suture to elevate the salivary glands and cervical soft tissue

2.5. Next, under the microscope to avoid excessive traction and thrombosis, expose the right external jugular vein, or EJV lateral to the sternocleidomastoid muscle, or SCM.  
2.5.1. SCOPE Talent exposes the right EJV lateral to the SCM

2.6. Carefully dissect the right EJV along its course from the clavicle to the base of the skull. Coagulate and divide any branches to prepare an adequate length for temporary clip placement and anastomosis. 
2.6.1. SCOPE Talent dissects the right EJV from clavicle to base of skull
2.6.2. SCOPE Talent coagulates and divides any branches to prepare for clip placement and anastomosis

2.7. Lateral to the trachea and medial to the SCM, explore the common carotid artery, or CCA. It should be carefully exposed from the clavicle to just beyond its bifurcation into the external and internal carotid arteries (TEXT: avoid excessive traction to EJV). 
2.7.1. SCOPE Talent carefully explores the CCA, pointing out the exposed region from clavicle to just beyond bifurcation

3. Preparing the Anastomosis

3.1. To prepare the anastomosis, begin by using 10-0 nylon to ligate the CCA just proximal to its bifurcation.  Next, as close to the clavicle as possible, apply a temporary clip over the proximal CCA.
3.1.1. SCOPE Talent ligates CCA just proximal to bifurcation

3.2. Once the flow has been interrupted, transect the artery just under the bifurcation ligature and use saline to wash out any remaining blood inside the lumen. Avoid bipolar coagulation here since thermal injury to the artery wall could put the future anastomosis in jeopardy.
3.2.1. SCOPE Talent transects the artery just under bifurcation 
3.2.2. SCOPE Talent irrigates with saline to wash out remaining blood - Videographer, get enough footage here for the saline step and the last sentence of the VO

3.3. Next, to improve the visibility of the edges of the EJV, use a blue pen to mark the medial wall along the course of the planned venotomy.  Then, use a 10-0 suture to ligate the distal end as caudal as possible, and apply a temporary vascular clip to the proximal end as cranial as possible.
3.3.1. SCOPE Talent uses a blue pen to mark medial wall
3.3.2. SCOPE Talent uses 10-0 suture to ligate the distal end 
3.3.3. SCOPE Talent applies vascular clip

3.4. To avoid thrombus formation, with a fine 30G needle and 0.5 ml syringe, make an initial aperture over the marked area of the EJV and immediately use saline to irrigate the lumen.
3.4.1. SCOPE Talent makes an aperture over marked area of EJV
3.4.2. SCOPE Talent irrigates lumen with saline

3.5. Using microscissors to make a sharp and neat cutting edge, extend the venotomy until the length is about 2-3 times the diameter of the CCA (TEXT: avoid violent stretching).
3.5.1. SCOPE Talent extends the venotomy

3.6. Approximate the end of the CCA to the EJV.  Then make a side-cut incision in the donor end of the CCA to adjust the diameter to the length of the size of the venotomy.
3.6.1. SCOPE Talent approximates the end of the CCA to the EJV
3.6.2. SCOPE Talent makes side-cut incision in the donor of the CCA

4. End-to-side Anastomosis

4.1. For the CCA-to-EJV end-to-side anastomosis, start by using 11-0 monofilament nylon to suture the medial wall in a craneo-caudal direction.  Each interrupted or continuous stitch should be placed from outside-in the venous wall first (Fig 3) and then from inside-out the arterial wall (Fig 4).  If using continuous stitches, as a final step, tighten the sutures.
4.1.1. SCOPE Talent sutures the venuous wall outside-in with uninterrupted stitches 
4.1.2. SCOPE Talent sutures arterial wall inside-out
4.1.3. SCOPE Talent tightens sutures

4.2. Next, repeat the procedure from caudal to cranial with the lateral wall, from outside-in the arterial wall first and then from inside-out the venous wall (TEXT: use saline to irrigate).  
4.2.1. SCOPE Talent sutures arterial wall
4.2.2. SCOPE Talent sutures venous wall

4.3. Then, remove the temporary clip from the vein and next from the artery. Arterial blood should flow into the EJV with little or no oozing from the anastomosis and any minor bleeding should stop on its own.  It’s best to avoid using compression to prevent thrombosis of the delicate vein.
4.3.1. SCOPE Talent removes clip from vein and then from artery
4.3.2. SCOPE Arterial blood begins to flow into the EJV
 
4.4. Once pulsatile flow through the anastomosis is confirmed and no apparent bleeding is observed, use saline to irrigate the surgical field and 6-0 nylon suture to close the cervical incision.  
4.4.1. SCOPE Talent irrigates surgical field
4.4.2. SCOPE Talent closes surgical field

4.5. Finally, administer an additional 0.15 ml of intraperitoneal bupenorphine for postoperative pain management and 0.2-0.4 ml of subcutaneous 0.9% saline to replenish any blood loss during the surgery.   
4.5.1. MED/CU Talent administers analgesia then administers saline

4.6. After the procedure, monitor the mouse in an individual cage until it is fully awake, able to hold a sternal position and it is keeping a proper heart rate and respiratory frequency.  The following days, check the incision for swelling, infection, pain or dehiscence and provide analgesia as needed. 
4.6.1. MED/CU Mouse awake in cage 
4.6.2. MED/CU Talent checking incision site

5. Representative Anastomosis Results-(second to last section) 

5.1. A successful outcome for the procedure demonstrated here is a patent arteriovenous fistula that induces venous hypertension in the murine brain.  To validate the model, the intracranial venous pressure in the sagittal sinus of the mice was initially measured two, three, and four weeks after surgery, with six mice assigned to each time group. As shown here, postoperative 2-week sinus pressure, assessed at 8.8±1.2 mmHg, was significantly higher than the 4.7±1.4 mmHg measured in the 3 week post-surgery group and the 4 week post-surgery assessment of 3.9±0.6 mmHg. 
5.1.1. LAB MEDIA Figure 6

5.2. However, the complex technique required to measure the sinus pressure is not necessary to ensure fistula patency and venous hypertension on a regular basis. Instead, the desired outcome can be checked using one of two methods.  The first directly examines the patency of the fistula at the end of the surgical procedure in two ways.  Using jeweler’s forceps to temporarily obstruct the EJV cranial to the anastomosis area will cause the EJV to immediately balloon out as shown here because this point is now the only outflow of blood coming from the CCA.
5.2.1. LAB MEDIA patency test video 1 Editor, begin with a freeze frame near the end of the movie without the forceps, then with the VO, “The first directly examines…” run the end of the movie and then loop/transition to the beginning that show the forceps coming in and obstructing the area

5.3. The second fistula patency test is performed by occluding the vein graft distal to the anastomosis and slowly emptying, or ‘milking’ it.  Once the occlusion is released, a patent anastomosis should quickly refill the emptied segment.
5.3.1. LAB MEDIA patency test video 2, Editor, loop the video if necessary

5.4. The second method for ensuring fistula patency and venous hypertension is by identifying clinical signs of venous hypertension.  For example, if the model is working, the mouse’s eye may noticeably enlarge 24 hours after surgery due to comprised venous drainage of the head and neck.   As shown here, although both eyes enlarge after surgery, the phenomenon is more prominent on the operated side.
5.4.1. LAB MEDIA Figure 7 - Editor, point out the enlarged eye on the left side of the image



INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

6.  Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.


6.1 Author name _Ana Rodriguez-Hernandez: After watching this video, you should have a good understanding of how to successfully perform this technically challenging anastomosis that provides a reliable cerebral venous hypertension model in the adult mouse.


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 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.
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