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Title: Reproducible Paraplegia by Thoracic Aortic Occlusion in a Murine Model of Spinal Cord Ischemia-Reperfusion
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)?  No
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:


Animal Positing

Insertion of Laser Doppler


Sternotomy

Dissection of aortic/subclavian arteries 


Aortic Occlusion


Closure of sternotomy

D.  What is the single most difficult aspect of this procedure?  


Appropriate clamp placement
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.  
Conceptual Narrative:
The overall goal of the following experiment is to study the effects of spinal cord ischemia in a murine model (Intro).
This is achieved by first inserting a laser Doppler probe over the femoral artery (P1, Editor,use Jove Schematic2.pptx here.  Bring in the leg, add in the red bar in the white section, then bring in the gray box with the gray circle and then place the gray circle over the red bar in the leg). 
Next, the sternotomy is performed to access the aortic arch and left subclavian artery (P2, Editor, from JoVE schematic, use the panel to the left of the white arrow and emphasize the aortic arch and subclavian artery with the VO).   

Then, careful dissection of the aorta and subclavian arteries is performed  in order to adequately reduce arterial blood flow to the spinal cord (P3, Editor, transition to the right hand panel, adding the gray vertical cross clamp and fade out the red color to the right of the bar for ‘adequately reduce arterial blood flow to the spinal cord).
Results are obtained that show a post-operative neurologic deficit which is based on the basso mouse score_(P4, Editor, use Figure 2 here).
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!)  Have authors choose one or two statements for the day of filming).
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 Marshall Bell Ferenc Puskas: The main advantage of this technique over existing methods, like lateral thoracotomy, is that the pleural space is not violated.   

1.2) Author name Ferenc Puskas: This method can help answer key questions in the spinal cord ischemia-reperfusion, such as the pathophysisology of this disease and pharmacological adjuncts to prevent it. 

1.3) Author name Marshall Bell Ferenc Puskas: The implications of this technique extend toward therapy preventing paraplegia following spinal cord ischemia, because investigate pharamacological adjuncts in a small animal model.

1.4) Author name Ferenc Puskas: Though this method can provide insight into paraplegia which complicates thoracoabdominal surgery, it can also be applied to other disease processes causing acute spinal cord ischemia such as hypotension or vasculopathies.

1.5) Author name Marshall bell Ferenc Puskas: Generally, individuals new to this method will struggle, because the dissection of the aorta requires extreme care to avoid a hemorrhage or pneumothorax.
1.6)  Author name Ferenc Puskas: I/We first had the idea for this method, when I/We we having difficulty using the lateral thoracotomy technique which has been widely published.

1.7) Author name Marshall Bell Ferenc Puskas: Visual demonstration of this method is critical, as the mediastinal dissection is difficult to learn, because extreme care must be used to perform the operation without mortality.   

1.8) **Author name Ferenc Puskas Demonstrating the procedure will be Marshall Bell a _Surgery Resident (technician, post doc, grad student) from my laboratory (Add additional mention of demonstrators as necessary).  

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. Rectal Probe Laser Doppler Placement

2.1. After anesthetizing a mouse according to the text protocol, insuring that it is sufficiently sedated, and removing the hair from the midline thorax and left lower extremity ventral surface, insert a lubricated rectal probe into the mouse’s rectum and secure it in place to the operating bed.
2.1.1. WIDE Talent sets a sedated mouse down on sterile bench

2.1.2. MED/CU Talent performs a toe pinch

2.1.3. CU Talent cleans shaved area with ethanol

2.1.4. CU Talent finishes inserting a rectal probe

2.2. Adjust the heating bed for a target rectal temperature of 36.5°C.
2.2.1. CU Talent adjusts the heating bed for rectal temp of 36.5(C
2.3. Next, make a small incision over the femoral artery and dissect the skin away from the subcutaneous tissue.  Then, insert a laser Doppler probe over the femoral artery.
2.3.1. CU Talent makes incision over femoral artery and dissects skin away from subcutaneous tissue
2.3.2. CU Talent inserts laser Doppler probe over femoral artery (these two shots were combined)
2.4. Adjust the probe positions until the perfusion monitor registers greater than 800 perfusion units.  
2.4.1. CU Talent adjusts probe position
2.4.2. CU Probe monitor registering more than 800 perfusion units (these two shots were combined)
2.5. Firmly secure the probe in place as improperly secured probes can have falsely low perfusion measurements. 

2.5.1. CU Talent secures the probe in place deleted step
3. Dissection of Aortic Arch/Subclavian Artery
3.1. To carry out dissection of the aortic arch and subclavian artery, make a 2 cm skin incision above the sternal notch and gently dissect the skin away from the subcutaneous tissue.
3.1.1. CU Talent makes a 2 cm skin incision above the sternal notch and gently dissects skin away from subcutaneous tissue
3.2. Dissect free the submandibular gland. If bleeding occurs, use a cotton swab to apply gentle pressure.
3.2.1. CU Talent dissects free the submandibular gland
3.2.2. CU Talent applies gentle pressure to stop bleeding
3.3. In the avascular plane, divide the submandibular gland through the midline.  Using forceps, gently lift the sternum and with scissors, carefully make a 1 cm midline sternotomy (TEXT: avoid deviating from midline) through the midline of the sternum. 
3.3.1. CU/ECU Talent divides the submandibular gland through the midline
3.3.2. CU Talent uses forceps to gently lift the sternum and uses scissors to make a 1 cm midline sternotomy through the midline of the sternum  (these steps were combined)
3.4. Place 5-0 retraction sutures on each side at the edge of the sternum and retract the sternum laterally, securing sutures to the operating bed (TEXT: avoid placing retraction sutures too far laterally).
3.4.1. CU Talent places 5-0 retraction sutures on each side at edge of sternum
3.4.2. CU Talent retracts sternum laterally and secures sutures to operating bed (these steps were combined)
3.5. Next, using blunt dissection, free the strap muscles along the trachea. Then use scissors to divide the left strap muscle to improve exposure.
3.5.1. CU Talent uses blunt dissection to free strap muscles along trachea

3.5.2. CU Talent uses scissors to divide left strap muscle
3.6. Dissect the thymus free from the surrounding tissue. Continue blunt dissection until the great vessels are visualized, using extreme caution to prevent entering into the pleural space.
3.6.1. CU Talent dissects free the thymus from surrounding tissue and continues blunt dissection until great vessels are visualized, using extreme caution to avoid entering pleural space
3.7. Then place vascular clamps on the aortic arch and the left subclavian artery.
3.7.1. CU Talent places vascular clamps on aortic arch and left subclavian artery- multiple takes
3.8. Verify that the distal flow has been appropriately disrupted, which will be seen as a >90% reduction in perfusion units. Continue the occlusion for 4-8 minutes.
3.8.1. CU of aortic arch and left subclavian artery

3.8.2. CU Perfusion monitor showing 90% reduction in perfusion units

3.8.3. CU of occluded aortic arch and left subclavian artery (multiple takes)
3.9. When the time is up, remove the vascular clamp and verify hemostasis. 

3.9.1. CU Talent removes vascular clamp and waits to confirm hemostasis
3.10. To close the sternotomy and skin, begin by removing the retraction suture on the left side of the mouse. Use the right retraction suture to close the sternotomy and use a running 5-0 stitch to close the skin.
3.10.1. CU Talent removes retraction suture on left side
3.10.2. CU Talent uses right retraction suture to close sternotomy
3.10.3. CU Talent uses 5-0 stitch to close skin
3.10.4. CU talent removes lazer Doppler from skin and closes skin incision (added)
3.11. Allow the mouse to recover in a cage placed on a heating pad before returning it to a normal cage with access to food and water.  Monitor it for signs of respiratory distress and if necessary, euthanize according to the text protocol.

3.11.1. MED/CU Mouse still sedated recovering in cage on heating pad

3.11.2. MED/CU Mouse in normal cage moving around - has access to food and water - Editor, bring in this step with the VO, ‘Monitor it for signs…’

3.12. Finally, use the Basso Mouse Scale for Locomotion to monitor the animal at 12-hour intervals.

3.12.1. LAB MEDIA Figure 1
4. Representative Thoracic Aortic Occlusion-induced Paraplegia Results-(second to last section) 
4.1. Mice underwent sham surgery or aortic occlusion for 4 to 8 min and postoperatively, the animals were graded by the Basso Mouse Scoring system shown here.
4.1.1. LAB MEDIA Figure 1
4.2. This graph illustrates that mice that underwent sham surgery had no observable functional deficits at any point postoperatively.  Mice subjected to moderate ischemia (4 min) had near normal hind-limb function at 12 hrs with progressive functional decline to complete paralysis by 48 hrs. And mice in the prolonged ischemia group had complete paralysis following surgery without any recoverable function.
4.2.1. LAB MEDIA Figure 2, Editor, point out the sham, 4-minute, and 8-minute lines with the VO
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/index/Details.stp?ID=1597
5. 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.
5.1. Author name Marshall Bell: After watching this video, you should have a good understanding of how to safely dissect the aortic arch and adequately reduce the arterial blood flow to the spinal cord.
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.

( 2010, Journal of Visualized Experiments


