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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) ___N______ 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)___Y_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__Intubation, ventral neck surgery, femoral line placement, aneurism clip placement, blood draw________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Rapid blood draw during induced hypotension, femoral line must be inserted at properly and tested prior to ischemia induction.
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 is to induce a transient ischemic event in the brain to simulate the cerebral insult caused by cardiac arrest and resuscitation. (Intro)
First, systemic hypotension is induced by the withdrawal of blood from the femoral artery. (P1, use menagerie mouse lungs trachea.ai, but turn off the lungs and digestive organs and trachea, just show the heart and blood vessels. The femoral arteries are the red vessels going into the legs. Add a catheter to one of the femoral arteries (see menagerie/ Rat legs_catherter_vessels_scissors_3496.tif to see what the catheter would look like) and add a syringe to the end of the catheter. Then have the syringe plunger slowly draw back and blood (red) moves into the syringe. )
Next, the carotid arteries are occluded to restrict blood flow to the brain (P2, add carotid arteries to the mouse in P1, use menagerie/ P1_Mouse_arteries.png to see where carotid arteries should go – they are the two vessels heading from the heart up to the head (after adding, ask Adria if you should save the new figure to menagerie). At “occluded” add an “X” over each artery to show blood being cut off.)
The brain is maintained in an ischemic state for eight minutes by tight control of systemic blood pressure (P3, have the femoral syringe inject blood into the femoral artery and then withdraw blood again – not too fast. Show the whole animal while doing this.)
Finally, the clips are removed and the withdrawn blood is reintroduced. (P4, The “x”s are removed from the carotid arteries and the syringe slowly pushes all the blood back into the femoral artery.)
Ultimately, neuronal damage can be quantified at different time points following ischemia.  (P5, GBI Damage.ai)

P1-P5: Lab media: Timeline.ai, Can you highlight the appropriate part of the timeline for each section above?  
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).   
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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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Thomas Sanderson: The main advantage of this technique over existing methods, like cardiac arrest and resuscitation, is that the cerebral ischemic event can be simulated without the mortality and co-morbidies associated with systemic ischemia.   

1.2. Joe Wider: Visual demonstration of this surgical procedure is critical for expressing the importance of particular procedural nuances that ensure reproducibility. 
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.     

Video Editor: Note from videographer: “Also no visual slates were used during the video recorded of the operation. I asked the talent to talk loud during the operation so that the editor could follow along. The room was a bit loud and the talent really didn't talk loud enough. If you need assistance to identify any of the scenes feel free to contact me.

 Paul Tamm

248-541-1980”
2. Set-up and surgical preparation

2.1. Begin by making a vascular catheter. To do this, cut an 8 inch length of polyethylene 50 tubing and insert a blunted 23 gauge needle into one end. 

2.1.1. WIDE: Talent walks up to lab bench
2.1.2. MED: Talent holds up length of PE tubing

2.1.3. CU: Talent inserts 23 gauge needle into one end

2.2. Secure this needle onto one port of a three way stopcock and place another three way stopcock on the opposite port.

2.2.1. MED: Talent secures needle onto stopcock

2.2.2. MED: Talent places another stopcock on other end

2.3. Heparinize the stopcocks and catheter by running heparin saline solution throughout. Next, connect a 10ml saline syringe onto the stopcock perpendicular and distal to the catheter. 

2.3.1. MED: Talent flushes with saline

2.3.2. MED: Talent connects 10 ml saline syringe
2.4. Connect the stopcock distal to the catheter to the pressure transducer tube, fill the system with saline and remove any air bubbles.

2.4.1. MED: Talent connects stopcock to the pressure transducer tube
2.4.2. MED: Talent fills with saline

2.4.3. MED: Talent removes air bubbles

2.5. Intubate an anesthetized rat (2.5.1) to allow for the continuous administration of anesthesia (2.5.2) 
2.5.1. MED: Over head shot of talent intubating an anesthetized rat, Text Overlay (30% oxygen/70% nitrous oxide mixture at 5% isoflurane) 
2.5.2. MED: Talent connects the inhaled anesthesia, Text Overlay (30% oxygen/70% nitrous oxide mixture with 2.5% isoflurane) 

2.6. After administering an i.p. injection of ketamine, reduce the isoflurane to 1.5% and monitor the level of anesthesia throughout the procedure.

2.6.1. MED: Talent reduces isoflurane to 1.5%

2.6.2. MED: Talent confirms proper depth of anesthesia
2.7. Once anesthetized, shave the neck region and the right pelvis, where the thigh meets the abdomen. 

2.7.1. MED: Talent shaves surgical area

2.8. Place the rat in a supine position on a heated blanket. 

2.8.1. MED: Talent places animal in position on a heated blanket

2.9. After applying lubricant to the eyes and inserting a rectal thermometer, scrub the incision areas with repeated applications of betadine and 70% ethanol. Place a surgical field over the rat, and cut holes to expose the incision areas.

2.9.1. MED: Talent cleans surgical area with betadine and alcohol after lubricant is applied to the eyes and the rectal thermometer inserted
2.9.2. MED: Talent places surgical field over rat and exposes surgical areas
3. Surgical procedures

3.1. After confirming the proper depth of anesthesia, use a scalpel to make a midline incision along the neck.  Blunt dissect through the tissue to reach the sternohyoid and sternomastoid muscles.  Carefully separate the muscle by blunt dissection until the common carotid artery is visualized. 
3.1.1. CU: Talent makes incision on neck

3.1.2. CU: Talent reveals the sternohyoid and sternomastoid muscles

3.1.3. CU: Talent blunt dissects muscle to reveal common carotid artery

3.2. Isolate the carotid arteries on both sides by passing a silk suture underneath. Clear away any fascia from the vessels. 

3.2.1. CU: Talent passes a silk suture underneath the artery on both sides
3.2.2. CU: Talent clears away fascia from the vessels
Video Editor: Note from author:  “The above filming this was not optimal due to the angles/lighting and resulted in a low quality surgery.  I have a new surgical microscope that is coupled to a high-definition video camera.  Could I re-film these steps under my microscope and send you the new footage?”  I told the author to go ahead and send in new  scope footage to give you a choice of what to use … I asked him to verbally describe his actions to match the shot descriptions above. I also asked if the femoral artery dissection (below) needs to be redone.
3.3. At the indentation where the hind-limb muscles meet the abdomen, make a second incision. Dissect beneath the abdominal muscle, along the thigh muscles until you reach the inguinal ligament, exposing the femoral neurovascular bundle.

3.3.1. MED: Talent  points at the indentation where the hind-limb muscles meet the abdomen and makes the incision

3.3.2. CU: Talent dissects through muscles until reaching the inguinal ligament
3.3.3. CU: Talent exposes the femoral neurovascular bundle
3.4. Carefully isolate the femoral artery by passing a silk suture underneath and clear away any fascia leaving 5-7 mm of exposed vessel. 

3.4.1. CU: Talent passes suture under artery 
3.4.2. CU: Talent clears away fascia and reveals 5-7 mm of exposed vessel
3.5. Once exposed, tie a permanent knot at the distal end of the artery. Place another silk suture around the proximal end of the artery and tie a loose knot. 

3.5.1. CU: Talent ties not at distal end of artery

3.5.2. CU: Talent places suture at proximal end

3.5.3. CU: Talent makes a loose knot

3.6. Next, apply traction on the suture at the proximal end to occlude blood flow and make a small incision across the top of the vessel with ophthalmic scissors. 

3.6.1. MED: Talent applies traction to suture
3.6.2. CU: Talent makes incision in vessel

3.7. Use a vascular introducer to insert the catheter tubing into the vessel, 7-9mm past the vessel incision and toward the midline. Once the catheter is in place, tie the loose knot around the vessel and catheter to secure. Remove the traction from the vessel and allow it to lie naturally.  

3.7.1. CU: Talent inserts catheter

3.7.2. CU: Talent ties knot to secure

3.7.3. CU: Talent removes traction from vessel and allows it to lie normally

3.8. After administering 0.3 mls of heparin, flush away any blood from the catheter with a small amount of saline to prevent clotting. Finally, turn on the pressure monitor and calibrate the equipment.

3.8.1. CU: Talent flushes away blood

3.8.2. MED: Talent turns on the pressure monitor 
3.8.3. MED: Talent calibrates equipment
4. Ischemia Protocol 

4.1. Thomas Sanderson: “To ensure consistency between procedures, it is important to keep detailed records of the core temperature, blood pressure and other physiological variables during surgery”

4.1.1. Interview style: Talent addresses camera and says the above (standing in front of equipment mentioned)
4.2. When ready to begin, connect a heparinized syringe to the stopcock, perpendicular and proximal to the catheter. 

4.2.1. CU: Talent connects syringe

4.3.  Set a timer for 1 minute and open the stopcock so that blood can be withdrawn. 

4.3.1. MED: Talent sets timer

4.3.2. MED: Talent opens stopcock

4.4. Withdraw the blood slowly. Within 1 minute, 7-9 ml of blood should be removed.

4.4.1. CU: Talent starts withdrawing blood

4.4.2. CU: Talent continues to draw blood to get 7-9 mls
4.4.3. MED: Talent places blood at 37C  *** Move 4.4.3 to follow 4.7.3
4.5. The MAP should then drop near 30 mmHg, the target blood pressure to achieve ischemia. 

4.5.1. CU: Shot of the device showing a blood pressure drop near 30 mmHG
4.5.2. SCREEN:  Ischemia.ai
4.6. Next, apply hemostatic clips to the carotid arteries and start a timer that is set for 8 minutes.

4.6.1. CU: Talent applies clips to both arteries 
4.6.2. CU: Talent starts timer

4.7. Immediately check the blood pressure. If the MAP is not at 30 mmHg, infuse or withdraw blood slowly until the correct level is reached. Make adjustments throughout ischemia to maintain this level. Keep the blood at 37˚C to avoid cooling before it can be re-infused.
4.7.1. SCREEN: Ischemia.ai [Video Editor: Highlight the arrow pointing to MAP 30mmHg]
4.7.2. CU: Talent infuses or withdraws blood to achieve the desired blood pressure
4.7.3. CU: Shot of the blood pressure reading at the correct level
4.7.4. INSERT 4.4.3. MED Talent places blood at 37C-HERE

4.8. At the end of the 8 minute ischemic period, retrieve the warm blood withdrawn earlier for reperfusion.  Remove the hemostatic clips and re-infuse the blood slowly, at about 2 ml per minute. 

4.8.1. MED: Talent retrieves reserved blood

4.8.2. CU: Talent removes clips

4.8.3. CU: Talent reinfuses blood
4.8.4. SCREEN: Ischemia.ai [Video Editor: highlight the arrow pointing to Blood Reinfusion]
4.9. When the blood has been reintroduced, remove the cannula from the femoral artery and secure two separate knots proximal to the incision on the artery. 

4.9.1. CU: Talent removes cannula

4.9.2. CU: Talent ties two knots
4.10.  Suture the incisions with a discontinuous pattern using an inverse cutting needle, with 5-0 VICRYL suture. 

4.10.1. CU: Talent sutures incision closed

4.11. When the wound is closed, turn off the isoflurane to wean the rat off the ventilator and administer an analgesic.
4.11.1. MED: Talent turns off isoflurane

4.11.2. MED: Talent administers analgesic. Text Overlay (0.5 mg/kg butorphanol in 5 ml saline, s.c.)

4.12. When voluntary respiration returns, extubate the animal and place in a heated recovery cage.  Monitor the animal for signs of distress until fully recovered.
4.12.1. MED: Talent extubates animal

4.12.2. MED: Talent puts animal in heated cage

4.12.3. CU: shot of animal recovering
5. Sample collection and analysis

5.1. At the desired time point after ischemia, fix the brain in 4% paraformaldehyde after transcardial perfusion. 
5.1.1. CU: Shot of brain in fixative
5.2. The brain sample is later sliced into sections and stained with Cresyl violet
5.2.1. MED: Shot of talent at cryostat OR LAB MEDIA (to be provided): brain sections stained with cresyl violet 
5.3. ImageJ, a free program offered by the National Institute of Health, is used to quantify the viable neurons, which represent the extent of brain damage.
5.3.1. MED: Talent sits down at computer and loads Image J
5.4. First, open the image with the ‘cell counter’ plug-in. Next, select a marking color and count the neurons within the boundaries of the scale bar. 
5.4.1. SCREEN: Talent opens image with “cell counter”
5.4.2. SCREEN: Talent selects marking color and counts neurons
5.5. Neurons are counted based on simple inclusion criteria for neuronal morphology, that is, a large, pyramidal shape; or exclusion criteria for microglial/astrocyte morphology or small round or long, tubular shapes.
5.5.1. SCREEN: Talents points to a neuron with a large pyramidal shape
5.5.2. SCREEN: Talent points to microgial/astrocytes
5.6. After recording the neuron counts, save the cell counter window. The mean of all images from each animal will provide a single mean “neuron count”, which is the quantitative measure of CA1 hippocampal damage.
5.6.1. SCREEN: Talents records the count and saves the window
5.6.2. SCREEN: Talent combines data to get the mean “neuron count” 
6. Results: Neuronal changes after ischemia

6.1. This example shows the injury produced by 8 minutes of global brain ischemia followed by 14 days of reperfusion (6.1.1). Here, the hippocampus from a sham-operated rat exhibits normal morphology, including an intact CA1 (6.1.2).  In contrast, damage is localized to the CA1 region of the hippocampus in rats with ischemia and reperfusion (6.1.3).

6.1.1. Lab media: GBI Damage.ai, just the top half containing panel A and B

6.1.2. Lab media: GBI Damage.ai, focus on panel A

6.1.3. Lab Media: GBI Damage.ai, focus on panel B

6.2. Shown here are representative counting windows in a sham-operated control animal and an animal exposed to global brain ischemia (6.2.1).  The injured CA1 displays a staining that includes microglia and astrocytes, which appear small and tubular or teardrop shaped (6.2.2). These can be distinguished from intact hippocampal neurons which are large, with a circular or pyramidal shape (6.2.3).
6.2.1. Lab media: GBI Damage.ai, focused on panel C

6.2.2. Lab media: GBI Damage.ai, panel C, focus on bottom image (I/R)
6.2.3. Lab media: GBI Damage.ai, panel C, focus on top image (control)

6.3. Finally, this data demonstrates that the neuronal counts are much lower in the CA1 region of ischemic animals compared to control.

6.3.1. Lab media: GBI Damage.ai , panel D
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

7. 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. You may revise the given prompts if necessary to better fit your protocol.
7.1. Joe Wider: After watching this video, you should have an understanding of how to create transient global brain ischemia in the rat and how to quantify the associated injury. Success requires delicate surgical skills, strict maintenance of anesthesia, hemodynamics and other physiological parameters. 
7.2. Thomas Sanderson: After its development, this technique paved the way for researchers to explore the cerebral events that occur following global brain ischemia in patients suffering cardiac arrest followed by resuscitation.

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, 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.

Timeline.ai-show before 4.1

GBI Damage.ai-show before 6.1

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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