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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes.

Can you record movies/images using your own microscope camera? (Y/N) Yes.

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No.

C.  Location: Will the filming need to take place in multiple locations? (Y/N) No.

D. Surgery: Does your protocol involve a surgery that during which there will be very little opportunity for our videographer to pause the action so that we can briefly introduce cue cards?  (Y/N) Yes.
E.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video?  2.6, 2.8, 2.9, 3.4, 4.4 
F,  What is the single most difficult aspect of this procedure and what do you do to ensure success?

The most difficult aspect of the protocol is to puncture the dura membrane covering the cisterna magna at the right point, with the right amount of pressure. A bit of pressure has to be applied to successfully access the cisterna magna without damaging the medulla or the cerebellum. Training in practice animals is highly recommended. 

1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this surgical procedure is to enable direct delivery of tracers, substrates and signaling molecules into the cerebrospinal fluid. (Intro)
B.  Introduction Interview (said by you on camera – don’t forget to smile!)
1.1. Anna Xavier: This method can help answer key questions in the neuroscience field related to CSF and ISF fluid dynamics in the brain. 
1.2. Anna Xavier: This technique provides a minimally invasive method to deliver tracers, substrates and signaling molecules into the cerebrospinal fluid compartment, without operative damage to the skull or the brain parenchyma.   

1.3. Qianliang Li: The implications of this technique extend towards neurological diseases, because it allows the evaluation CSF/ISF fluxes in the brain as well as for the clearance of metabolites and toxic proteins from the brain parenchyma.  

1.4. Stephanie von Holstein-Rathlou: Though this method can provide insight into CSF/ISF fluxes dynamics, it can also be applied as a conduit for fast, brain-wide delivery of signaling molecules and metabolic substrates that could not otherwise cross the blood brain barrier.

Ethics title card: (for human subjects or animal work, does not count toward word length total)
Procedures involving animal subjects have been approved by the Animal Experiments Council under the Danish Ministry of Environment and Food (2015-15-0201-00535), in accordance with the European directive 2010/63/EU for

1.5. animal research.
Protocol: (read by voice talent at JoVE)

(Editor: The authors made several changes and did not adhere to JoVE post-shoot note guidelines. So, the changes they wanted were frequently unclear. I’ve attempted to interpret them as best I can, but I’m not sure how much of this will relate accurately to the footage. Also, almost all of section 4 was newly added but new VO lines were not provided. I’ve put together narration based on the steps, but I’m not sure if this will match up to the shots or if the authors will request additional changes.)
2. Preparation and Insertion of the Cannula into the Cisterna Magna 
2.1. To prepare the cannula, [1.WID] break off the beveled metal tip of a 30-Gauge dental needle using a needle holder. [2.CU] Then, insert the beveled metal tip into a 30-cm length of PE10 tubing filled with aCSF. [3.ECU]
2.1.1. Establishing shot
2.1.2. Breaking off the metal tip of the dental needle
2.1.3. Inserting the metal tip of the dental needle into tubing. loaded with solution, TEXT: artificial cerebral-spinal fluid (aCSF)
2.2. Next, use a 1 mL syringe fitted with a 30-Gauge needle [1.CU-TXT] to flush the cannula with artificial cerebral-spinal fluid.  The cannula is then ready for use in the surgery. [2.CU]
2.2.1. Attaching the syringe/needle to the other end of the tubing. TEXT: aCSF: Artificial cerebral-spinal fluid (Editor: The author earmarked this with 2.1.4 – I’m not sure if it was mis-slated)
2.2.2. Flushing out the cannula, show solution pouring out of cannula tip
2.3. After anesthetizing the mouse, check for a lack of peddle reflex with a toe pinch [1.CU MED] and wait for the animal’s respiration to become slow and steady. [2.ECU]  Then, position the animal over a heating pad under a stereotaxic frame. [3.CU]
2.3.1. Performing toe pinch Placing mouse on heating pad, placed on the stereotaxic frame
2.3.2. Slow/steady raising and lowering of mouse’s chest

2.3.3. Placing mouse on heating pad, at frame Performing toe pinch
2.4. Next, shave the head and neck. Then, wipe away the fur and sterilize the exposed skin.  [1.ECU] First scrub the skin with alcohol, [2.MED] then make two applications of 0.5% chlorhexidine or 2% iodine solution. [3.CU]
2.4.1. Finishing shaving of head and wiping away fur
2.4.2. Moistening scrubber with alcohol and scrubbing exposed scalp

2.4.3. As above, but scrubbing with chlorohexidine or iodine
2.5. For chronic cannulations, also administer analgesics at the cannulation site.  [1.MED-TXT] 
2.5.1. Loading syringe with lidocaine and making injection, TEXT: 1 mg lidocaine + 0.25 mg bupivacaine (This was what was recorded. For acute injection of CSF tracers, animals are anesthetized with a mixture of ketamine and xylazine and the procedure is exact as it follows in the next sections, only omitting carprofen administration, since it is a non-recovery surgery.)
2.6. Now, fix the mouse in the stereotaxic frame making use of either the intraural arch or the zygomatic arch. [1.MED] Then, tilt the head slightly so that it forms an angle of 120° to the body. [2.CU]
2.6.1. Securing the mouse to the frame using the zygomatic arch
2.6.2. Adjusting the tile on the head, show the obtained 120º angle between head and torso (from a side angle perpendicular with floor)
2.7. Next, apply ophthalmic ointment and reapply it as needed during the surgery. [1.CU]
2.7.1. Preparing swab with ointment and applying to mouse’s eyes
2.8. Now, where part of the skull that protrudes above the neck muscles, the occipital crest, lift the overlying skin. [1.ECU] Then, cut out a 1-cm, almond-shaped section of skin approximately along the midline. [2.ECU]
2.8.1. Palpating for the occipital crest and lifting the skin above it [Shots 2.8.1 and 2.8.2 combined]
2.8.2. Making the cut in the lifted skin and letting the skin flatten, showing hole in skin 
2.9. Then, using the occipital crest as a reference point, pull apart the superficial connective tissue to expose the neck muscles below.  As needed, use cotton swabs or eye spears to control any bleeding. [1.ECU/SCOPE(LM)]
2.9.1. Dissecting to expose neck muscles, cleaning bleeding as needed – this may be a good time to switch to the scope view depending on your camera’s capabilities, the scope footage can be provided by the lab
2.10. To proceed, separate the muscles at the midline by carefully running the tweezers down the middle of the incision site in the anterior-to-posterior axis. [1.SCOPE(LM)]
2.10.1. Scope view, separating midline musculature
2.11. Then, with a pair of curved forceps in each hand, join the tips in the middle near the bottom of the skull and pull the muscles aside to expose the CM.  The CM looks like a tiny inverted triangle, outlined by the cerebellum above and medulla below.  [1.SCOPE(LM)]
2.11.1. Accessing and identifying the CM, TEXT: cisterna magna (CM)
2.12. Using a surgical eye spear or cotton swab, wipe the dural membrane covering the CM. [1.SCOPE(LM)]
2.12.1. Wiping the dural membrane off the CM and applying a cotton swab with 10% iron chloride (ferric chloride) solution 
3. Insertion of the Cannula into the Cisterna Magna
(Editors: The authors removed the first two steps, but then renumbered the remaining steps in a way that doesn’t fit out guidelines. I’ve removed their renumbering to maintain the original shotlist numbering – but be aware that this may not match the shots.  The authors had numbered 3.3 as 3.1, and continued from there)
3.1. To proceed with the surgery, [1.WID] remove the cannula from the aCSF-filled syringe, keeping the 30-Gauge needle attached. [2.CU] Then, attach the needle to a 100-μL syringe filled with distilled water and connect it to a syringe pump. [3.CU]
3.1.1. Establishing shot
3.1.2. Removing the cannula from the syringe, leaving needle attached
3.1.3. Attaching needle to syringe connected to pump
3.2. Using the pump, withdraw enough air to create a 1-cm bubble in the cannula. [1.ECU] Then, dip the needle into the CSF tracer solution [2.CU] and withdraw 12 mL into the cannula. [3.ECU]
3.2.1. Withdrawing air into the cannula, show bubble moving into cannula
3.2.2. Dipping needle into tracer solution
3.2.3. Drawing 12-mL of tracer solution into cannula, show bubble moving (division point)

3.3. Next, with curved tweezers in the dominant hand, grasp the cannula near the tube-covered needle. [1.MED] Then, place the middle finger of the other hand on the ear bar [2.CU] to create a stable rest for the cannula. [3.CU]
3.3.1. Gripping the cannula near the needle and lifting it into position
3.3.2. Steadying finger on ear bar
3.3.3. Setting the cannula onto the finger
3.4. Now, at the center of the CM, puncture the dura at 45° relative to the mouse head. Only insert the needle to where the bevel is under the dura to avoid penetrating into the cerebellum or medulla.  [1.SCOPE(LM)-TXT]
3.4.1. Puncturing the CM and inserting the needle as described, TEXT: 1 – 2 mm deep
3.5. If necessary, clean off any leaked CSF with a spear or swab.  Then, apply a few drops of cyanoacrylate onto the dural membrane surrounding the cannula and add a drop of glue accelerator to cure the glue immediately. [1.SCOPE(LM)]
3.5.1. Swabbing fluid, if needed, and applying glue around cannula, then applying accelerator to dry glue
3.6. Next, cover the skull and needle with a combination of about 0.5 mg of dental cement and three to five drops of cyanoacrylate glue – mix these compounds as they are added. Then, quickly apply a drop of glue accelerator to cure. [1.ECU]
3.6.1. Pull back to an ECU now, adding cement and glue to the skull, mixing it as it is applied and then adding glue accelerator – the main focus is on how cement and glue are layered and mixed (Editor: I’m not sure if this shot was filmed as written, since the two shots added below seem to be of individual actions. If this shot was filmed as written and looks good, feel free to just use this for all of 3.6. If it was not filmed as written, or if 3.6.2 and 3.6.3 look better for the actions described – which are hopefully clear in the shots – then use them however looks best)
3.6.2. [Added Shot]: Application of dental cement mixed with cyanoacrylate glue
3.6.3. [Added Shot]: Application of glue accelerator 
3.7. For chronic cannulation, cut the tubing down to 2 or 3 cm [1.ECU] and seal it with a surgical weld to retain the intracranial pressure levels.  [2.ECU] Then, administer carprofen.  [3.CU-TXT]
3.7.1. Trimming the tubing, show remaining length on animal

3.7.2. Applying a surgical weld 
3.7.3. Injecting carprofen, clearly show the location of injection, TEXT: 5 mg cap / kg, s.c.  
3.8. Now, house the mouse alone and keep the cage over a heating pad [1.MED] until the mouse has regained sternal recumbancy. [2.CU]
3.8.1. Mouse is placed in cage, heating pad visible below
3.8.2. Mouse is starting to walk around in cage, heating pad gets removed
4. Injecting CSF Tracers in Mice with Acute Cisterna Magna Cannulation
4.1. To begin, cut approximately 30 cm of PE-10 tubing. Fill it with aCSF [4.1.1]. Then, insert the tip of a new dental needle into the tubing [4.1.3].
4.1.1. Cutting approximately 30 cm of PE-10 tubing and filling it with aCSF
4.1.2. Break of a new the tip of a dental needle 
4.1.3. Attaching the new the tip of a dental needle into PE-10 tubbing 
4.2. Using a 30 Gauge needle, flush the tubing [4.2.1-TXT]. Attach the 30 Gauge needle, through the 30 Gauge needle to a 100-μL syringe filled with distilled water, and then attach this to a syringe pump [4.2.2].
4.2.1. Flushing the tube with aCSF and leaving a 30 Gauge needle used to flush it attached TEXT: Leave the needle attached after flushing
4.2.2.  Attaching the aCSF filled tube by the 30 Gauge needle to a 100-μL syringe filled with distilled water and connect it to a syringe pump
4.3. Using the pump, withdraw enough air to create a 1-cm bubble in the cannula. [1.ECU] Then, dip the needle into the CSF tracer solution [2.CU] and withdraw 12 mL into the cannula. [3.ECU]
4.3.1. Withdrawing air into the cannula, show bubble moving into cannula (Editor: This shot may have been eliminated. The authors were not clear on this)
4.1.7. Dipping needle into tracer solution
4.3.2. Withdrawing 12-μL of tracer solution into cannula, show bubble moving (division point). (Author Comment: Acute injection was not performed, but it can be referred at this point that for injections in animals with acute cannulation, under ketamine/xylaxine anesthesia, injection of the CSF tracer at 1μ/min can be performed from this point.)
5. Injecting CSF Tracers in Anesthetized Mice with Chronic Cisterna Magna Cannulation

5.1. To inject CSF tracers into the CM of anesthetized animals, [1.WID] use a syringe pump to deliver tracers at 1 L per minute for 5 to 10 minutes. [2.MED] Then, allow the tracers to circulate for 30 minutes without moving the cannula. [3.CU-TXT]
5.1.1. Establishing shot, talent with Placing the mouse in surgery on frame the heating pad
5.1.2. Talent dials up the pump rate needed and starts the syringe pump Cutting open the cannula tubing and connecting it to the CSF tracer filled tubing
5.1.3. Start of the infusion. View of the surgical setup while tracers are being delivered via cannula, talent can start a 30 minute timer somewhere in frame, TEXT: 30 min 
5.2. After 30 minutes, cut the tubing down to about 4 cm from the needle tip [1.CU] and seal the end of the cannula using a surgical weld. [2.ECU] Then proceed with collecting the brain and fixing it.  [3.MED-TXT]
5.2.1. Trimming tubing down to about 4-cm
5.2.2. Placing weld at end of cannula
5.2.3. The next action typically performed pre-euthanasia, such as removing mouse from the frame, TEXT: See the text protocol for details.
6. Injecting CSF Tracers in Awake mice with Chronic Cisterna Magna Cannulation
6.1.  [1.CU] [2.MED-TXT] 
6.1.1. The alert animal with implanted cannula, moving around in home cage
6.1.2. Loading a cannula with CSF tracers, TEXT: 30 cm PE10 + 0.5 cm beveled dental needle  
6.2. Gently restrain the animal [1.CU] and cut off approximately 1 cm of the tubing from the implanted cannula. [2.ECU] Then, quickly connect the two cannulas with the aid of a fine forceps and a pair of curved tweezers. [3.ECU]
6.2.1. Detail of restraining the animal

6.2.2. Cutting off tip of implanted cannula on animal
6.2.3. Connecting the cannulas, the one loaded with fluid and the implanted one
6.3. Now, injection 1 μL of tracer per minute over 7 to 12 minutes, using a syringe pump. 
6.3.1. Setting up the syringe in the syringe pump and starting it
6.3.2. Securing the animal while the tracer is being delivered to the animal
6.4. After the injection, let the tracer to circulate for 30 minutes [1.CU-TXT] while taking the necessary measures to ensure that the cannula remains undisturbed and the tubing remains attached. [2.MED-CU]  Then, proceed with harvesting the brain. [3.MED-TXT]
6.4.1. Starting a timer for 30 minutes, TEXT: 30 min

6.4.2. Show how the mouse is secured during the 30 minutes so the cannula does not come loose (Editor: I’m not sure if any shots were filmed to replace these, or if the authors just struck these out by mistake. If 6.4.2 and 6.4.3 were not filmed, I suggest trying to stretch 6.4.1 for the whole narration and then seeing if the authors want to cut the narration entirely.)
6.4.3. First representative action pre-euthanasia for harvesting the brain, TEXT: See the text protocol for details.
7. Results: Analysis of CSF Tracer Distribution
7.1. Mouse brains were injected with CSF tracers into the CM, as described. A macroscopic dorsal view shows the distribution of the tracers in the subarachnoid cisterns of the cerebellopontine region, in the olfactory bulb and in the paravascular space along the middle cerebral arteries.
7.1.1.  Figure 1F – nothing to animate, just remove “F”
7.2. In the ventral portion of the brain, a macroscopic view shows the CSF tracer distribution along the Circle of Willis.
7.2.1. Figure 1G – remove “G”
7.3. Histological sections of CM-injected brains further reveal the paravascular distribution of tracers within the brain parenchyma. Mice injected under anesthesia or while asleep had much more tracer distribution [1.LM] than mice injected while awake and freely moving in their home cage. [2.LM]
7.3.1. Figure 1H – remove “H” and keep the colorful lettering above the image
7.3.2. Figure 1I – remove “I”, add this image alongside of the other (H) for making comparisons
8. Conclusion (said by authors on camera)
8.1. Anna Xavier: After watching this video, you should have a good understanding of how to perform cisterna magna cannulation and deliver chemicals-of-interest into the cerebrospinal fluid compartment, without operative damage to the skull or the brain parenchyma.

8.2. Anna Xavier: Once mastered, this technique can be done in 20-30 minutes if it is performed properly.

8.3. Anna Xavier: While attempting this procedure, it’s important to remember to apply the correct pressure to puncture the dura membrane and to seal the puncture area to avoid disruptions of the intracranial pressure due to CSF leakage.

8.4. Anna Xavier: After its development, this technique paved the way for researchers in the field of neuroscience to explore CSF/ISF clearance, via the so-called glymphatic system, to study animal models for neurological diseases.
Provided Media

Here, please list the filenames for all of the media files (e.g, images, movie files, 3-D rendered animations) that will be included in the video per the editor’s request.  The step in the script/video where these images will be inserted should be specified.  For example:

6.1. Project#_PIname_Figure2a.tif – image of tumor angiogenesis at 40X 
6.1. Project#_PIname_Figure2b.tif – image of tumor angiogenesis at 100X

6.2. Project#_PIname_Figure2c.tif – image of control tissue at 40X
6.2. Project#_PIname_Figure2d.tif – image of control tissue 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.  

Create a listing of 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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