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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Olympus SZ40
[bookmark: Text3]3.4.2-3.9.3
Videographer: Please film the SCOPE shots using the scope kit
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No
4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps:  22
Number of Shots:  51 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Xin Yu:  This protocol describes an MRI-compatible intraventricular cannulation technique that allows in-scanner tracer infusion such that the entire dynamics of CSF tracer transport can be captured.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the research contexts or systems in which this protocol can be applied.
1.2. Junqing Zhu: This MRI-compatible protocol can be applied to studies of CSF dynamics, waste clearance, and glymphatic transport in rodents.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Anbang Chen: This protocol establishes an MRI-compatible intraventricular infusion technique that enables in-scanner tracer delivery and uninterrupted dynamic imaging of CSF transport.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the most important consideration or challenge when performing this protocol.
1.4. Anbang Chen: Key considerations for this protocol include accurate skull leveling and a clog-free, leak-free infusion line to ensure consistent cannula placement and tracer delivery.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Are there any additional methods or analyses that can be performed following this procedure?
1.5. Anbang Chen: This technique can be adapted for chronic implantation to allow repeated tracer delivery in longitudinal studies.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Case Western Reserve University



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shot list.
2. Assembly of the Cannula–Tubing Infusion System
Demonstrator: Junqing Zhu & Anbang Chen 
2.1. To begin, using serrated scissors, cut a 30-millimeter segment of a copper cannula [1] and a 2-meter length of polyethylene tubing [2].
2.1.1. WIDE: Talent using serrated scissors to cut a 30-millimeter segment of a copper cannula and a 2-meter length of polyethylene tubing.
2.1.2. Talent cutting polyethylene tubing.
2.2. Under a microscope, gently flare one end of the polyethylene tubing with a 30-gauge needle [1]. Insert the copper cannula into the expanded end [2] and secure the junction with a cyanoacrylate adhesive [2]. Then, connect the opposite end of the polyethylene tubing to a 30-gauge needle [3].
2.2.1. SCOPE: Talent flaring one end of the tube with a 30-gauge needle.
Videographer: Please film the SCOPE shots using the scope kit
2.2.2. Talent inserting the copper cannula into the expanded end of the polyethylene tubing and securing the junction with a cyanoacrylate adhesive.
2.2.3. Talent connecting the opposite end of the polyethylene tubing to a 30 gauge needle.
2.3. Fill the cannula-tubing assembly with a degassed tracer solution [1] and connect it to a 50-microliter Hamilton syringe [2]. Wrap the syringe tip with polytetrafluoroethylene or PTFE (P-T-F-E) thread-seal tape to prevent leakage [3].
2.3.1. Talent filling the cannula-tubing assembly with a degassed tracer solution.
2.3.2.  Talent connecting the assembly to a 50-microliter Hamilton syringe.
2.3.3. Talent wrapping the syringe tip with a polytetrafluoroethylene thread-seal tape.
2.4. Mount the Hamilton syringe onto the syringe pump [1] and withdraw an additional 30 microliters of the tracer solution into the syringe [2].
2.4.1. Talent mounting the Hamilton syringe onto the syringe pump.
2.4.2. Talent withdraws an additional 30 microliters of the tracer solution into the syringe.

3. Stereotaxic Cannula Implantation

3.1. After anesthetizing the rat, perform the toe pinch reflex to confirm an adequate anesthetic depth [1-TXT].  
3.1.1. Talent performing the toe pinch reflex to confirm an adequate anesthetic depth. TXT: Anesthesia: Ketamine (90 mg/kg) and Xylazine (10 mg/kg)
3.2. Shave the head and neck [1], remove the loose hair [2], and sterilize the exposed skin with 70 percent ethanol pads [3].
3.2.1. Talent shaving the head and neck.
3.2.2. Talent removing the loose hair.
3.2.3. Talent sterilizing the exposed skin with 70 percent ethanol pads.
3.3. Next, secure the rat in a stereotaxic frame [1] and place a heating pad covered with absorbent paper beneath the animal [2]. Then, apply an ophthalmic ointment to both eyes to prevent corneal drying [3].
3.3.1. Talent securing the rat in a stereotaxic frame.
3.3.2. Talent placing a heating pad covered with absorbent paper beneath the animal.
3.3.3. Talent applying an ophthalmic ointment to both eyes.
3.4. Adjust the nose clamp to level the skull [1]. Make a midline incision [2] and retract the skin with four hemostat clips to expose the bregma and lambda [3]. Then, apply 3% hydrogen peroxide to the skull to clear residual periosteum and enhance the visibility of the landmarks [4].
3.4.1. Talent adjusting the nose clamp to level the skull.
3.4.2. SCOPE: Talent making a midline incision and retracting the skin with four hemostat clips to expose the bregma and lambda.
3.4.3. SCOPE: Talent applying 3 percent hydrogen peroxide to the skull.
3.5. Mount the electric drill with a fine drill bit onto the stereotaxic arm [1] and ensure the stereotaxic arm is firmly locked [2].
3.5.1. SCOPE: Talent mounting the electric drill with a fine drill bit onto the stereotaxic arm.
3.5.2. SCOPE: Talent checks if the stereotaxic arm is locked.
3.6. Next, position the drill bit at the bregma [1], move 0.7 millimeters posterior and 1.4 millimeters lateral to the right [2]. Lower the drill bit until it contacts the skull surface [3] and record the dorsoventral coordinate [4].
3.6.1. SCOPE: Talent positioning the drill bit at the bregma.
3.6.2. SCOPE: Talent moving the drill bit 0.7 millimeters posterior and 1.4 millimeters lateral to the right.
3.6.3. SCOPE: Talent lowering the drill bit to the skull surface.
3.6.4. SCOPE: Talent recording the dorsoventral coordinate.
3.7. Under a microscope, advance the drill in 0.1-millimeter increments [1] and stop immediately when the skull is breached [2].
3.7.1. SCOPE: Talent advancing the drill under the microscope in 0.1 millimeter increments.
3.7.2. SCOPE: Talent stops the drill immediately after breaching the skull.
3.8. Then, replace the drill with the pre-loaded cannula on the stereotaxic arm [1]. Advance the infusion pump briefly until the fluid just emerges from the cannula tip to confirm an unobstructed fluid path [2].
3.8.1. SCOPE: Talent replacing the drill with the pre-loaded cannula on the stereotaxic arm.
3.8.2. SCOPE:Talent advancing the infusion pump until the fluid emerges from the cannula tip.
3.9. Ensure the cannula is mounted perpendicular to the skull surface [1], then align it over the burr hole [2]. Advance the cannula at 0.1 millimeters per second to a final target depth of 3.5 millimeters below the dural surface [3].
3.9.1. SCOPE: Shot of the cannula mounted perpendicular to the skull surface.
3.9.2. SCOPE: Talent aligning the cannula over the burr hole.
3.9.3. SCOPE: Talent advancing the cannula to the target depth.
3.10. Apply a drop of tissue adhesive at the cannula-skull interface [1]. Once the adhesive has cured, close the scalp incision with sutures [2]. Gently bend the copper cannula parallel to the skull surface to avoid contact with the MRI coil [3].
3.10.1. Talent applying a drop of a tissue adhesive at the cannula-skull interface.
3.10.2. Talent closing the scalp incision with sutures.
3.10.3. Talent gently bending the copper cannula parallel to the skull surface.

4. Dynamic MRI During Tracer Infusion
4.1. Place the volume transmitter coil at the isocenter of the scanner [1].
4.1.1. Talent exhibiting the volume transmitter coil outside the scanner for demo.
4.2. Transfer the animal to an MRI-compatible cradle in the prone position [1]. Connect the physiological monitoring system, including the respiratory sensor and the rectal temperature probe [2]. Turn on the circulating warm water bath to maintain the body temperature at approximately 37 degrees Celsius [3].
4.2.1. Talent transferring the animal to a magnetic resonance imaging-compatible cradle in the prone position.
4.2.2. Talent connecting the respiratory sensor and the rectal temperature probe to the physiological monitoring system.
4.2.3. Talent turning on the circulating warm water bath.
4.3. Administer isoflurane via a nose cone during scanning session [1], adjusting the concentration between 0.25% and 1.0% to maintain a respiratory rate of 50 to 70 breaths per minute [2].
4.3.1. Talent positioning the nose cone to deliver supplemental isoflurane.
4.3.2. Talent adjusting the isoflurane concentration during the scanning session.
4.4. Place the infusion pump outside the magnet fringe field [1]. Set the infusion rate to 1 microliter per minute and the infusion duration to 20 minutes, corresponding to a total infusion volume of 20 microliters [2]. Carefully arrange and secure the infusion line along the cradle to prevent tension and displacement [3].
4.4.1. Talent placing the infusion pump outside the magnet fringe field.
4.4.2. Talent setting the infusion parameters.
4.4.3. Talent arranging and securing the infusion line along the cradle.
4.5. Mount the surface array coil directly over the dorsal skull, centered on the brain [1]. Place a small piece of absorbent paper between the coil and the incision site to absorb any wound seepage [2].
4.5.1. Talent mounting the surface array coil directly over the dorsal skull.
4.5.2. Talent placing a small piece of absorbent paper between the coil and the incision site.
4.6. Advance the cradle into the magnet until the brain is at the isocenter [1]. Verify that the infusion line and the physiological monitoring leads remain unobstructed [2].
4.6.1. Talent advancing the cradle into the magnet until the brain reaches the isocenter.
4.6.2. Talent checking that the infusion line and the physiological monitoring leads remain unobstructed.
4.7. Perform the initial scanner setup [1] and acquire anatomical images to confirm successful cannula placement [2].
4.7.1. Talent performing the initial scanner setup.
4.7.2. Talent acquiring anatomical images.
4.8. After acquiring baseline images, simultaneously start the infusion pump and dynamic scan, and continue image acquisition for 3 hours [1].
4.8.1. Talent starts the infusion pump and the dynamic scan simultaneously



Results

5. Results 

5.1. Successful intraventricular cannulation was confirmed by direct visualization of the cannula tip within the ventricular lumen in the sagittal view [1] and the axial view [2].
5.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the red arrow 
5.1.2. LAB MEDIA: Figure 2B. Video editor: Highlight the red arrow 
5.2. By the end of the 20-minute infusion, enhancement was apparent within the infused lateral ventricle, the third and fourth ventricles, the cisterna magna, and the parenchyma surrounding the ipsilateral lateral ventricle [1].
5.2.1. LAB MEDIA: Figure 2D. Video editor: Highlight the bright signal in the 20-minute images.
5.3. Across intrathecal compartments, T1 decreased rapidly during infusion, propagating from the ipsilateral lateral ventricle [1] to the third and fourth ventricles [2], with the cisterna magna showing a slight delay in the onset of T1 shortening [3].
5.3.1. LAB MEDIA: Figure 3B. Video editor: Highlight the line labeled 'LV'.
5.3.2. LAB MEDIA: Figure 3B. Video editor: Highlight the lines labeled 'V3' and 'V4'.
5.3.3. LAB MEDIA: Figure 3B. Video editor: Highlight the line labeled 'CM'.
5.4. Periventricular regions showed earlier and more pronounced T1 reduction [1], whereas more distal regions showed delayed and reduced T1 reduction [2].
5.4.1. LAB MEDIA: Figure 3C. Video editor: Highlight the filled-marker line labeled 'V4 Proximal' and the filled-marker line labeled 'LV Proximal'.
5.4.2. LAB MEDIA: Figure 3C. Video editor: Highlight the open-marker line labeled 'V4 Distal' and the open-marker line labeled 'LV Distal'.
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