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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 protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Zeiss OPMI pico with f170 foldable tube and f250 lens

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? 

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length

Number of Steps:  26
Number of Shots:  65 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Jesper Peter Bömers: This model of subarachnoid hemorrhage helps us better understand the pathophysiological mechanisms and their consequences. This will, hopefully, result in generating therapies reducing the burden of disease in afflicted patients.
1.1.1. [bookmark: _Hlk68622000][bookmark: _Hlk68691097][bookmark: _Hlk70431861]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

1.2. Jesper Peter Bömers: The main advantage of this technique is, it is highly reproducible, as a fixed amount of blood is injected. Furthermore, it resembles a human subarachnoid hemorrhage in key parameters.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 4.7.2

Ethics Title Card
1.3. Procedures involving animal subjects are in accordance with the European Union’s Directive 2010/63/EU regarding the protection of animals used for scientific purposes and have been approved by the Danish Animal Experiments Inspectorate

Protocol
2. Intracerebral Pressure (ICP) Probe Preparation and Placement
2.1. To make the ICP (I-C-P) probe, burn one end of a 20-millimeter piece of polythene tubing, making a circular plate and keeping the lumen open [1-TXT]. Then, slip a 1-millimeter silicone tubing ring over the polythene tubing [2] before connecting a 10- millimeter piece of silicone tubing to the end of the polythene tubing [3]. 
2.1.1. WIDE: Establishing shot of talent burning one end of the tubing. TEXT: See text for all tubing diameters
2.1.2. Talent slipping a 1-mm silicone tubing ring over the polythene tubing. 
2.1.3. Talent connecting 10 mm of silicone tubing to the polythene tubing.

2.2. Next, anesthetize, intubate, and catheterize a Sprague-Dawley rat before placing it in a stereotaxic frame [1-TXT]. Following administration of local anesthesia, make an 8-millimeter skin incision caudally from the needle puncture in the midline [2].
2.2.1. Shot of anesthetized rat in the stereotaxic frame with the respirator and tail catheter clearly visible. TEXT: See text for full intubation and catheter insertion details
2.2.2. Talent making an incision from the needle puncture. 

2.3. Under a dissecting microscope, dissect all the muscles bluntly in layers to identify the atlantooccipital membrane [1], then use the Alm retractor to restrain the neck musculature, placing the retractor caudally if needed [2].
2.3.1. SCOPE: Muscles being dissected/talent pointing to the atlantooccipital membrane. Authors: Please point to the atlantooccipital membrane using forceps or any such similar item. 
2.3.2. SCOPE: Neck musculature being restrained with the Alm retractor.

2.4. After checking that the sterile ICP-probe is connected to the ICP transducer [1], flush the ICP probe with saline, making sure that there are no air bubbles in the probe [2].
2.4.1. Talent checking the connection between the ICP probe and transducer.
2.4.2. Talent flushing the ICP probe with saline.

2.5. [bookmark: _Hlk70434378]Using a 23-gauge needle, incise the atlantooccipital membrane, making a hole [1] to gently coax the ICP probe through the membrane [2]. Videographer: This step is important!
2.5.1. SCOPE: Talent incising the atlantooccipital membrane/making a hole through the membrane.
2.5.2. SCOPE: Talent coaxing the probe through the membrane.

2.6. Pull the probe lightly [1] and ensure that it shows a pulsating curve ranging between 0 to 5 millimeters of Mercury [2]. If not, remove the probe [3], recheck the connection to the transducer [4], and confirm the flow through the lumen [5]. Videographer: This step is important!
2.6.1. Talent pulling the probe lightly.
2.6.2. Shot of pulsating curve ranging between 0 to 5mmHg.
2.6.3. SCOPE: Talent removing the probe.
2.6.4. Shot of connection between the probe and transducer.
2.6.5. Talent checking flow through the lumen.

2.7. In the area where the atlantooccipital membrane wraps around the probe, apply two drops of tissue glue [1]. Then, move the 1-millimeter silicone tubing forward toward the membrane [2] before applying additional glue to minimize the risk of ICP-probe displacement [3]. 
2.7.1. SCOPE: Talent applying tissue glue. 
2.7.2. SCOPE: Talent moving the 1-millimeter silicone tubing forward toward the membrane.
2.7.3. SCOPE: Talent applying additional glue to fix the ICP probe to the membrane.

2.8. Once the ICP probe is glued, remove the retractor [1] and use a non-resorbable monofilament 4-0 (four-oh) suture to place one horizontal mattress suture at the cephalic end of the incision [2] and one simple interrupted suture at the caudal end [3].
2.8.1. Talent removing the retractor.
2.8.2. Talent placing a horizontal mattress suture at the cephalic end of the incision.
2.8.3. Talent placing a simple interrupted suture to the caudal end.
3. Placement of the Needle and the Laser-Doppler Probe
3.1. To place the Laser-Doppler probe, make a 15-millimeter incision caudally in the midline just anterior to the eyes [1]. After removing the connective tissue and the muscles with forceps [2], use the end of a sterile cotton swab as a rougine to identify the bregma and the coronal sutures [3].
3.1.1. Talent making an incision in the midline just anterior to the eyes.
3.1.2. Talent removing the connective tissue and the muscles with forceps.
3.1.3. SCOPE: Talent using the cotton swab to identify the bregma and the coronal sutures. Authors: Please point to the bregma and the coronal sutures

3.2. After placing the Alm retractor [1], place a 25-gauge spinal needle in the stereotaxic frame, exactly on the bregma [2], and note the position [3]. Videographer: This step is important!
3.2.1. Talent placing the Alm retractor.
3.2.2. SCOPE: Talent placing a 25-gauge spinal needle in the stereotaxic frame, exactly on the bregma.
3.2.3. Talent noting the position.

3.3. Next, remove the needle from the bregma [1], move the frame anteriorly by 65 millimeters [2], then replace the needle in the midline to mark the site of drilling [3]. Videographer: This step is important!
3.3.1. Talent removing the needle.
3.3.2. Talent moving the frame by 65 mm.
3.3.3. SCOPE: Talent replacing the needle in the midline.

3.4. Drill until the dura mater is identified below the bone [1]. Using straight forceps, gently remove the bone fragments [2], then fill the cavity with bone wax [3].
3.4.1. SCOPE: Hole being drilled. 
3.4.2. SCOPE: Talent removing bone fragments.
3.4.3. SCOPE: Talent filling the cavity with bone wax.

3.5. Next, 3 to 4 millimeters lateral to the right of the bregma and just anterior to the coronal suture for the Laser-Doppler [1], drill another hole, taking care not to penetrate the dura mater [2].
3.5.1. Talent moving the frame to the second drilling site.
3.5.2. SCOPE: Second hole being drilled.

3.6. Look for the vessels where the Laser-Doppler can measure the blood flow [1]. Place the laser-doppler [2] and check the values. A minimum value of 100 flux units is required [3]. 
3.6.1. SCOPE: Talent pointing at the vessels where the laser-doppler can measure the blood flow. 
3.6.2. SCOPE: Talent placing the laser doppler.
3.6.3. Shot of the >100 FU reading.

3.7. If the values remain acceptable after removing the microscope, add one drop of glue to fix the probe [1]. Recheck to confirm whether the value is above 80 flux units [2-TXT]. 
3.7.1. SCOPE: Talent adding glue and fixing the probe. 
3.7.2. Talent checking doppler reading/shot of reading. TEXT: If <80 FU, remove and reposition the probe to reach >80 FU

4. [bookmark: _Hlk71128689]Induction of Subarachnoid Hemorrhage
4.1. To induce subarachnoid hemorrhage, insert the needle gently through the skull in the midline between the hemispheres until resistance is felt due to the base of the skull [1]. Retract the needle by 1 millimeter to ensure correct placement just anteriorly to the optic chiasm [2]. Videographer: This step is important!
4.1.1. SCOPE: Talent inserting the needle gently through the skull.
4.1.2. SCOPE: Talent retracting the needle.

4.2. To ensure the most homogenous result when injecting the blood, turn the needle clockwise by 90 degrees such that the needle tip points to the right [1], then remove the stiletto [2].
4.2.1. Talent turning the needle clockwise by 90 degrees.
4.2.2. Talent removing the stiletto.

4.3. After a 15-minute equilibration, adjust the level of anesthesia to obtain a mean arterial blood pressure in the range 80 to 100 millimeters of Mercury [1]. 
4.3.1. Shot of the blood pressure reading. 

4.4. Then, perform a blood gas analysis to confirm that the pH, partial pressure of carbon dioxide and partial pressure of oxygen are within physiological parameters [1-TXT]. 
4.4.1. Shot of the blood gas analyzer screen showing the results of the blood gas analysis. TEXT: See text for details on performing the blood gas analysis
Video Editor: Emphasize the pH, pCO2 and pO2 values when mentioned in the VO.

4.5. Next, using a 1-milliliter syringe with a blunt 23-gauge needle, withdraw 500 microliters of blood from the tail catheter [1]. To avoid injection of air, fill the dead space of the spinal needle chamber with blood [2]. 
4.5.1. Talent withdrawing 500 µL of blood.
4.5.2. Talent filling the dead space of the spinal needle chamber with blood.

4.6. After adjusting the volume of the blood in the syringe to 300 microliters [1], connect the syringe to the spinal needle [2]. Then, grasping firmly around the syringe, inject the blood manually to surpass mean arterial pressure [3]. Videographer: This step is important!
4.6.1. Talent adjusting the volume of the blood in the syringe to 300 µL.
4.6.2. Talent connecting the syringe to the spinal needle.
4.6.3. Talent injecting the blood manually.

4.7. Observe a steep rise in the intracerebral pressure and a concurrent steep fall in the cerebral blood flow [1].
4.7.1. [bookmark: _Hlk70433720]SCREEN: ICP and CBF reading. Videographer: Please film the laptop screen for this shot. Video Editor: Emphasize the rise in ICP and fall in CBF when mentioned in the VO.

5. Recovery and Awakening
5.1. Thirty minutes after the induction of subarachnoid hemorrhage, remove the needle [1] and the Laser-Doppler probe [2] and fill the cavities with bone wax [3]. Using non-resorbable monofilament 4-0 suture, close the incision with two horizontal mattress sutures [4].
5.1.1. WIDE: Talent removing the needle.
5.1.2. SCOPE: Talent removing the Laser-Doppler probe.
5.1.3. SCOPE: Talent filling the cavities with bone wax.
5.1.4. Talent closing the incision.

5.2. To use the ICP probe for injections into the cisterna magna, remove the silicone tubing [1] and insert a pinpoint adapter to the polythene tubing [2].
5.2.1. Talent removing the silicone tubing.
5.2.2. Talent inserting a pinpoint adapter to the polythene tubing.

5.3. To perform an intrathecal administration while the animal is awake, place a pinport injector on a precision syringe [1], then administer the treatment through the pinport adapter [2]. 
5.3.1. Talent placing a pinport injector on a precision syringe. 
5.3.2. Talent administering the treatment through the adapter.

5.4. If intrathecal administrations do not have to be performed, cut the simple, interrupted suture [1]. Then using scissors, shorten the ICP probe as much as possible [2] and glue the end to prevent cerebrospinal fluid leakage [3]. Close the incision with a non-absorbable monofilament 4-0 suture [4].
5.4.1. Talent cutting the simple, interrupted suture.
5.4.2. SCOPE: Talent shortening the ICP probe.
5.4.3. SCOPE: Talent gluing the end of the probe.
5.4.4. Talent closing the incision.



Results
6. Results: Sensorimotor Function and Contractile Sensitivity Following Subarachnoid Hemorrhage
6.1. In the evaluation of gross sensorimotor function using the rotating pole test [1], rats with experimentally induced subarachnoid hemorrhage performed significantly worse 24 [2] and 48 hours [3] after the surgery compared to sham animals [4].
6.1.1. LAB MEDIA: Figure 1.
6.1.2. [bookmark: _Hlk68693034][bookmark: _Hlk68098449]LAB MEDIA: Figure 1. Video Editor: Emphasize the solid and hollow red circles at 24 hours on the 3 and 10 rpm graphs.
6.1.3. LAB MEDIA: Figure 1. Video Editor: Emphasize the solid and hollow red circles at 48 hours on the 3 and 10 rpm graphs
6.1.4. LAB MEDIA: Figure 1. Video Editor: Emphasize all solid and hollow black squares (24 and 48 hour time-points) on the 3 and 10 rpm graphs.

6.2. [bookmark: _Hlk71140266]Sensitivity to endothelin 1, an agonist for the endothelin-1 receptor family [1], significantly increased 2 days after subarachnoid hemorrhage in the basilar [2] and the middle cerebral arteries [3] of the experimental rats [4] compared to those of the sham controls [5].
6.2.1. LAB MEDIA: Figure 2A, 2B.
6.2.2. LAB MEDIA: Figure 2A, 2B. Video Editor: Emphasize Figure 2A
6.2.3. LAB MEDIA: Figure 2A, 2B. Video Editor: Emphasize Figure 2B
6.2.4. LAB MEDIA: Figure 2A, 2B. Video Editor: Emphasize all red curves in both figures
6.2.5. LAB MEDIA: Figure 2A, 2B. Video Editor: Emphasize all black curves in both figures

6.3. Both arteries of the experimental rats [1] also exhibited a similar increase in sensitivity to 5-carboxamidotryptamine, an agonist for the 5-hydroxytryptamine-receptor family [2].
6.3.1. LAB MEDIA: Figure 2C, 2D.
6.3.2. LAB MEDIA: Figure 2C, 2D. Video Editor: Emphasize all red curves in both figures

Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Jesper Peter Bömers: Following the procedure, neurobehavioral tests as well as tissue analysis, including immunohistochemistry, PCR, Western blotting and ELISA can be performed to analyze consequences and mechanisms. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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