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Title:  Thinned-skull Cortical Window Technique for In vivo Optical Coherence Tomography Imaging
Corresponding Author:  B. Hyle Park
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) ______Yes___ If yes, please list make and model of your microscope: ________Olympus SZX16, Olympus SZ61______________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_________protocol steps 3.3-3.6, 4.3_________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____________Thinning of the skull (protocol steps 3.3-3.6).  Light sweeping motion reduces drill vibration and minimizes risk of subdural hemmorage.__________________
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 of this procedure is to create a thinned-skull cranial window in a mouse model for in vivo optical coherence tomography imaging of the brain. (Intro)
This is accomplished by first anesthetizing the animal, … (P1, needle goes into mouse)
… and preparing it for surgery. (P2, blue blanket and hbc box appear, then betadine swab moves in and makes the orange spot on the mouse’s head. The orange spot should end up larger than shown in P2, it should cover the entire pink area of P3.)
Next, thin the skull is using various dental burrs. (P3, the blue/black burr moves in and the orange area of the skull becomes the pink area)
The final step is to obtain OCT images of the brain in-vivo through the thinned-skull cranial window [TEXT: OCT: optical coherence tomography]. (P4, the burr disappears and the P4 imaging apparatus appears)
Ultimately, brain structural and functional information can be obtained from the resulting OCT images. (P5)
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).   

[image: image1.emf]
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. Devin Binder:  Demonstrating the procedure will be Jenny, a research associate from my laboratory.  
1.1.1. Interview style: Author saying the above 
1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.2. Jenny Szu:  The main advantage of this technique over existing methods, like craniectomy or cover-slipped cranial window, is that thinned skull windows are less invasive and more likely to maintain the biological integrity and viability of the brain.

1.3. Hyle Park:  Demonstrating the procedure will be Melissa and Carissa, graduate students from my laboratory.   

1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

1.4. Melissa Eberle:  The implications of this technique extend toward diagnosis of neurological diseases, because OCT offers high spatial and temporal resolution of the imaged target and provides superior depth penetration compared to confocal and two photon microscopy.  

1.5. Carissa Reynolds:  Generally, individuals new to this method will struggle because it is difficult to create a uniformly thinned skull surface without introducing fractures and subdural bleeding.

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. Surgical preparation
2.1. To begin this procedure, anesthetize a CD 1 mouse between the age of 6-8 weeks with an intraperitoneal injection of a ketamine and xylazine combination (Text overlay:  80 mg/kg ketamine/10 mg/kg xylazine).  Then, place the mouse on a homeothermic pad or blanket to ensure the optimal body temperature at approximately 37 °C during the surgical preparation.  Continuously monitor the level of anesthesia by testing the animal’s reflexes and inject more anesthesia when necessary.
2.1.1. MED-over the shoulder:  Talent gives intraperitoneal injection of a ketamine and xylazine combination to the CD 1 mouse.  Injection.jpg [Text overlay:  80 mg/kg ketamine/10 mg/kg xylazine]
2.1.2. CU:  The mouse as it is placed on a homeothermic pad or blanket.

2.1.3. MED-over the shoulder:  Talent tests animal’s reflexes by pinching its toes.

2.2. Next, lubricate both eyes with the artificial tear ointment.  Remove the hair on the scalp with the clippers.  Then, remove the residual clipped hair with a wetted pad or swab.
2.2.1. MED-over the shoulder:  Talent lubricates both eyes with the artificial tear ointment.

2.2.2. CU:  The mouse as the hair is moved with the clippers. 

2.2.3. CU:  The mouse as the residual clipped hair with a wetted pad or swab.
2.3. After that, apply a thin layer of depilatory cream over the scalp.  After 2 minutes, gently wipe away the cream and the remaining hair using saline moistened cotton swabs and alcohol prep pads.  
2.3.1. MED-over the shoulder:  Talent applies a thin layer of depilatory cream over the scalp.
2.3.2. CU:  The mouse as the cream and the remaining hair are wiped away with saline moistened cotton swabs and alcohol prep pads.

2.4. Now, disinfect the scalp using a betadine swab stick and clean with 70% ethanol prep pads.
2.4.1. CU:  The mouse as the scalp is disinfected with a betadine swab stick.

2.4.2. CU:  The mouse as the scalp is cleaned with 70% ethanol prep pads.
2.5. Then, mount the animal onto a stereotaxic frame to immobilize the skull.  Lightly tap the skull to ensure its stability. 
2.5.1. MED-over the shoulder:  Talent mounts the animal onto a stereotaxic frame.
2.5.2. CU:  The mouse’s head as it is lightly tapped.
3. Thinned-Skull Cranial Window Preparation 

3.1. In this procedure, start the scalp incision at the midline point between the eyes.  Continue caudally to the midline point between the ears.  Part the skin flaps with forceps.  
3.1.1. MED-over the shoulder:  Talent makes the scalp incision at the midline point between the eyes.  
3.1.2. ECU:  The scalp as the incision is made caudally to the midline point between the ears.

3.1.3. CU:  The scalp as the skin flaps are pated with forceps. 
3.2. Next, locate the area to be thinned under a dissecting microscope.  Use forceps to scrape the skull to remove any residual fascia. Then, dry the skull with sterile cotton swabs before creating a 4 × 4 mm thinned cortical window about 1 mm posterior and lateral to bregma.   
3.2.1. SCOPE:   A microscope movie to show the searching of the area to be thinned.

3.2.2. SCOPE:  A microscope movie to show the removal 0f fascia.

3.2.3. MED-over the shoulder:  Talent dries the skull with sterile cotton swabs.
3.3. Use a surgical hand drill with round carbide bur in light sweeping motion to thin the skull.  Do not apply direct pressure onto the skull. Stop drilling every 20-30 seconds to remove bone dust using sterile saline and cotton swabs and to avoid overheating the skull.  The saline will also aid in dissipating the heat throughout the skull.
3.3.1. SCOPE:   A microscope movie to show the skull being thinned by the bur.  Stop drilling every 20-30 seconds to remove bone dust using sterile saline and cotton swabs.
3.4. Once the outer layer of the compact bone is completely removed, the middle spongy bone layer should be visible.  There may be slight bleeding as blood vessels are more apparent in the spongy bone layer.  
3.4.1. SCOPE:  A microscope movie to show the middle spongy bone layer (possibly with blood) after the outer layer of the compact bone has been completely removed.
3.5. Switch to a green stone bur and continue drilling using extra caution as the spongy layer is more delicate.  The green stone bur will remove less bone material while ensuring evenness throughout the cranial window.  Stop drilling occasionally to remove bone dust and to cool the skull.
3.5.1. 
SCOPE:  A microscope movie to show the drilling of the spongy layer with green stone bur.  Stop drilling occasionally to remove bone dust and to cool the skull.

3.6. Finally, when the skull has become more transparent and the vasculature on the brain is visible, begin to polish the skull using a polishing bur.  Check the thickness of the skull by gently tapping on it with forceps.  Stop polishing when the skull becomes slightly flexible. 
3.6.1. SCOPE:  A microscope movie to show that when the skull has become more transparent and the vasculature on the brain is visible, the skull is polished by a polishing bur.
3.6.2. SCOPE:  A microscope movie to show checking of the thickness of the skull by gently tapping.
3.7. The thinned cranial window should now be completely smooth and reflective, and ready for imaging.  Due to the nature of highly scattering tissues of the brain, the skull should be thinned to at least 55 μm for optimal depth penetration.
3.7.1. SCOPE:  The thinned cranial window as it is pointed at by the talent’s finger (or forceps).

3.7.2. SCOPE:  The brain as it is pointed at by the talent’s finger (or forceps) Brain visible through the window.
From the authors: “3.7.1 and 3.7.2 was pretty much filmed exactly the same.  I had Charlie write on his script that the brain is visible underneath the window since pointing to the window and brain is the same thing.”
4. OCT imaging 
4.1. After the surgery is complete, check the animal’s breathing rate via visual inspection and reflexes to ensure proper level of anesthesia, and administer additional anesthesia if necessary.

4.1.1. MED-over the shoulder:  Talent checks the animal’s breathing rate and reflexes. 
4.2. Place the animal under the OCT camera.   Then, position the thinned-skull cranial window under the optical beam.  A cross-sectional view of the skull and brain can now be visualized. 
4.2.1. MED:  Talent places the animal under the OCT camera.

4.2.2. ECU:  The TSCW as it is positioned under the optical beam.

4.2.3. SCREEN:  A movie to show the cross-sectional view of the skull and brain.
4.3. Data acquisition can begin once the area of interest is located.  For imaging purposes, we scanned the OCT beam over an imaging cortical window with a width of 5.5 mm and obtain an imaging depth of 2 mm with 6 mW of incident power and a focal point 1 mm below the thinned skull.  Each cross-sectional area consisted of 2048 axial scans with an acquisition rate of 0.14 seconds per image. 
4.3.1. SCREEN:  A movie to show the location of the area of interest.

4.3.2. MED-over the shoulder:  Talent pointing at/ showing the images on the monitor.
4.3.3. SCREEN:  Acquisition Mouse.mov and .avi (same thing, two fomats) A movie to show the scans with an acquisition rate of 0.14 seconds per image.
5. Results:  Thinned-Skull Cranial Window Technique for In Vivo OCT Imaging 
5.1. This particular method has allowed us to identify specific structures in our OCT cross-sectional images.  This figure (Video editor, zoom in A here) shows a parasagittal OCT image of the cortex under a normal skull.  And here (Video editor, zoom in B here) shows a parasagittal OCT image under a thinned-skull. The structures of the brain are more visually apparent under a thinned-skull cranial window as compared to a normal skull.  Additionally, a coronal cross-sectional OCT image (Video editor, zoom in C here) is also obtained to facilitate in identifying midline structures.
5.1.1. LAB_MEDIA:  50053_Park_Figure 3
5.2. Volumetric scans of the brain can also be obtained by collecting a series of 2D cross-sectional images by using two sets of galvo mirrors for x-y scanning with the first galvo mirror scanning the beam in the sagittal direction and the second galvo mirror scanning in the coronal direction.
5.2.1. LAB_MEDIA: VolumeGrayScaleVideo.mpg
Author will provide video file to show real-time acquisition and display.
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

6. 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.
6.1. Jenny Szu:  Once mastered, this technique can be completed in 10 minutes if it is performed properly.

6.2. Melissa Eberle:  While attempting this procedure, it’s important to remember to uniformly thin the skull to ensure adequate signal penetration during OCT imaging.

6.3. Carissa Reynolds:  After watching this video, you should have a good understanding of how to prepare a thinned skull cortical window for OCT imaging purposes.
What do you expect from a scientific journal? – Use take 1

In your own words, what makes JoVE's video format special? - Use take 1

Would you recommend JoVE to your colleagues?  - Use take 3
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.

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.

( 2011, Journal of Visualized Experiments


