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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____no, we have a recording camera mounted on the surgical microscope to record the steps 2, 4 and 6 of the protocol. The step 3 can also be recorded using the camera of the femtosecond laser, but in that case the video signal is delivered out through a coaxial cable, and we do not have any coaxial cable or recording system; however, the video is shown on a monitor positioned on the laser (see the femtosecond laser pictures at http://www.amo-inc.com/products/refractive/ilasik/ifs-advanced-femtosecond-laser)
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No. We have software inputs of parameters described in step 3 of the protocol, but these are impossible to download: they can be visualized in the femtosecond laser monitor (see http://www.amo-inc.com/products/refractive/ilasik/ifs-advanced-femtosecond-laser) If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. __From 2.3 to 2.7, 5.1, 5.4_______________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__ Correct positioning of the donor endothelium (step 6.4) and providing perfect adhesion to recipient cornea by the use of the laser welding approach (step 6.6)_________________________

E.  Will the filming need to take place in multiple locations? (Y/N) No_______ 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to _perform an all- laser minimally invasive surgery for the transplant of thin corneal lenticules. (Intro)
This is accomplished by first _measuring the donor cornea and cutting it with the femtosecond laser. (P1, Editor, use a freeze frame from shot 2.7.2 and then use freeze frame from shots 3.2.3, 3.3.3, and 3.4.4.)
Next, incisions are made in the recipient’s corneal bed and the Descemet membrane and endothelium are removed in preparation for the donor tissue (P2, Editor, use freeze frames from 4.1.2 and 4.3.1.)
Then, the donor flap is stained and inserted in its final position (P3, Editor, use freeze frames from 5.4.1 and 6.1.1.)
Finally, the donor lenticule is laser welded to the recipient cornea. (P4, Editor, use freeze frames from 6.6.1 to show a series of welded spots)
Ultimately, _ donor endothelium adhesion can be seen one day after surgery. (P5, Editor, use Figure 3 here and add in the white arrow to show adhesion.)
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).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Menabuoni: The main advantage of this technique over existing methods, like standard transplant of endothelium, is that with laser welding, flap dislocation risk is reduced after surgery.   

1.2. Author name Rossi: The implications of this technique extend toward surgery of corneal transplant because the applications of this laser welding procedure are also being studied in neurosurgery and ENT.  

1.3. Author name Canovetti: Generally, individuals new to this method will not struggle because it’s very easy to perform.

Protocol (read by voice talent at JoVE):

2. Donor Endothelium Preparation

2.1. TEXT ON WHITE BACKGROUND: The study was conducted with the prospectively approval of the hospital’s Ethics Committee; informed consent was obtained. The study was in adherence to the tenets of the Declaration of Helsinki. 
2.1.1. TEXT of the above statement
2.2. To begin, in the surgery room, remove the donor cornea from its delivery container at room temperature and set aside the corneal transport solution.

2.2.1. WIDE Talent in surgery room at bench with donor cornea

2.2.2. MED/CU Talent removes donor cornea from delivery container. 
2.2.3. [combined with 2.2.2] CU Talent sets aside corneal transplant solution

2.3. Place the donor corneo-scleral rim over an artificial chamber, into which a liquid can flow and create variable pressure. Then with the tissue retaining head, cover the cornea.

2.3.1. LAB MEDIA/SCREEN Talent places donor corneo-scleral rim over artificial chamber

2.3.2. [combined with 2.3.1] LAB MEDIA/SCREEN Talent covers cornea

2.4. Connect the artificial anterior chamber, or AAC, through a three way connector to a syringe filled with cornea preservation and nutrition liquid. Then use a compression ring to hold the retainer securely in place.  

It was not possible to give a ciack in all these steps: so you can find 2.4.2 at 1min after 2.4 ciack, 2.5.1 at 1m 5sec after 2.4 ciack, 2.6.1 1min 33 sec after 2.4 ciack, 2.6.2 at 1 min 34 seconds after 2.4 ciack
2.4.1. LAB MEDIA/SCREEN Talent connects AAC to a syringe filled with cornea preservation and nutrition liquid

2.4.2. [combined with 2.4.1] LAB MEDIA/SCREEN Talent uses compression ring to hold retainer in place

2.5. Next, with the syringe connected to the AAC to maintain the intracameral pressure, use tissue preservation solution to fill the anterior chamber until reaching the optimal pressure (TEXT: 60-70 mm Hg). Then close the three-way connector.

2.5.1. LAB MEDIA/SCREEN of syringe connected to AAC and talent fills anterior chamber with tissue preservation solution until optimal pressure is reached

2.5.2. LAB MEDIA/SCREEN Talent closes three way connector

2.6. Using a finger, test the pressure inside the anterior chamber, adjusting it until the correct internal pressure is reached. Then close the three-way connector.
2.6.1. LAB MEDIA/SCREEN Talent uses finger to test the pressure inside interior chamber and adjusts it

2.6.2. LAB MEDIA/SCREEN Talent closes three-way connector

2.7. To measure the thickness of the donor cornea, maintain the anterior chamber with the cornea in a fixed position, and with Optical Coherence Tomography, or OCT, take a full thickness OCT measurement.

2.7.1. CU Talent maintains cornea in fixed position

2.7.2. CU Talent takes full thickness OCT measurement
3. Femtosecond Laser Preparation of Donor Endothelium (Videographer will film monitor for these shots)
3.1. To cut the donor tissue after its applanation, begin with a full lamellar cut by setting the cut depth corresponding to the thinnest point of the donor cornea minus 95 microns.  

3.1.1. MED/CU Talent sets depth to thinnest point of donor cornea minus 95 microns
3.2. Set the pulse energy in the range of 0.8 - 0.9 uJ. Set the diameter to 8.7 mm, set the tangential spot separation to 2 um and set the radial spot separation to 2 um. 

3.2.1. MED/CU Talent sets pulse energy

3.2.2. MED/CU Talent sets diameter

3.2.3. MED/CU Talent sets tangential spot separation and radial spot separation

3.3. For the anterior side cut, set the posterior depth 30 um deeper than the previous full lamellar cut. Set the pulse energy to 2.10 uJ, the diameter to 8.6 mm, the spot separation to 3 um and the layer separation to 3 um. 

3.3.1. MED/CU Talent sets posterior depth

3.3.2. MED/CU Talent sets pulse energy and diameter

3.3.3. MED/CU Talent sets spot separation and layer separation
3.4. For the posterior side cut, locate the anterior depth of the posterior side and cut 30 um anteriorly to the full lamellar cut. Set the posterior depth to 900 um. Set the pulse energy to 2.10 uJ, the diameter to 8.3 mm, the spot separation to 2 um, and the layer separation to 2 um. Then make the cut.

3.4.1. CU Talent locates anterior depth of posterior side cut 30 um anteriorly than lamellar cut

3.4.2. MED/CU Talent sets posterior depth and pulse energy

3.4.3. MED/CU Talent sets diameter, spot separation, and layer separation

3.4.4. CU/ECU Talent makes cut

4. Recipient Eye Preparation 

4.1. To prepare the patient for surgery, use a 2.0 mm precalibrated blade to make a 2.00 corneal incision at 12-o’clock. Then, with a 1.2 mm precalibrated blade, make a limbal paracentesis at 2 o’clock. Then using a 30-degree stab knife, make a second limbal paracentesis at 6 o’clock.

4.1.1. WIDE/MED Talent lying down and prepared for surgery

4.1.2. LAB MEDIA/SCREEN Talent uses 2.0 mm precalibrated blade to make a 2.00 corneal incision at 12 o’clock

4.1.3. LAB MEDIA/SCREEN Talent uses 1.2 mm blade to make a limbal paracentesis at 2 o’clock

4.1.4. LAB MEDIA/SCREEN Talent uses 30-degree stab knife to make a second limbal paracentesis at 6 o’clock
4.2. Through the 2-o’clock paracentesis, insert an anterior chamber maintainer in the patient’s anterior chamber. Then with a dedicated hook, perform one 8.2 mm diameter circular descemetorexis.  

4.2.1. LAB MEDIA/SCREEN Talent inserts anterior chamber maintainer into anterior chamber

4.2.2. LAB MEDIA/SCREEN Talent uses dedicated hook to perform an 8.2 mm diameter circular descemetorexis

4.3. Strip the Descemet membrane and endothelium from the posterior stroma and use a Descemet hook to remove the tissues.

4.3.1. LAB MEDIA/SCREEN Talent strips Descemet membrane and endothelium from posterior stroma

4.3.2. LAB MEDIA/SCREEN Talent uses Descemet hook to remove tissues

5. Chromophore Preparation and Staining of Donor Endothelium

5.1. To prepare the chromophore for staining the donor tissue, add 1 mg of indocyanine green, or ICG (Pronounce “I-C-G”) powder to a 1.5 ml microcentrifuge tube. Then add 9 mg of sterile water (TEXT: ICG 10% w/w). 

5.1.1. CU Talent adds indocyanine green to 1.5 ml tube

5.1.2. CU Talent adds sterile water to tube

5.2. With a metal stirrer, manually mix the ICG solution to suspend the powder.  

5.2.1. CU Talent uses metal stirrer to mix ICG solution

5.3. Place the donor endothelium onto the wider portion of a Busin injector, with the inner side in contact with the injector surface.  

5.3.1. LAB MEDIA/SCREEN Talent places donor endothelium onto wider portion of Busin injector with inner side in contact with injector surface

5.4. Using a spatula, add chromophore solution to the inner side of the donor endothelium to stain it a homogeneous green color. After waiting three minutes, roll the endothelium and insert it into the anterior part of the Busin injector.

5.4.1. LAB MEDIA/SCREEN Talent adds chromophore solution to inner side of donor endothelium and it turns a green color

5.4.2. LAB MEDIA/SCREEN Talent rolls endothelium and inserts in Busin injector

6. Inserting Donor Endothelium and Laser Welding
6.1. Using an atraumatic coaxial forceps, grasp and insert the folded donor endothelium.  Then remove the anterior chamber maintainer.  

6.1.1. LAB MEDIA/SCREEN Talent grasps endothelial lenticule and inserts the folded donor endothelium

6.1.2. LAB MEDIA/SCREEN Talent removes anterior chamber maintainer

6.2. With a single 10.0 nylon stitch, suture the corneal incision and the paracentesis.

6.2.1. LAB MEDIA/SCREEN Talent sutures corneal incision and paracentesis

6.3. Inject an air bubble, completely filling the anterior chamber space to unfold the donor tissue and to press it against the recipient cornea.  

6.3.1. LAB MEDIA/SCREEN Talent inject an air bubble and donor tissue unfolds and presses against recipient cornea

6.4. From inside with a hook, or by using a spatula to move the air bubble from the outside, place the donor lenticule in the center of the recipient cornea.

6.4.1. LAB MEDIA/SCREEN Talent places donor lenticule in center of recipient cornea

6.5. Set a diode laser, emitting at 810 nm, with a 300-micrometer core-diameter sterile fiber optic and a 0.22 numerical aperture.  

6.5.1. CU Talent sets diode laser settings
6.6. Using the settings listed here for the laser and while keeping the fiber optic outside the eyeball and in non-contact configuration, sequentially deliver single laser spots along the periphery of the stained endothelium through the transparent corneal tissue. (TEXT: single spot emission mode, 70-80 ms pulse duration, 35-40 mJ per pulse. He-Ne aiming beam on).
From this step 6.6 to 6.8.2, consider to use the second operation, because the first one did not turn in the best result.
6.6.1. LAB MEDIA/SCREEN Talent delivers laser spots along periphery through transparent corneal tissue, Editor, try using bullets or a list for the TEXT.
6.7. The final aspect is a ring of spots in the periphery of the donor lenticule. The distance between the centers of two adjacent spots is the double of a spot diameter.

6.7.1. LAB MEDIA/SCREEN showing ring of spots in periphery of donor lenticule, 

6.7.2. FREEZE FRAME from 6.7.1 showing ring of spots; Editor, for last sentence, add a line connecting the two centers of a pair of adjacent spots and label it ‘2d’ then draw a line through the diameter of a spot and label it ‘d’. [I don’t think this is possible, because the microscope recording system did not work during the second surgery, i.e. the best one.]
6.8. When the laser welding is complete, apply 0.3% tobramycin and 0.1% dexamethasone ophthalmic suspension to the patient eye then apply a contact lens. 

6.8.1. CU/ECU Talent applies drugs contact lens to patient’s eye. 

6.8.2. CU/ECU Talent applies contact lens drugs to patient’s eye (Videographer, film 6.8.1 and 6.8.2 if authors don’t provide from surgical scope.)
7. Results: “All Laser” Corneal Transplantation 
7.1. This “all laser” surgical procedure performs a minimally invasive corneal transplantation. With respect to a standard endothelial transplant, only the steps of measuring the corneal thickness, staining the donor tissue and delivering the laser light are added. The achieved advantages largely compensate for an increased surgical time of a few minutes.
7.1.1. LAB MEDIA Figure 1, Editor, for staining the donor tissue, point out the green stain in panel A.  For delivering the laser light, point out panel D.
7.2. The use of intraoperative OCT to measure the donor cornea thickness and the femtosecond laser used to customize the donor lenticule dimensions enables the improvement of the donor/host interface adhesion, compared to not performing the donor cornea thickness measurement as shown here, which results in poor adhesion at the periphery. In doing so, the surgery is designed following the needs and morphological characteristics of the individual patient.
7.2.1. LAB MEDIA Figure 2, Editor, for the first sentence, point out panel C and for not performing the measurement and the poor adhesion, point out panel B and the broken white bars shown at the bottom of the panel (note: the two horizontal white flaps are the iris of the patient. The “not well” transplanted flap is the thick and short tissue attached below the cornea and this has to be pointed out, in my opinion).
7.3. In a standard technique, it is not possible to suture the donor tissue in any way, because of its biomechanical characteristics and location. However, the laser welding procedure delivers a complete ring of spots covering the external diameter of the donor/recipient interface and provides an immediate closure of the interface. One day after surgery, a partially welded endothelium shows donor lenticule dislocation except at weld sites.  
7.3.1. LAB MEDIA Figure 1D and Figure 3, Editor, for the complete ring of spots…, point out 1D and for ‘One day after surgery,’ point out Figure 3 and ‘except at weld sites,’ add in the white arrow as shown in the figure.  
8. Conclusion (said by authors on camera)
8.1. Author name Menabuoni: Following this procedure, other methods like partial anterior lamellar keratoplasty can be performed in order to answer additional questions like how to avoid the use of standard suturing with staples and stitches.

8.2. Author name _Rossi: After its development, this technique paved the way for researchers in the field of microsurgery to explore suturing of thin tissues in inaccessible sites, such as end-to-end anastomosis in brain surgery.
8.3. Author name Canovetti: After watching this video, you should have a good understanding of how to perform the transplant of the endothelium, reducing the risk of donor lenticule dislocation after surgery. These techniques provide a thin tissue that perfectly adheres to the recipient eye, providing the patient satisfaction after surgery.
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, .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.  

Insert your media filenames here.
5.4- Canovetti_ Figure1 panel A- staining the donor lenticule

6.4- Canovetti Figure 1 panel B- inserting the donor endothelium

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.
( 2013, Journal of Visualized Experiments


