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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______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ___
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO  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. ___3.1-3.4, 

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.______4.5-4.6

E.  Will the filming need to take place in multiple locations? (Y/N) ___YES____ If yes, how far apart are the locations? _300 feet

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

Procedural Narrative:  Videographer, please see P3 below for 2 shots.)
The overall goal of this procedure is to treat lung tumors with dynamic tracking during stereotactic ablative body radiation therapy. (Intro)
This is accomplished by first discussing treatment options with the patient, including dynamic tracking during delivery of therapeutic radiation to a lung tumor. (P1, Editor, use a clip or FREEZE FRAME from 2.2.1 here.)
Next, the lung tumor target is identified by tagging it with a permanent gold-coated fiducial marker. (P2, Editor, use screen shot_1 here.  Editor, begin without the white arrows and add them in one at a time.)
Then, CT-guided simulation, physician contouring, and radiation dose planning are carried out. (P3, Editor, use image of talent and patient in simulation room with talent performing CT-guided simulation and screenshot_2 for physician contouring and radiation dose planning.  Videographer, get a shot here of talent performing CT-guided simulation on patient.)
The final step is to build a respiratory correlation model and initiate dynamic tracking radiation treatment. (P4, Editor, use screenshot_3 here.)
Ultimately, dynamic tracking during stereotactic ablative body radiation therapy is used to treat moving lung tumors with therapeutic radiation dose and with minimal toxicity. (P5. Editor, use screenshot_4 here.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Charles Kunos: The main advantage of this stereotactic body radiation therapy technique over existing methods, like conventional 3-D radiation therapy, is that precise high-dose radiation can be delivered with minimal radiation toxicity.   

1.2. Jeff Fabien: This method can help answer key questions in the radiation oncology field, such as whether new generation radiation therapy machines can hit moving lung targets precisely.  

Protocol (read by voice talent at JoVE):

2. Fiducial Marker Placement


2.1. TEXT ON WHITE BACKGROUND: Summa Health System institutional review board approval was obtained for this study.
2.1.1. TEXT of the above statement
2.2. Before beginning the procedure describe the new lung SBRT treatment to the patient and discuss the treatment risks. 
2.2.1. WIDE Talent standing/sitting near patient going over SBRT treatment and risks in consult room
2.3. To perform a percutaneous CT-guided or bronchoscopic placement of a single gold-coated marker inserted into the tumor target center-of-mass, ask a radiologist to perform a 3-5mm thick contiguous axial tomographic imaging of the patient’s chest. 

2.3.1. WIDE/MED Talent begins to perform imaging of patient’s chest

2.3.2. LAB MEDIA Screenshot_1, filmed footage of x-ray
2.4. Determine a safe needle approach, minimizing the amount of lung tissue traversed and avoiding bullae and fissures.

2.4.1. MED Talent in simulation room determines safe needle approach 

2.5. Next, inject local subcutaneous anesthesia, such as 1% lidocaine.

2.5.1. MED/CU Talent injects anesthesia into patient

2.6. Then, introduce a 17- or 18-gauge coaxial needle to place a single short or single long marker.

2.6.1. CU Talent begins to introduce 17 or 18 gauge needle
2.7.  Alternatively, ask a pulmonologist to acquire a tomographic imaging of the chest for endobronchial mapping.

2.7.1. LAB MEDIA Image showing endobronchial mapping (Authors still need to provide)

2.8. Then wedge the bronchoscope into the suspected bronchial segment.  Steer the bronchoscope sensor probe to the target lesion and using the transbronchial needle, deploy a fiducial marker.

2.8.1. LAB MEDIA of bronchoscope in suspected bronchial segment (Authors still need to provide)

2.8.2. LAB MEDIA of target lesion with fiducial marker nearby

3. Treatment Planning
3.1. After performing a CT-guided simulation 4 to 7 days following marker placement, ask the patient to lay supine head first on the treatment machine flat tabletop.

3.1.1. WIDE/MED Talent has patient lay supine head first on tabletop  

3.2. Position the patient’s arms over their head, supported by upper arm and wrist holders or a vacuum bag immobilizer.  Ensure that the thorax and abdomen are not immobilized.

3.2.1. MED Talent positions patient’s arms over their head and supports them with wrist holders or vacuum bag immobilizer

3.2.2. MED shot of thorax and abdomen to show that they are not immobilized
3.3. Optionally, use a two-pin localized knee sponge for indexing.

3.3.1. MED/CU Talent applies two pin localized knee sponge for indexing

3.4. Place at least four infrared-tracked body markers on the chest for localization and to demonstrate consistent vertical respiratory motion.

3.4.1. MED/CU Talent places body markers on chest 

3.5. After conducting a non-contrasted contiguous helical axial CT scan according to the text protocol, have the patient lie in a head first scanning position and ask the physician to order 18F-FDG PET/CT scans for enhanced capture of lung tumor motion.  

3.5.1. WIDE/MED Talent positioning themselves in head first scanning position

3.5.2. WIDE/MED Talent asks physician to order 18F-FDG PET/CT scans for enhanced capture of lung tumor motion

3.5.3. LAB MEDIA Screenshot_2, Editor, bring this in as a split screen with 3.5.2

3.6. Then during quiet breathing, perform a contiguous helical CT scan from the orbitomeatal line to the upper thighs.

3.6.1. WIDE/MED Talent performs contiguous helical CT scan from orbitomeatal line to upper thighs

3.7. Contour the primary lung gross target volume or volumes by hand drawing on 4D CT datasets, preferably the exhale phase.

3.7.1. MED/CU Talent hand draws on the 4D CT datasets in planning room

3.8. Then contour nearby normal tissue structures by hand drawing on 4D CT datasets, preferably the exhale phase (TEXT: ex:  lung, heart/pericardium, esophagus, liver, etc.).

3.8.1. MED/CU Talent hand draws on the datasets contouring normal tissue structures in planning room

3.9. Click on the dynamic tracking button in the planning software to engage the gimbaled pan-and-tilt tracking.

3.9.1. LAB MEDIA Screenshot_3, Editor, begin without the red circle and add it in

3.10. Prescribe a radiation dose to the PTV as outlined in the text protocol.
3.10.1. LAB MEDIA Screenshot_4, Editor, begin without the red circle and add it in
4. Treatment Delivery and Workflow
4.1. To build a quiet breathing correlation model after supine-head-first alignment, place four infrared body markers on the body in the same marked locations identified at CT simulation.

4.1.1. MED Talent places 4 infrared body markers on patient’s body
4.1.2. MED OVER SHOULDER of talent at machine table top showing location of markers identified, Editor, try using as a split screen with 4.1.1 when mentioned
4.2. At the treatment console, verify positional accuracy of the body markers and patient alignment by infrared camera and screens.  

4.2.1. MED OVER SHOULDER Talent at treatment console verifies positional accuracy of body markers and patient alignment

4.3. Acquire cross-plane dual-diagnostic kV x-rays or cone-beam CT images to detect implanted markers for internal positional accuracy.

4.3.1. MED OVER SHOULDER Cross-plane dual-diagnostic kV x-rays or cone-beam CT images

4.4. Using computer software linked to the new SBRT platform workflow, associate and correlate body marker motion, as a surrogate for respiration, and internal implanted marker motion.  

4.4.1. MED OVER SHOULDER Talent associates and correlates body marker motion and internal implanted marker motion

4.5. To generate a lung tumor motion correlation model, derive a gimbal pan-and-tilt path for the accelerator to track tumor motion.  

4.5.1. MED OVER SHOULDER Talent generates lung tumor motion correlation model

4.6. Visually assess the lung tumor motion correlation model prior to radiation delivery.  Evaluate machine-patient collisions due to gantry rotation, O-ring pivot, and gimbal pan-and-tilt actions prior to plan delivery.

4.6.1. MED Talent in treatment room visually assesses the lung tumor motion correlation model prior to radiation delivery and evaluates 
5. Results: Stereotactic Body Radiation Therapy using Dynamic Lung Tumor Tracking 
5.1. As shown here, SBRT on the new platform currently involves multiple static radiation beams converging on single or multiple closely-associated clinical radiation targets.  A representative good planning outcome delivers ablative radiation with 95% coverage of cancer target volume and cancer target dose conformity.  

5.1.1. LAB MEDIA Figure 1, Editor for the multiple static radiation beams, add in the lines 1 – 9 one at a time that converge on the red blob in C

5.2. This figure shows five coplanar and four non-coplanar beams used to treat a single PTV representing squamous cell carcinoma in the right lung.  Beam margins for the PTV were one-millimeter.  Radiation dose, prescribed to the 95% isodose line, rendered 95% PTV coverage with a conformity index of 1.48.   The prescription was 50 Gy in 5 every other day 10 Gy fractions.

5.2.1. LAB MEDIA Figure 1, Editor, for the radiation dose…point out the region between the dark blue and light blue outlines in D.

5.3. Structures depicted here include the planning target volume, the internal target volume, spinal cord, and esophagus.  Isodose lines are as indicated.

5.3.1. LAB MEDIA Figure 1, Editor, point out the target volume in red (red blob in B and structure inside the yellow circle in D) , the internal target volume in white (center, pinkish structure inside of red blob in panel  D), the spinal cord in green (bottom center in D and tube in B), and the esophagus in light blue.  
6. Conclusion (said by authors on camera)
6.1 and 6.2 reversed, so that I, Charles Kunos, am the last speaker
6.1. Charles Kunos: After its development, this stereotactic body radiation therapy technique paved the way for researchers in the field of radiation oncology to explore precise high-dose radiation therapy can be delivered safely to moving lung tumors.

6.2. Jeff Fabien: After watching this video, you should have a good understanding of how to deliver radiation therapy with dynamic tracking of lung tumors.

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. Already uploaded
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


