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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _________ 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)________ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 3.3, 3.5, 4.3, 4.4, 4.6, 5.3.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Step 4.4 – this is a new procedure for most radiographers, so practice and training are essential. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this technique is to provide an effective and reproducible method for reducing the radiation dose received by the heart during left breast radiotherapy without the need for specialized equipment. The technique uses skin surface pen marks as fiducials to check for breath-hold reproducibility. (Intro)

The first step is to train the patient to hold their breath comfortably and reproducibly for up to 20 seconds. Breath-holding inflates the lung, thereby pushing the heart down and away from the radiation fields. (P1)

The second step involves marking and measuring the position of tattoos relative to lasers while the patient is in breath-hold, before performing a radiotherapy planning CT scan with the patient in breath-hold. (P2)

Using the radiotherapy planning CT scan, a radiotherapy treatment plan is prepared. (P3)

Next, the patient is set up on the treatment couch and, while the patient is in breath-hold, the light field borders are marked on the patient’s skin with a pen. (P4)

Finally, radiotherapy is delivered with the patient in breath-hold, and breath-hold reproducibility is monitored using the pen marks and light fields visible via the treatment room cameras. (P5)  (authors, if you are dissatisfied with the image for p5, a still show of footage from below could perhaps be used instead.) [The image quality is poor because it is an image of a monitor from a (not great quality) CCTV camera. Would be very happy for you to replace this with still footage from the shoot if the image quality is better.]





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 Dr Anna Kirby: The main advantage of this technique over existing methods, such as those that use spirometry or infrared markers, is that no specialized equipment is required.  This may facilitate the implementation of heart-sparing breast radiotherapy in centers where resources are limited.  The methodology is adaptable for different radiotherapy systems and to different breast radiotherapy techniques, including field-in-field techniques and nodal irradiation.  
1.2. Author name Dr Freddie Bartlett: Visual demonstration of this technique is critical as the introduction of breath-hold to the radiotherapy planning and treatment pathway is a new concept and difficult to visualize since it requires new procedures not used in standard radiotherapy.   Centers new to this method should ensure that treatment room camera resolution and positioning are optimized prior to implementation
1.3. **Author name Dr Freddie Bartlett: Demonstrating the technique will be Karen Carr, Anne Marie Verbiest, Sally Kember, Gemma Lees and radiographers from our center. (Add additional mention of demonstrators as necessary).  
1.3.1a Karen Carr and Anne Marie Verbiest look up from CT console/CTarea and acknowledge the camera.
1.3.1b Sally Kember and Gemma Lees look up from radiotherapy machine [Shot 1.3 (of the radiographers looking up from the CT console) had to be split into two parts as 2 radiographers operate the CT scanner and 2 different radiographers operate the radiotherapy machine (in a different part of the hospital). As a result we first filmed the two CT radiographers (Karen Carr and Anne Marie Verbiest), but then forgot to do a similar shot for the 2 treatment radiographers (Gemma Lees and Sally Kember).  You could use some shots of Gemma and Sally from the rest of the footage that has been gathered.]

Protocol (read by voice talent at JoVE):
2. Radiotherapy clinic
2.1. Before beginning the techniques as described in this Protocol, first obtain necessary approval from your institution’s Research Ethics Committee or Institutional Review Board. 
2.1.1. TITLE SCREEN: above spoken with title screen.
2.2. Begin in the clinic by assessing the patient’s suitability for the voluntary breath-hold technique.  This technique is for patients who have been recommended left breast or chest wall radiotherapy by their radiation oncologist.  
2.2.1. WIDE: talent and patient in clinic (i.e. exam room) as talent speaks to the patient, assessing the patient’s suitability for the voluntary breath-hold. (Note, here and below, if patient does not want their face filmed, film from behind patient. Patient may want to remain anonymous due to nature of procedure below. Blurring the face is post is also an option) [Both patients were happy for their faces to be shown.]
2.2.2. MED: another angle of talent assessing patient’s suitability, this time perhaps talent asks the patient to take in some deep breaths. 
2.3. Also review the patient’s performance status and comorbidities, especially lung-related comorbidities, as these may affect their suitability for the breath-hold procedure.   
2.3.1. MED: talent views the patients chart (computer or clipboard).  (Note: do not film any patient identifying info (per HIPA laws), perhaps film from side)
2.4. If the subject is suitable, obtain informed consent and ask them to practice holding their breath at home.  They should practice while lying down on their back, initially holding their breath for 5 seconds, and then building up in 5 second intervals to a 20 second breath hold. 
2.4.1. MED: the patient signs a consent form
2.4.2. MED: talent speaks to the subject, instructing them on how to perform the breath hold at home.  Subject listens & nods. 
3.  Radiotherapy planning-CT session  
 (Note: in this section & sections below, patient may want their face blurred if it is in the shot for anonymity.  And/or perhaps try to get shots without filming the face If possible)[Patients happy for faces to be shown.]
3.1. At the radiotherapy planning CT session, begin by positioning the patient on the CT couch in the standard treatment position.  Then, define the position of the tattoo markers. 
3.1.1. WIDE: talent helps position the patient on the CT couch in the standard treatment position. 
3.1.2. MED: talent moves patients gown to begin placement of the markers and moves CT bed into position.
3.2. Place the CT markers on the patient in free-breathing. A midline marker should be placed approximately half way along the likely field edges. Also add lateral markers to each side of the patient in free-breathing, in line with the midline marker.
3.2.1. MED: show the patient in free breathing, then talent places a midline marker approximately half way along the likely field edges.
3.2.2. [combined with 3.2.1] MED: talent places lateral markers to each side of the patient in line with the midline marker.
3.3. Now ask the patient to practice holding their breath. Instruct them first to breathe in and out twice, then take a deep breath in and hold it for 5 seconds.  While the patient is holding their breath, mark the position of the anterior and lateral tattoos relative to the lasers to help establish reproducibility.  Repeat this while adding 5 second intervals of breath hold, and continue until the patient can hold their breath for a total of 20 seconds.   
3.3.1. MED: talent speaks to the patient asking her practice holding her breath.
3.3.2. [combined with 3.3.1] MED: subject breathes in and out twice then takes a deep breath in and holds it.
[moved from 3.5.1, combined with 3.3.1] MED: While the patient is holding their breath talent marks the position of the anterior and lateral tattoos relative to the lasers.
3.3.3. [combined with 3.3.1] MED: another shot of patient practicing the breath hold. (i.e holding breath and then letting it out)
[moved from 3.4.1, combined with 3.3.1] MED/BROLL: of subject practicing the breath hold.
3.4. Breathing in and out twice before breath-holding relaxes the patient, helps them prepare for the breath-hold during the scan, and helps breath-hold consistency.  Record the maximum duration for which the patient can comfortably hold their breath.
3.4.1. [moved] MED/BROLL: of subject practicing the breath hold.
3.4.0 Added shot: Subject practicing breath-hold up to 20 seconds.
3.4.2 	MED over the shoulder: talent records the maximum duration for which the patient can comfortably hold their breath
3.5. While the patient is in breath-hold, measure the distance moved by the lasers from the anterior and lateral tattoos and record this on the CT sheet.  Be sure also to record the height of the lateral tattoo above the couch top during the breath-hold before proceeding with the CT scan. 
3.5.1. [moved] MED: While the patient is holding their breath talent marks the position of the anterior and lateral tattoos relative to the lasers.
3.5.2a 	Added shot: Talent measures distance moved from the anterior and lateral tattoos and records this on the CT sheet.
3.5.2b 	MED over the shoulder: talent records the height of the lateral tattoo above the couch top during breath-hold.
3.5.2c 	Added shot: talent records height of lateral tattoo above couch top during breath-hold using ruler. [These points are very similar. I may have recorded these incorrectly on the day]
3.6. From the CT control room, repeat the standard breath-hold instructions to the patient.  Then, when satisfied the patient is in breath-hold, start the CT scan.   When the scan has completed, check and record the height of the lateral tattoos on the CT scan to confirm that a consistent breath-hold was performed. 
3.6.1. MED: talent speaks to subject again repeating the breath hold instructions. (this is likely via the scanner console microphone) 
3.6.2a 	Added shot: (filmed in CT room) patient going through scanner
3.6.2b 	MED: talent starts the CT scan, we can see the patient in the scanner on the CT control room monitor through the glass window (if possible)
3.6.3	MED: talent checks and records the height of the lateral tattoos on the CT scan. [In shots of computer screens (3.6.3, 4.1.1) it may be that you can see the patient’s name on the screen (top of screen and also below right of CT scan). Kathy tried to avoid this being in shot, but please blur out any of these details if they are visible.]
3.7. However, if the lateral couch height differs by greater than 3 millimeters from the initial couch height, re-measure the anterior and lateral reference points.  
3.7.1. MED: talent re-measures the anterior and lateral reference points.  
4. Radiotherapy treatment planning & setup
4.1. Prior to radiotherapy treatment, produce a clinical radiotherapy treatment plan for the patient which fulfills the International Commission on Radiation Units (ICRU) criteria.  
4.1.1. MED over the shoulder: talent views the clinical radiotherapy treatment plan prior to radiotherapy treatment.
4.2. Then on the day of treatment, first align the patient’s tattoos in free-breathing.  Mark on the patient’s skin the previously obtained posterior and inferior measurements from the left lateral and anterior midline tattoos.  
4.2.1. MED: Talent aligns the patient’s tattoos in free-breathing.  
4.2.1b 	Added shot: Shot showing that lateral tattoo is aligned
4.2.1c	Added shot: Shot showing that anterior tattoo is aligned
4.2.2. MED: talent marks the previously obtained posterior and inferior measurements from the left lateral and anterior midline tattoos
4.3. Then instruct the patient to breathe in and out twice before taking a deep breath and holding it. The reference mark on the patient’s skin should rise up to the level of the laser.  Ask the patient to repeat the breath-hold procedure a couple of times to confirm reproducibility before proceeding with patient setup.  
4.3.1. MED: the patient breathes in and out twice before taking a deep breath and holding it.
4.3.2. CU: show that the mark on the patient’s skin rises up to the level of the laser.
4.3.3. MED: the patient repeats the breath-hold procedure to confirm reproducibility. 
4.4. Now ask the patient to perform another breath-hold and align the midline tattoo to the isocenter position in the superior/inferior direction and set the field-to-skin distance (FSD) at the midline.  Then, in free-breathing, move the bed laterally to the isocenter, and measure and mark the medial and lateral field borders in free-breathing.  
4.4.1. [bookmark: _GoBack]MED: In breath hold, talent aligns the midline tattoo to the isocenter position in the superior/inferior direction and sets the FSD at the midline.
4.4.2. MED: In free-breathing, talent moves the bed laterally to the isocenter, 
4.4.3. MED: Talent measures and marks the medial and lateral field borders in free-breathing
4.5. Set all other machine parameters, such as field size and gantry, collimator and couch angles, for the first anterior oblique beam. Then, again ask the patient to perform a breath-hold and check that the medial border aligns with the marks that were just made.
4.5.1. MED over the shoulder: talent sets all other machine parameters for the first anterior oblique beam.
4.5.2. CU: In breath-hold, talent checks that the medial border aligns with marks that were just made. 
4.6. Now, mark the field edge as defined by the light field with a pen: this aids visualization of the patient’s breath-hold. Then, repeat these procedures for the posterior oblique beam.  
4.6.1. CU: talent marks the field edge as defined by the light field with a pen. 
4.6.2. MED: Show as talent repeats one of the above steps (i.e. talent asks patient to hold breath then checks measurements for posterior oblique beam)
4.7. If the patient’s setup is out of tolerance according to local tolerance levels for a standard breast radiotherapy patient, refer to the troubleshooting algorithm seen here. 
4.7.1. LAB MEDIA: Figure 2
5. Radiotherapy treatment delivery	
5.1. Assess whether the available camera views are sufficient to monitor the field edge and the position of the gantry, relative to the couch from the control room.  If not, be sure to assess the gantry rotation prior to leaving the treatment room in order to avoid collisions.  
5.1.1. MED: talent assesses whether the camera views are sufficient to monitor the field edge & position of the gantry relative to the couch from the control room. 
5.1.2. MED: Show the gantry relative to the couch in the treatment room	 
5.2. Then, in the control room, zoom the treatment room cameras so that the field borders marked on the patient’s skin are visible on the surrounding control room monitors.  
5.2.1. MED; talent zooms in a treatment room camera so that the field borders marked on the patient’s skin are now visible.
5.3. Once ready to commence treatment, ask the patient to perform a breath-hold via the intercom system. Check that the light field aligns satisfactorily with the marked field border, and then commence treatment beginning with the posterior oblique beam.  Repeat the same procedure for the anterior oblique beam.
5.3.1. MED: talent asks the patient to perform a breath hold.
5.3.2. MED: talent checks that the posterior oblique light field aligns satisfactorily with the marked field border.
5.3.3. MED over the shoulder: talent commences treatment (“pushes start” on the console)
5.3.4. Added shot: Talent checks that the anterior oblique light field aligns satisfactorily with the marked field border
5.3.5. Added shot: Shot of radiotherapy treatment console monitor as radiotherapy is delivered and audio of machine noise/treatment delivery
5.4. Be sure to monitor the patient’s breath-hold during treatment delivery. The treatment should be interrupted if there is concern that there has been a change in the patient’s breath-hold depth.  
5.4.1. MED: talent monitors the patient’s breath-hold (via cameras) during treatment delivery (for a few seconds, enough to cover narration).
6. Results: Voluntary Breath-Hold Technique 
6.1. Here we can see axial and sagittal CT slices from the same patient at the same chest wall level in free-breathing.  (Figures 1A and 1C) 
6.1.1. LAB MEDIA: 	Figure 1A alongside figure 1C (these remain on screen as the next 2 images appear)
6.2. And here, we see CT slices acquired using the Voluntary breath-hold technique. (Figures 1B and 1D). Note that with this technique, the heart, outlined in yellow, has been pushed down and away from the radiotherapy fields. 
6.2.1. LAB MEDIA: 	Figure 1B alongside figure 1D now appear underneath 1A and 1C 
6.3. Normal tissue doses for the voluntary breath-hold (VBH) technique are seen here. Median, minimum and maximum NTDmean (Pronounced ‘N T D mean’ ie ‘enteedee) doses for heart, left anterior descending coronary artery, ipsilateral and whole lungs are shown, as are median, minimum and maximum LADmax  doses  (Pronounce ‘L A D max’ ie ‘ellaydee’). In addition, median, minimum and maximum cardiac doses for standard free-breathing left breast radiotherapy at our center are shown for comparison.
6.3.1. LAB MEDIA: 51578_FrederickBartlett_Table 1.tif : when “Median, minimum and maximum NTDmean doses” is spoken all the “VBH’ cells highlight as well as the cells labeled “NTDmean “  Then as “as are median, minimum and maximum LADmax“ is spoken, the cells labeled VBH and LADmax   highlight.  When “cardiac doses for standard free-breathing” is spoken, all the FB cells highlight along with the “heart NTD, LAD NTD and LAD” cells.  (note: added this highlighting to clarify narration, but if it is confusing it is not necessary)
6.4. And finally, here we see planning-CT and treatment session times for the voluntary breath-hold technique. Median, minimum and maximum planning-CT, treatment setup, treatment delivery and total treatment session times are shown in minutes.
6.4.1. LAB MEDIA: 51578_FrederickBartlett_Table 2.tif

7. Conclusion (said by authors on camera)
7.1. Author name Dr Freddie Bartlett: While attempting this technique, it’s important to remember to give the breath-holding instructions to the patient in a clear and consistent manner. Once mastered, this treatment technique can be delivered in under 15 minutes, while the radiotherapy CT planning session should take no longer than 30 minutes, including patient training. 
7.2. Author name Dr Anna Kirby: Investigators are now exploring integration of this breath-hold technique with more complex radiotherapy techniques, such as simultaneous integrated boost treatments and arc therapies.  Please remember that the implementation of novel radiotherapy techniques should be coupled with adequate staff training, publication of clear work instructions and auditing of local results.          

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.
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