Submission ID #: 52415
Editor Name: Brigid Stadinski
Videographer name: Bill Schweikert
Film Date: 10/22/2014
Authors and Affiliations: 
Aliya Gifford1, Theodore F. Towse2, Ronald C. Walker3, Malcolm J. Avison4, and E. Brian
Welch3
1Chemical and Physical Biology Program, Vanderbilt University, Nashville, TN
2Department of Physical Medicine and Rehabilitation, Vanderbilt University School of Medicine, Nashville, TN

3Radiology & Radiological Sciences, Vanderbilt University Medical Center, Nashville, TN

4Department of Pharmacology, Vanderbilt University, Nashville, TN
Title: 
Human Brown Adipose Tissue Depots Automatically Segmented by Positron Emission Tomography/Computed Tomography and Registered Magnetic Resonance Images

Corresponding Author: 

Welch, E. Brian
Radiology and Radiological Sciences

Vanderbilt University

Nashville, TN

brian.welch@vanderbilt.edu

Tel: (615) 343-7754

Fax: (615) 322-0734

Co-authors:
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)_________  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 

________No_____________________________________
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. ___________________________________________

-Authors, please answer this question a second time using the script steps for the videographer’s reference.
Steps:  

2.1 – 2.4

2.6

3.2 – 3.5
4.4

5.2 – 5.3

either: 2.7 or 4.6  – i.e. a short clip of the subject being transported from the temperature-controlled room in a wheelchair.
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.___________________________

-Authors, please answer this question a second time using the script steps for the videographer’s reference.
The first most difficult aspect is positioning the subject to be scanned in the MRI and PET/CT scanners, as described in Steps: 3.4 – 3.5, and 5.2 – 5.3.

The second most difficult aspect is setting up the temperature-controlled room, as described in Step: 2.1.

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

There are 3 main locations for filming: 1 – The temperature controlled room. 2 – The MRI suite. 3 – The PET/CT imaging suite. It is approximately a 7-10 minute walk between each of these 3 locations. Also, the walking route is all inside, and there are no stairs. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The goal of this procedure is to use both thermoneutral and cold-activated PET/CT to automatically segment depots of brown adipose tissue and apply to co-registered MRI scans of the same subject. (Intro)
This is accomplished by first acquiring both thermoneutral and cold-activated MRI and PET/CT scans on the same subject. (P1)
Editors, please use JoVE_52415_ProceduralNarrative.  As this point is narrated, please show the first animation that the authors have prepared.
The second step is to spatially register all four scans of one subject.  Due to the difficulty of registering whole-body images, focus should be placed on accurate registration of the supraclavicular region. (P2)
Editors, please use JoVE_52415_ProceduralNarrative.  As this point is narrated, please show the second animation that the authors have prepared.

Next, the registered cold-activated and thermoneutral PET/CT scans for one subject are used to define the BAT regions for that specific subject. (P3)
Editors, please use JoVE_52415_ProceduralNarrative.  As this point is narrated, please show the third animation that the authors have prepared.

The final step is to apply the BAT (pronounced as “bat”) regions of interest to the MRI scans that have been registered to the PET/CT scans of the same subject.  Ultimately, this procedure provides quantitative MRI metrics in brown adipose tissue, using automatically generated BAT regions of interest instead of manually defined regions.  (P4)
Editors, please use JoVE_52415_ProceduralNarrative.  As the first sentence is narrated, please show the fourth and fifth animation that the authors have prepared.  These final images can be shown for last sentence as well.
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. Brian Welch:  The main advantage of this technique over existing methods used in studies of human brown adipose tissue is that this technique acquires and combines MRI and PET/CT scans under both cold-activated and thermoneutral conditions on the same subject.   
1.1.1. MED:  Brian speaks toward camera, interview style.
1.2. Aliya Gifford:  Using the MRI metrics yielded by this approach, it may be possible to answer key questions such as the prevalence and spatial distribution of human brown adipose tissue using only MRI.  
1.2.1. MED:  Aliya speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):
2. Preparation for MRI on Study Day
2.1. To prepare the temperature-controlled room for MRI, use a small room.  For cooler temperatures, maintain the room temperature with a portable air-conditioning unit and a rotating floor fan to keep the cool air circulating.  When warmer temperatures are desired use a programmable portable heater, which oscillates to circulate the warm air around the room. 
2.1.1. WIDE:  Talent enters the small room with a portable air-conditioning unit and turns on.
2.1.2. CU:  Floor fan rotating and blowing.
2.1.3. MED:  Talent sets up the programmable portable heater on the ground
2.2. Prior to entering the temperature-controlled room, have the subject change into standard medical shorts and a standard medical shirt.  Remove socks and shoes. 
2.2.1. MED:  Talent hands the subject standard medical shorts and shirt.
2.2.2. CU:  Subject’s feet as the shoes and socks are removed.
2.3. Measure the subject’s height, weight, and waist circumference after changing into the standard clothing.  Also, measure the subject's body temperature using a sublingual thermometer.
2.3.1. MED:  Subject stands on a scale as talent measures the subject’s height and weight.
2.3.2. MED-over the shoulder:  Over the talent’s shoulder facing the subject’s waist as talent measures its circumference.
2.3.3. MED:  Talent inserts a sublingual thermometer into the subject’s mouth. 
2.4. Then, direct the subject to enter the temperature-controlled room.  Ask the subject to sit quietly and not perform any activity that could change body temperature, such as, exercising, typing, or falling asleep.
2.4.1. WIDE:  Talent directs the subjects to enter the temperature-controlled room.
2.4.2. MED:  Talent motions the subject to sit, explaining to the subject to sit still.
2.5. After sitting in the room for one hour, measure the body temperature again using a sublingual thermometer.
2.5.1. MED-over the shoulder:  Talent measures the subject body temperature with a sublingual thermometer.
2.6. After the second hour of sitting in the temperature-controlled room, measure the body temperature a third time using a sublingual thermometer.  If performing the cold MRI, place the cold vest on the subject prior to the subject leaving the temperature-controlled room.
2.6.1. WIDE:  Talent enters the room and proceeds to measures the subject body temperature a third time.
2.6.2. MED or CU:  Subject’s torso as talent places the cold vest onto the subject.
2.7. After two hours in the temperature-controlled room, transport the subject in a wheelchair to the MRI scanner. 
2.7.1. WIDE:  Talent pushes the wheelchair bound subject (wearing the cold-vest) down the hall.
3. MRI Acquisition Protocol
Note to videographer:  You may not be able to bring your equipment into the MRI room itself, but the authors say you can film from the door or through the operator console window (that is why there are so many MED shots).
3.1. Acquire MRI scans using a 3 Tesla MRI scanner equipped with two-channel parallel transmit capability, an extra-large 16-channel torso receive coil, and a modified tabletop.
3.1.1. BROLL:  MRI machine filmed through the door/operator console window.  Try to get some closer views of the 16-channel torso receive coil and modified tabletop.
3.2. Hang the anterior portion of the torso receive coil from the top of the scanner bore in a fabric sling.  Allow the sling to hang low enough to slide against the subject’s body in order to maximize the signal-to-noise ratio. 
3.2.1. CU:  Filming from the door or operator console window, try to get a close shot of the torso receive coil as talent hangs the anterior portion from the top of the scanner bore in a fabric sling.  
3.3. Place the posterior portion of the torso receive coil in a rolling “coil wagon” sandwiched between two layers of the tabletop.  As the table moves through the scanner bore, hold the coil wagon at isocenter by straps attached to the scanner covers at the front and back of the scanner bore so that the posterior coil element remains stationary. 
3.3.1. MED:  Filming from the door or operator console window, try to get a close shot of the torso receive coil as talent places the posterior portion in a rolling “coil wagon” sandwiched between two layers of the tabletop.
3.3.2. CU:  Filming from the door or operator console window, try to get a close shot as talent displays the straps (or one of the straps).
3.4. Position the subject on the bed to enter the scanner feet first in a supine position.  Remove the vest prior to the subject lying down.  Then have the subject place both arms inside a bag similar to a pillowcase, and lower the arms to either side of the body. 
3.4.1. MED:  Talent positions the subject on the bed to enter the scanner feet first in the supine position.
3.4.2. CU:  Closer shot of the subject as the talent helps with removal of the vest.
3.4.3. MED:  Talent helps subject to place both arms inside a bag similar to a pillowcase and helps lower the arms to either side of the body.
3.5. To minimize differences between subject positioning in MRI and PET/CT scans, it is important to allow the subject to lie down naturally on the scanner bed; to use the same amount of cushioning under the head during each scan; and to use the pillowcase bag to support the arms.  
3.5.1. MED:  Talent inserts a pillow to support the subject’s head and assists the subject to lie down naturally with pillowcase over arms.
3.6. Any support used for the subject during one scan, for example a pillow under the knees or lower back, should always be used in the same way for that subject.
3.6.1. CU:  Talent inserts a pillow under the knees or lower back.
3.7. Once the subject is in place, acquire fat-water MRI using a multi-stack, multi-slice, multiple fast field echo acquisition with 7 stacks of 20 axial slices, covering from the crown of the head to upper thigh.  Slices are contiguous with a 0 mm gap between slices.
3.7.1. MED-over the shoulder:  Computer screen in operator room with window viewing the subject in the background as talent begins acquisition of fat-water MRI using a multi-stack, multi-slice, multiple fast field echo acquisition with 7 stacks of 20 axial slices, covering from the crown of the head to upper thigh.  TEXT overlay:  see text for more details
4. Preparation for PET-CT on Study Day 
CHANGES TO PET-CT STEPS:  Switch steps 4.1 (Placement of IV port) with 4.2 (Directing subject to enter temperature-controlled room).  The shot of the IV Port being placed occurs after the subject is already sitting in the temperature-controlled room, so for continuity, the subject should already have entered the room.
4.1. Have a PET-CT Technologist place an IV port in the subject’s hand or arm vein. This IV port allows the Radiology technician to inject the radiotracer later when the subject is sitting in the temperature-controlled room.
4.1.1. WIDE:  Talent directs the subject to the PET imaging suite.  We had to change this to a static shot of the “Radiology Department” hospital sign. Additionally, there is a shot of the IV port being placed by the PET-CT Technician.  This shot is part of the 4.3.1 shot, I believe it’s at the beginning of this shot.
4.2. After setting up the temperature-controlled room as before, direct the subject to enter.  Ask the subject to sit quietly and not perform any activity that could change body temperature.  After sitting in the room for one hour, measure the body temperature again using a sublingual thermometer.
4.2.1. MED:  Talent directs the subject into the temperature-controlled room.
4.2.2. MED-over the shoulder:  Over subject’s shoulder as talent motions the subject to sit and explains not to move.
4.2.3. CU:  Thermometer as talent inserts into the talent’s mouth.
4.3. After the first hour in the temperature-controlled room, have the radiology technician administer the injection of Fluorodeoxyglucose through the IV port.  Inject 0.14 milli Curie per kilogram of 18F-FDG (pronounced as “eighteen F-F-D-G”); calculate the exact dosage based on the subject’s specific weight.
4.3.1. MED-over the shoulder:  Over radiology technician’s shoulder as talent prepares to administer Fluorodeoxyglucose through the IV port.  Continue/match action in next shot.
4.3.2. CU:  IV port as the radiology technician injects the Fluorodeoxyglucose.
4.4. After the second hour of sitting in the temperature-controlled room, measure the body temperature again using a sublingual thermometer. 
4.4.1. MED-over the shoulder:  Over talent’s shoulder as the subjects temperature is measured.
4.5. After two hours in the temperature-controlled room, transport the subject in a wheelchair to the PET-CT scanner. 
4.5.1. WIDE or MED:  Talent pushes the subject (without a vest on) down the hallway in a wheelchair.
5. PET-CT Acquisition Protocol
5.1. Acquire PET/CT scans on a Discovery See and Treat Elite PET/CT scanner.
5.1.1. BROLL:  Discovery See and Treat Elite PET/CT scanner.
5.2. Position the subject on the bed to enter the scanner head first in a supine position.
5.2.1. MED:  Talent positions the subject on the bed to enter the scanner head first in the supine position.
5.3. Once lying down, have the subject place both arms inside a bag similar to a pillowcase, and lower the arms to either side of the body.  This helps ensure the shoulders are positioned in a similar manner during both MRI and PET/CT exams, which makes image co-registration easier.
5.3.1. MED:  Talent helps the subject place both arms inside a bag and lowers the arms to either side of the body.  Match action in next shot.
5.3.2. CU:  Bag as talent helps the subject place his/her arms there and talent helps lower them into place.  
5.4. The PET/CT imaging field of view covers from the crown of the head to mid-thigh in 7 to 9 bed positions, depending on subject height.  Acquire the PET/CT images using the recommended PET/CT parameters listed in the text protocol. 
5.4.1. MED-over the shoulder: PET/CT screen and machine in background through the operator window as talent shows some of the views and begins to acquire the PET/CT images.
5.5. Proceed with processing and analysis as detailed in the text protocol.
5.5.1. MED:  Talent processing/analyzing the data.
6. Results: Quantitative MRI Properties of BAT
6.1. Acquiring both MRI and PET/CT scans on the same subject, and performing co-registration on all scans enables reliable measurement of quantitative MRI metrics of BAT. 
6.1.1. Title Card.
6.2. Shown here are unprocessed warm… and cold… PET/CT and MRI scans from one subject.  By acquiring both warm and cold PET/CT data, it is possible to clearly distinguish the cold-activated BAT depots by the increased 18F-FDG uptake. 
6.2.1. LAB MEDIA:  Figure 1.  Editors, please highlight the top row of images as “warm” is narrated.  Then highlight the bottom row of images as “cold” is narrated.
6.3. Shown here is the clavicular-level axial slice, post-registration.  The increased 18F-FDG uptake seen in the cold PET scan occurs in the supraclavicular region of adipose tissue.  The MRI fat signal fraction in this region falls in the 50-80% range, similar to that of previous research.
6.3.1. LAB MEDIA:  Figure 2.  Editors, please highlight the white arrows as the second sentence is narrated, at “cold PET scan.”
6.4. After co-registering all four scans, it is possible to create a subject-specific BAT mask using criteria derived from the PET/CT images.  This mask can then be applied to the four co-registered scans to acquire image metrics in the BAT depots. 
6.4.1. LAB MEDIA:  Figure 4
6.5 
As is shown here for one subject, applying the BAT mask to the registered scans results in numerical values from the acquired data presented as a mean and 95% Confidence Interval.
6.5.1
LAB MEDIA:  Table 1.  Editors, please zoom into the top of this table and scroll down staying zoomed in.
7. Conclusion (said by authors on camera)
7.1. Aliya Gifford:  While attempting this procedure, it’s important to remember to always position the subject in the same way for each of the four scans, as this greatly aids in the co-registration of the images.
7.1.1. MED:  Aliya speaks towards camera, interview style.
7.2. Brian Welch:  Following this procedure, with the addition of other MRI methods such as: diffusion weighted imaging, perfusion, and thermometry; it should be possible to study the spatial distribution and prevalence of brown adipose tissue in humans.
7.2.1. MED:  Brian speaks towards camera, interview style.
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.
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Table 1
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


