 Submission ID #: 52761

Editor Name: Linda DiBella
Videographer name: Matt Lenz
Film Date: February 9th 2015
Authors and Affiliations: 
Mani, Venkatesh

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

venkatesh.mani@mssm.edu
Alie, Nadia

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

nadia.alie@mountsinai.org
Ramachandran, Sarayu

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

sarayu.huang@mountsinai.org
Robson, Philip M

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

pmrobson98@gmail.com
Besa, Cecilia

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

cecilia.besacorrea@mountsinai.org
Piazza, Gregory

Cardiovascular Division

Brigham and Women's Hospital

Harvard Medical School 

Boston, MA, USA

GPIAZZA@PARTNERS.ORG
Mercuri, Michele

Daiichi Sankyo Pharma Development

Edison, NJ, USA

mmercuri@dsi.com
Grosso, Michael

Daiichi Sankyo Pharma Development

Edison, NJ, USA

mgrosso@dsi.com
Taouli, Bachir

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

bachir.taouli@mssm.edu
Goldhaber, Samuel Z

Cardiovascular Division

Brigham and Women's Hospital

Harvard Medical School 

Boston, MA, USA

SGOLDHABER@PARTNERS.ORG
Fayad, Zahi A

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

zahi.fayad@mssm.edu
Title: A Multicenter MRI Protocol for the Evaluation and Quantification of Deep Vein Thrombosis

Corresponding Author: 

Mani, Venkatesh

Department of Radiology

Translational and Molecular Imaging Institute

Icahn School of Medicine at Mount Sinai

New York, NY, USA

venkatesh.mani@mssm.edu
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___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: ___
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_Y_______ 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. _2.2, 2.7, 3.2

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: you’ve chosen a step (step 3.7 from the protocol that is not being filmed.  

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _2 locations, on separate floors, one is at the MRI scanner and the other at an image analysis location.

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

Note: We prefer if the conceptual narrative appears after the introduction provided by Section B (Interview) – By Dr. Zahi Fayad
Conceptual Narrative:
The overall goal of the following experiment is to use magnetic resonance imaging, or MRI in a multicenter setting to evaluate deep vein thrombosis, or DVT. (Intro)
This is accomplished by first inserting an intravenous line into the subject and positioning them into the MRI scanner. (P1, Editor, begin with the image of the IV being inserted at the top left and then transition to the patient being placed into the MRI scanner.)

Next, direct thrombus imaging is carried out using a 3D T1 W gradient echo scan and MR venography is performed by injecting a long circulating contrast agent before imaging. (P2, Editor, use the Direct Thrombus Imaging panel at the top right and then bring in the MR Venography panel next to it when mentioned.)
After images are acquired at various imaging centers, they are analyzed at a central core facility for analysis. This analysis is performed on a workstation running FDA-approved software and the robustness and reliability of the approach are determined. (P3, Editor, use the Curved path analysis panel at the bottom right and place the Direct Thrombus imaging analyzed panel next to it.)
The results show that this approach for imaging deep vein thrombosis is feasible, robust and reliable with excellent inter and intra observer reproducibility and minimal bias of the analysis between 2 separate observers. (P3, Editor, use the panels in Figures7 and 8 here.  Begin by placing 8a on the left and 7a next to it (have the inter and intra headings at the top of the screen.  Then scroll up to 8b and 7b side by side, then scroll up with 8c and 7c side by side, and then 8d and 7d.)
Schematic:
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  Authors would like this section to come before the Conceptual Narrative
1.1. FAYAD: This study shows a method for using magnetic resonance imaging to evaluate a very serious clinical condition, deep vein thrombosis. 
1.2. RAMACHANDRAN: DVT is difficult to both diagnose and quantify objectively in a clinical setting.  

1.3. TAOULI/FAYAD: Traditionally, DVT is diagnosed in the clinic using a d-dimer assay followed by compression ultrasound imaging (CUS).
1.4. ALIE: CUS cannot reliably detect DVT deep in the pelvis and in the distal limbs.
1.5. MANI: MRI using the methods we propose can reliably and quantify objectively DVT volume from pelvis to the calf.
Protocol (read by voice talent at JoVE):

2. Image Acquisition and MRI Protocol
2.1. TEXT ON WHITE BACKGROUND: This study was approved by the local institutional review boards at all participating center4. All subjects in the multicenter trial provided written informed consent to participate in eTRIS at their respective institutions [2.1.1-TXT]. 
2.1.1. TEXT of the above statement

2.2. After preparing the subject according to the text protocol [2.1.2-WIDE], place an intravenous line in their antecubital vein for the injection of the contrast agent [2.2.2-MED/CU]. Measure creatine clearance [2.4.5-MED/CU] and perform bilateral imaging of both legs and lower pelvis according to the text protocol [2.4.6-WIDE/MED]. 

2.2.1. Talent finishes preparing subject procedure

2.2.2. Film as written
2.2.3. Film as written

2.3. Place the subject in a supine, feet first position in the MRI machine [2.3.1-WIDE/MED] and using Velcro straps if needed, position the appropriate coils on the regions to be scanned [2.3.2-MED/CU].
2.3.1. WIDE Talent places subject into supine, feet first position in MRI

2.3.2. Film as written
2.4. Next, turn on the centering laser [2.4.1-MED//CU] and move the table until the laser crossbeams are located just below the subject’s knees [2.4.2-MED].  Accept this position for the iso-center of the scan [2.4.3-MED/CU] and move the patient table to the center position of the scanner bore [2.4.4-WIDE/MED].  
2.4.1. Film as written
2.4.2. Film as written; Videographer, have talent point out where the laser crossbeams will appear in relation to the subject’s knees; Editor, point this out
2.4.3. Talent accepts this position on the computer/screen

2.4.4. Film as written

2.4.5. [moved] Film as written
2.4.6. [moved] Film as written; Videographer, have talent looking at imaging and subject in view if possible
2.5. Execute the imaging protocol from the scanner console by selecting each protocol step from the protocol window and dragging it to the execution list [2.5.1-MED/CU].  Once ready, run the sequence by pressing Scan/Execute or equivalent button [2.5.2-MED/CU]. (lab media section 2.1 to 2.3 can be used here)
2.5.1. Talent selects protocol steps from protocol window and drags to execution list
2.5.2. [combined with 2.5.1] Talent presses Scan or Execute to run the sequence
2.6. After acquiring 2D gradient echo according to the text protocol [2.6.1-LM], to distinguish between acute and chronic venuous thrombosis, acquire T1W direct thrombus imaging, or DTH and 3D gradient echo, or GRE sequences [2.6.2-SCREEN/LM] using parameters in this table [2.6.3-LM].
2.6.1. LAB MEDIA Figure 5, Editor, zoom out out on this image with ‘acquire T1W,,,’ and bring in Figure 6 below
2.6.2. LAB MEDIA Figure 6, the right half with the DTHI panels
2.6.3. LAB MEDIA Table 1, Editor, use this as a split screen with 2.6.2 when mentioned

2.7. Administer the contrast agent intravenously into the subject at a dose of  0.03 mmol/kg and a rate of 2 ml/second [2.7.1-LM-TXT] and use 20 ml of saline to flush [2.7.2-LM].  Let the contrast agent circulate for 5 minutes to ensure a steady state in the blood pool [2.7.3-MED/CU].
2.7.1. LAB MEDIA Image of talent administering contrast agent; (TEXT: gadofosveset trisodium); Authors will provide This was filmed.
2.7.2. LAB MEDIA Image of talent using saline to flush; Authors will provide This was filmed
2.7.3. Shot of subject and IV line as ‘contrast agent’ is allowed to circulate

2.8. Acquire MRV images and post contrast 3D gradient echo sequences at 3 locations [2.8.1-LM] using the sequence parameters in these tables [2.8.2-LM].
2.8.1. LAB MEDIA Figure 6 MRV panels on the left 

2.8.2. LAB MEDIA Tables 1 and 2, Editor, bring in table 1 next to Figure 6 and then zoom out on it and bring in table 2 
2.9. After the scan is completed, remove the subject from the MRI scanner [2.9.1-WIDE] and take out the intravenous line [2.9.2-MED/CU].  Ask the subject to change out of their gown and exit the facility [2.9.3-WIDE/MED].
2.9.1. Film as written

2.9.2. Film as written

2.9.3. Film as written

3. Image Analysis (Editor, use Media Step 3.mov for this section unless otherwise noted.) Additional lab media for these sections is also provided.
3.1. To carry out image analysis, have a trained image analyst running an FDA-approved open source image processing software such as OsiriX MD [3.1.1-MED OVER SHOULDER].
3.1.1. Talent opening software on computer
3.2. Load all DICOM images from both MRI visits of a subject into the image processing software by selecting ‘import’ [3.2.1-SCREEN/LM] and compare the two imaging time-points of the MRV series for each subject to ensure adequate spatial coverage and registration across time points [3.2.2-SCREEN/LM].

3.2.1. LAB MEDIA Talent imports images

3.2.2. LAB MEDIA Talent compares two imaging time points of MRV series; [through 00:00:31] 
3.3. Select the ‘3D MPR’ tool in the viewer to provide simultaneous browsing of image data in three orthogonal views [3.3.1-SCREEN/LM-TXT].

3.3.1. LAB MEDIA Talent selects 3D MPR and demonstrates browsing in three orthogonal views (TEXT: axial, coronal, sagittal) [00:00:31-00:01:06]
3.4. After identifying vessels with deep vein thrombosis, or DVT, establish the position of the thrombus in the three dimensional space [3.4.1-SCREEN/LM].  From the curved MPR plane, a 3D Bezier path will be displayed [3.4.2-SCREEN/LM].
3.4.1. LAB MEDIA Vessels with DVT and talent establishes position of thrombus in 3D space, red dot will appear
3.4.2. LAB MEDIA 3D Bezier path displayed [00:01:06-00:01:34]
3.5. In ‘Creation Mode’, delineate the centerline of the vein by selecting the ‘Contour Path’ tool [3.5.1-SCREEN/LM].  Place points repeatedly on any of the orthogonal MPR views to straighten the entire vessel of interest [3.5.2-SCREEN/LM].
3.5.1. LAB MEDIA Talent selects Contour Path tool (at top left), Editor, ‘Creation mode’ is checked at the top, point this out. 
3.5.2. LAB MEDIA Talent places points to straighten the vessel of interest; Editor, this section may take some time and will need to be sped up [00:01:34-00:03:20] 
3.6. In ‘Editing mode,’ make adjustments when necessary to ensure that the vessel is entirely straightened [3.6.1-SCREEN/LM].  When the contour path is accurately delineated at the centerline of the vessel, save the file by selecting the ‘curved path’ icon and export the file [3.6.2-SCREEN/LM].
3.6.1. LAB MEDIA Talent makes adjustments to ensure vessel is straightened [00:03:20-00:05:32]
3.6.2. LAB MEDIA Talent saves file by selecting curved path icon and exports [00:05:32-00:06:48]
3.7. Generate 1mm axial slices perpendicular to the curved path and save as DICOM.  Observe the curved path, straightened vessel, and corresponding axial images for quantifying DVT from MRV images [3.7.1-SCREEN/LM].
3.7.1. LAB MEDIA Talent generates axial slices [00:06:48-00:07:32]
3.8. On the axial DICOM images, use the ‘Closed Polygon ROI’ tool to manually segment regions of interest encompassing the thrombus [3.8.1-LM].  

3.8.1. LAB MEDIA Talent manually segments regions of interest encompassing thrombus [00:07:32-00:08:01]
3.9. After saving ROIs and ROI metrics according to the text protocol, on the axial pre-contrast images, compute the volume of fresh thrombus by manually drawing regions of interest [3.10.1-LM].  DVT measured by DTHI in conjunction with the MRV images will be depicted as shown here [3.10.2-LM].  

3.9.1. LAB MEDIA Figure 5b and c

3.9.2. LAB MEDIA Figure 6, Editor, bring in the DTHI images and then the corresponding MRV images one at a time
4. Results: Reproducibility of MRI Protocol to Measure Deep Vein Thrombosis 
4.1. As shown here, for MRV thrombus volume measurements, the intra- and inter-reader variability by intra-class correlation coefficients was 0.98 and 0.96, respectively.  Bland-Altman analysis also showed no bias for both intra-and inter-observer assessments.

4.1.1. LAB MEDIA Figure 7a and 8a, Editor, bring in these panels one next to the other for the first sentence.

4.1.2. LAB MEDIA Figure 7b and 8b, Editor, bring in these panels under 7a and 8a with the last sentence

4.2. DTHI derived thrombus volume intra- and inter-reader variability by intra-class correlation coefficients were 0.88 and 0.95, respectively.  Bland Altman analysis showed no bias for intra-observer assessments; however, as demonstrated here, there was a significant bias observed for inter-observer variability.  This indicates poorer reproducibility for the volumes measured by DTHI compared to MRV.

4.2.1. LAB MEDIA 7c and 8c, Editor, bring in these two panels first, and then 7d and 8d underneath them. 

4.2.2. LAB MEDIA 7d and 8d, Editor, for ‘no bias for intra-observer…’ point out the group of diamonds mostly between 0 and 10 in 7d.  For ‘there was a significant bias observed…’ point out the more spread out diamonds in 8d.
5. Conclusion (said by authors on camera) (Editor, authors want to add in a short segment during one of the following statements.)
5.1. FAYAD MANI: This form of image acquisition using the protocol described here has never been done in a clinical trial setting before.

5.2. TAOULI: The image acquisition steps we propose are simple yet robust and are independent of scanner operator skill thereby improving the robustness of the acquisition.

5.3. MANI: While attempting this procedure, it’s important to remember to position the patient correctly on the imaging Table.
5.4. ALIE: Once mastered, this analysis technique can be done in 30 minutes per case if it is performed properly.

       ADD LAB media 5.4 in this section
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.

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
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