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Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  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. Please upload all screen captured video files to your project page as soon as reasonably possible.

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 15


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Datta Singh Goolaub: Fetal MRI faces several challenges. This protocol addresses the issues of fetal motion, high spatial and temporal resolution requirements, and lack of external gating methods [1].

1.1.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Datta Singh Goolaub: This technique makes use of accelerated imaging through compressed sensing, which reduces imaging time, retrospectively corrects for fetal motion, and allows extraction of the fetal heart rate using metric optimized gating [1].

1.2.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 
1.3. Datta Singh Goolaub: Currently, this technique is only for research. However, it has the potential for the monitoring of and therapy guidance for fetal pathologies such as congenital heart disease and intrauterine growth restriction [1].

1.3.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics Title Card

1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at The Hospital for Sick Children.


Protocol
2. Subject Positioning and Localizer Exams

2.1. After assisting the mother in an appropriate comfortable position on the MRI table [1-TXT], set the instrument to run a localizer exam to locate the fetal body at a 0.9- x 0.9- x 10-cubic centimeter resolution, an echo time of 5 milliseconds, a repetition time of 15 milliseconds, a field of view of 450- x 450-square millimeter, and 6 slices [2].

2.1.1. WIDE: Talent assisting/mother getting into position Authors: Can film “mother” from behind to avoid pregnancy observation if no pregnant mother available TEXT: e.g., supine or lateral decubitus positions
2.1.2. SCREEN: To be provided by Authors: Localizer exam parameters being set

2.2. Next, set the parameters for running a refined localizer exam to locate the fetal vasculature with the slice group centered on the fetal heart at a 1.1- x 1.1- x 6-cubic millimeter resolution, echo time of 2.69 milliseconds, repetition time of 1335.4 milliseconds, a field of view of 350- x 350-square millimeters, 10 slices, and an axial to fetus orientation [1].

2.2.1. SCREEN: To be provided by Authors: Refined localizer exam parameters being set

2.3. Then repeat the refined localizers with sagittal and coronal orientations to obtain a clearer view of the fetal vessels [1-TXT].

2.3.1. SCREEN: To be provided by Authors: Sagittal or coronal orientation refined localizer exam being run TEXT: Repeat in cases of gross fetal motion

3. Fetal Blood Flow Data Acquisition

3.1. To measure the fetal blood blow, after locating the fetal vessels using the localizer exams [1], identify the vessels of interest. For example, the descending aorta is a long straight vessel near the spine in the sagittal planes [2].

3.1.1. WIDE: Talent at computer, locating vessels
3.1.2. SCREEN: To be provided by Authors: Shot of descending aorta Video Editor: please emphasize descending aorta (and spine?) when mentioned 

3.2. The ascending aorta and main pulmonary arteries can be identified as vessels leaving the left and right ventricles, respectively [1].

3.2.1. SCREEN: To be provided by Authors: Shot of ascending aorta and main pulmonary arteries Video Editor: please emphasize ascending aorta and main pulmonary arteries (and left and right ventricles?) when mentioned 

3.3. The ductus arteriosus can be tracked as a downstream segment of the main pulmonary artery proximal to the descending aorta [1].

3.3.1. SCREEN: To be provided by Authors: Shot of ductus arteriosus Video Editor: please emphasize ductus arteriosus (and descending aorta?) when mentioned 

3.4. The superior vena cava can be identified from axial planes near the base of the fetal heart as the vessel adjacent to the ascending aorta [1].

3.4.1. SCREEN: To be provided by Authors: Shot of superior vena cava Video Editor: please emphasize superior vena cava (and fetal heart and/or ascending aorta?) when mentioned 

3.5. Prescribe a slice perpendicular to the axis of the fetal vessel of interest and rotate and move the slice guideline on the MRI console such that the slice intersects the target vessel perpendicularly [1].

3.5.1. SCREEN: To be provided by Authors: Slice being prescribed and rotated/moved to intersect target vessel

3.6. Set the scan parameters to a radial phase contrast MRI acquisition, a 1.3- x 1.3- x 5-cubic millimeter resolution, echo time of 3.25 milliseconds, resolution time of 5.75 milliseconds, field-of-view of 240- x 240-square millimeters, 1 slice, 100-150 centimeter/second velocity encoding according to vessel of interest, through plane, radial views velocity encoding direction, and 1500 per encode, free breathing [1].

3.6.1. SCREEN: To be provided by Authors: Scan parameters being set

3.7. After running the scan, verify the prescription based on the initial time-averaged reconstruction performed and displayed on the MRI console [1-TXT].

3.7.1. SCREEN: To be provided by Authors: Scan being run, then reconstruction being verified TEXT: Repeat for each target blood vessel and if target vessel absent or identifiable 

4. Fetal CINE Flow Measurement 

4.1. After reconstructing fetal flow CINEs, load the reconstructed data files into an appropriate flow analysis software program [1-TXT] and draw a region of interest encompassing the lumen of the blood vessel of interest in the anatomical and velocity sensitive images [2].

4.1.1. WIDE: Talent loading file(s) into software, with monitor visible in frame TEXT: See text for CINE reconstruction details
4.1.2. SCREEN: To be provided by Authors: ROI being drawn

4.2. Propagate the region of interest to all of the cardiac phases and correct for changes in the vessel’s diameter. Then record flow measurements within each region of interest [1].

4.2.1. SCREEN: To be provided by Authors: ROI being copied onto next phase, ROI being adjusted, flow measurement being recorded







Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
n/a

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
3.7. The fetus can be too active such that motion correction will not work. It is important to check the time average reconstruction quality. If it is highly corrupted with motion artifacts, the scan must be repeated.


Results
5. [bookmark: _Hlk27388131]Results: Representative Displacement and Heart Rate Curves and Velocity Sensitive CINE Reconstructions at Peak Systole

5.1. In this representative analysis [1], the extracted motion parameters for Fetus 1 [2] and Fetus 2 depict the motion of the descending aorta over the duration of the scan [3].

5.1.1. LAB MEDIA: Figure 2A
5.1.2. LAB MEDIA: Figure 2A Video Editor: please emphasize Figure 2A1
5.1.3. LAB MEDIA: Figure 2A Video Editor: please emphasize Figure 2A2

5.2. Here the shared mutual information of each real-time frame [1] with all of the other co-registered frames for Fetus 1 [2] and Fetus 2 can be observed [3].

5.2.1. LAB MEDIA: Figure 2B
5.2.2. LAB MEDIA: Figure 2B Video Editor: please emphasize Figure 2B1
5.2.3. LAB MEDIA: Figure 2B Video Editor: please emphasize Figure 2B2

5.3. The second real-time reconstructions, used to derive the cardiac gating information, took 10 minutes per slice [1] and the fetal heartbeat intervals were derived by metric optimized gating using a multiparameter model as demonstrated [2].

5.3.1. LAB MEDIA: Figure 2C
5.3.2. LAB MEDIA: Figure 2C Video Editor: please emphasize data lines in both graphs

5.4. Final CINE reconstructions using the retrospectively motion-corrected and gated data took 3 minutes per slice [1] and allowed the generation of anatomical [2] and velocity reconstructions for the fetuses at peak systole [3].

5.4.1. LAB MEDIA: Figure 3
5.4.2. LAB MEDIA: Figure 3 Video Editor: please emphasize Anatomy image columns
5.4.3. LAB MEDIA: Figure 3 Video Editor: please emphasize Velocity image columns

5.5. Reconstructions with motion correction show vessels with sharper walls [1]. Without motion correction, the descending aorta is blurrier and less conspicuous [2].

5.5.1. LAB MEDIA: Figure 3 Video Editor: please add/emphasize red arrows in With Motion Correction images
5.5.2. LAB MEDIA: Figure 3 Video Editor: please add/emphasize blue arrows in Without Motion Correction images

5.6. The measured flow curves from each fetus [1] revealed higher peak and mean flows in the reconstructions without motion correction [2] than in those with motion correction [3].

5.6.1. LAB MEDIA: Figure 4
5.6.2. LAB MEDIA: Figure 4 Video Editor: please emphasize dotted line peaks in both graphs
5.6.3. LAB MEDIA: Figure 4 Video Editor: please emphasize solid line peaks in both graphs




Conclusion
6. Conclusion Interview Statements
6.1. Datta Singh Goolaub: Relaxometry scans can be performed to measure the fetal blood oxygen level, allowing estimation of the oxygen delivery. Anatomical scans can be performed to study the fetal cardiac or brain morphology [1].
6.1.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
6.2. Datta Singh Goolaub: The technique is being used to study blood distribution in fetal pathologies. An extension of this method has allowed multidimensional fetal flow visualisation and measurement in our lab [1].
6.2.1. LAB MEDIA: To be provided by Authors: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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