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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)____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 by their protocol number. ___3.2.4 ; 3.3 ; 3.4 ; 3.6 ; 3.8___________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.___3.4 ________________

E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? Due to conference room availability, we can only have space from 10:30 to 16:30.  Space in our lab is available from 07:00 to 10:30, but we may have to move equipment (an ultrasound, exam table) from the lab to the auditorium

1. Introduction (Schematic Overview and Interview)

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

The overall goal of this procedure is to measure endothelium-dependent flow-mediated vasodilation in the human brachial artery. (Intro)
This is accomplished by first preparing the subject. (P1)
The second step is to measure the cross-sectional diameter of the brachial artery with B-Mode ultrasound. (P2)
Next, the brachial artery is occluded for five minutes. (P3)
The final step is to release the cuff and measure the mean arterial velocity from Doppler spectral waveforms.  (P4)
Ultimately, ultrasound assessment of endothelium-dependent, flow-mediated vasodilation of the brachial artery is used to show the percent increase in intima-intima diameter. (P5)
P1: reuse 2.4.2 or 2.4.3

P2: reuse 2.10.2
P3: reuse 3.1.1
P4: reuse 4.1.3
P5: LAB MEDIA: figure 3 and 4
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Christopher Owens: This method can help answer key questions in the field of vascular surgery research, such as the effects of an intervention or risk-stratification within a study population.  

1.2. Warren Gasper: Generally, individuals new to this method will struggle because the technique demands fine motor control, the ability to visualize the underlying anatomy, and optimize ultrasound images.
1.3. Hugh Alley: Visual demonstration of this method is critical as the imaging steps after cuff release are difficult to learn.  Moving the probe from a lateral to a longitudinal orientation while maintaining the region of interest takes practice.  A visual demonstration of how an experienced technician performs the technique will help you achieve proficiency faster.   

Protocol (read by voice talent at JoVE):

2. Subject Preparation and Baseline Measurements
2.1. To begin, set up an EKG gated image capture system to record and analyze flow-mediated vasodilation.
2.1.1. WIDE: Talent approaches image capture system

2.1.2. MED: Talent sets up image capture system

2.2. Conduct the exam in a quiet, darkened room. When conducting longitudinal studies, hold repeat exams at the same time of day. 
2.2.1. WIDE: Talent enters exam room
2.2.2. MED: Talent sits or addresses subject 
2.3. When ready to begin, confirm that participants have fasted and avoided exercise for eight hours before the exam.  In addition, make sure that they have avoided caffeine or nicotine for at least four hours and avoided medications affecting vascular tone or cardiac output for four half-lives.
2.3.1. MED: Talent speaks with participant 
2.3.2. MED: Talent continues to collect information for participant

2.4. Ask the subject to lie supine on an exam table. Attach a 3-lead EKG in a standard position. Address any orthopedic issues to ensure the subject will be comfortable and refrain from movement during the exam.
2.4.1. MED: Talent instructs subject to lie on table
2.4.2. MED: Talent attaches EKG
2.4.3. MED: Talent arranges subject in comfortable position

2.5. Allow the subject to rest for 10 minutes before the start of the exam. After 5 minutes rest, measure the subject's blood pressure by an oscillometric, non-invasive blood-pressure monitor.
2.5.1. MED: Shot of subject resting quietly

2.5.2. MED: Talent measures subjects blood pressure

2.6. Next, apply a 5 cm tourniquet cuff in either a proximal or distal position to demonstrate the upper arm technique.
2.6.1. MED: Talent applies cuff

2.7. Extend the subject’s arm laterally and maintain it at the level of the heart. 
2.7.1. MED: Talent arranges subject’s arm in the correct position
2.8. It is important to maintain the arm holding the probe in a position that resists fatigue and provides support for the wrist. Try to minimize extension of the wrist and keep the forearm in the anatomic neutral position.
2.8.1. MED: Talent places their arm in comfortable position
2.8.2. MED: Shot of Talent’s arm from another angle, focusing on the position of the wrist and forearm
2.9. Conduct a cross-sectional scan of the brachial artery, beginning at the insertion of the bicep and proceeding proximally. Use color flow imaging to verify the brachial artery and to locate collateral vessels that may serve as landmarks.
2.9.1. MED: Talent scans artery
2.9.2. MED: Shot of the image while Talent scans artery
2.10. When a suitable position is found, rotate the probe 90° so that the proximal edge appears on the left of the ultrasound screen. A delicate touch and practice are required to maintain the correct position on the artery. 
2.10.1. MED: Talent rotates probe

2.10.2. CU: A different angle of the probe in the correct position
2.11. Verify the orientation by pushing the tissue near the distal edge. Mark the subject’s skin along the distal edge of the probe when the correct position is found.
2.11.1. CU: Talent pushes tissue near edge
2.11.2. CU: Talent marks skin
2.12. Next, align the focus setting of the probe with the deep or “far” wall of the brachial artery to improve lateral resolution of the image. Adjust the probe settings to a higher frequency to increase axial resolution.
2.12.1. MED: Talent aligns the focus setting of the probe

2.12.2. MED: Talent adjusts probe settings
2.13. Adjust the angle of the probe to optimize contrast resolution of both the near and the far walls. Small changes to the angle can result in improved contrast. Estimate the angle with a simple protractor for repeated testing.
2.13.1. MED: Talent adjusts angle of probe

2.13.2. MED: Over the shoulder, Talent views image as they adjust probe

2.13.3. MED: Talent estimates angle with protractor 
2.14. To ensure quality measurements, ensure that the vessel is horizontal and aligned with the longitudinal axis. Make small changes in pressure to help align the artery. Overall, keep pressure light to help prevent operator fatigue.
2.14.1. CU: Talent makes sure vessel is in the proper alignment
2.14.2. CU: Talent adjusts pressure
2.14.3. MED: Side shot of Talent applying appropriate pressure
2.15. When optimized, ensure that the “Double Lines of Pignoli” can be seen in both walls, corresponding to the intima-media thickness. Use gain adjustments to reduce echo in the vessel lumen. Allow at least 2 cm of intima-media thickness on both sides for accurate diameter measurements.
2.15.1. MED: Talent views the “double lines of Pignoli”
2.15.2. MED: Talent modifies gain adjustments

2.15.3. MED: Talent adjusts until 2cm of inta-media thickness is achieved 
2.16. Record the baseline velocity using 2D Doppler mode. Place the sample gates in the middle of the lumen and maintain an insonation angle of 60°. Finally, collect sixty seconds of data.
2.16.1. MED: Talent records using 2D Doppler mode

2.16.2. MED: Talent places the samples gates and maintains a 60 degree angle
2.16.3. MED: Talent records data
3. Occlusion Phase

3.1. When ready, inflate the cuff to 50 mm Hg above the subject’s systolic blood pressure. Since a 5 cm tourniquet cuff will overestimate the systolic pressure, use the 2D Doppler mode to verify occlusion.
3.1.1. MED: Talent inflates the cuff

3.1.2. MED: Talent verifies occlusion using 2D Doppler mode
3.2. Use a timer to track the duration of occlusion as many blood pressure cuffs will slowly lose pressure over five minutes. 
3.2.1. MED: Talent views timer

3.3. After 4:30 of occlusion, place the 2D-Doppler gate slightly superficial to the longitudinal axis of the artery. Adjust the vertical scale to account for velocities 2-3x higher than baseline.
3.3.1. MED: Talent places 2D Doppler gate along artery
3.3.2. MED: Talent adjusts the vertical scale
3.4. Next, adjust the settings on the image capture software for 3:10 of recording.
3.4.1. MED: Talent adjusts settings on image capture software
3.5. Begin recording 10 sec before cuff release to capture the time of cuff release, an important parameter when measuring time to peak diameter during data analysis.
3.5.1. MED: Talent begins recording

3.5.2. MED: Shot of subject during recording
4. Hyperemia

4.1. At the correct time, release the cuff. As the artery may shift superficially after cuff release, make small changes to the probe's position while listening for amplification of the sound to help compensate for the shift. Reposition the Doppler sample gate and insonation angle if the artery shifts. 
4.1.1. MED: Talent releases cuff

4.1.2. MED: Talent adjusts the probe after cuff release

4.1.3. MED: Shot of the image during recording 

4.1.4. MED: Talent repositions the Doppler sample gate
4.2. After 30 seconds of velocity recording, switch the ultrasound to B-Mode.
4.2.1. MED: Talent switches to B-mode
4.3. Since it is common for the probe to slide proximally during an exam, use vessel landmarks or the marking on the subjects' skin to verify probe position. This phase of the exam is critical for obtaining accurate results. 
4.3.1. MED: Talent readjusts the probe, using landmarks

4.3.2. CU: Talent points to a landmark while readjusting probe
4.4. Adjust the probe position or angle to optimize the IMT on both walls as small changes can substantially improve the image. Record the diameter for three minutes.
4.4.1. MED: Shot of the image as Talent adjusts the probe
4.4.2. CU: Talent manipulates probe

4.4.3. MED: Shot of the image during recording
4.5. If repeat measurements are planned, use the marking on the subject's skin to record distance from the antecubital fossa. Ask the subject to bend their arm 90° and mark the crease. Measure from this line to the line made earlier.
4.5.1. [4.5.1-4.5.3 combined] MED: Talent marks subject’s arm

4.5.2. MED: Talent marks subject’s bent arm
4.5.3. MED: Talent measures between the lines One solo take was done for 4.5.2 and 4.5.3 plus a W/S was done of the whole action for cutting purposes if needed.
5. Results: Flow-Mediated Vasodilation
5.1. The Doppler Spectral waveform shown here was obtained at Baseline. The arrows indicate the extent of one cardiac cycle which forms the basis for calculating mean arterial velocity.

5.1.1. LAB MEDIA: Figure 1, text overlay “Doppler Spectral Waveform” and then circle the arrows
5.2. Shown here is a B-mode image of the Baseline vessel diameter. The arrows indicate the location where the intima-intima distance, the basis for the lumen diameter, was measured.

5.2.1. LAB MEDIA: Figure 2, text overlay “B-mode” and then circle the arrows
5.3. This example was obtained immediately after cuff release in the Reactive Hyperemia phase. The yellow arrow indicates the moment of cuff release. Waveforms obtained in the first five seconds after cuff release are used to calculate the Reactive Hyperemia Velocity.
5.3.1. LAB MEDIA: Figure 3, text overlay “Reactive Hyperemia” and then circle the arrow and label “cuff release”
5.4. This B-mode image was obtained 60 seconds after cuff release during the Reactive Hyperemia phase. Like the Baseline diameter, the intima-intima distance is used to calculate Reactive Hyperemia Diameter.
5.4.1. LAB MEDIA: Figure 4, text overlay “Reactive Hyperemia” and then circle the arrow
6. Conclusion (said by authors on camera)

6.1. Hugh Alley: Once mastered, this technique can be done in 25 minutes if it is performed properly.

6.2. Warren Gasper: Following this procedure, other methods like arterial pulse wave velocity measurement or pulse wave analysis can be performed in order to answer additional questions about arterial distensibility.

6.3. Christopher Owens: After watching this video, you should have a good understanding of how to perform brachial artery flow-mediated vasodilation.  The method follows current guidelines and can be performed with either upper arm or forearm occlusion.  The technique we’ve described can be adapted to endothelium independent vasodilation with sublingual nitroglycerin.
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.
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