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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) _________ If yes, please list make and model of your microscope: _Nikon Eclipse TE2000-S
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? 2.2-2.9, 2.17-2.19, 3.4-3.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The flow-mediated dilation measurements.  To ensure success, the operator must have extensive training and repetitions to become proficient. 
1. Introduction (Schematic Overview and Interview)

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

The overall goal of the following experiment is to assess vascular function in patients with chronic kidney disease. (Intro)
This is achieved by first collecting vascular endothelial cells from patients. (P1)
Aortic pulse-wave velocity is then assessed to measure large-elastic artery stiffness. (P2)  

Next, brachial artery flow-mediated dilation is measured in order to assess vascular endothelial function. (P3)
Ultimately, results can be obtained that characterize vascular endothelial function. (P4)
P1: reuse 2.4.1
P2: reuse 3.6.1 or LAB MEDIA: figure 2
P3: reuse 3.11.3 or LAB MEDIA: figure1
P4: reuse 4.2.1 or LAB MEDIA: figure 3
Below is an example for flow mediated dilation (Figure 1), followed by an example for aortic pulse wave velocity (aPWV) (Figure 2), both figures were included in the original manuscript.

[image: image1.png]495
4384
4718
4602

443

“0~03 -0

437

2

41

61

101

121

141




[image: image2.png]Pressure (mm Hg)

Carotid
250
ms mmHg
Tfoot 82 7
T 139 126
Tmax 211 136
200 Tes 297 109
AIPP 16 60
DPWV 72
150 4
Score: 1
100
50 -
Mar 08, 2013 12:21:57
o T T T T T
o 200 400 €00 800 1000 1200

Time (ms)

Pressure (mm Hg)

Femoral
250

ms mmHg

Tfoot 126 78

Ti 172 132

Tmax 140 133

200 4 Tes 205 111

AVPP -2 57

D/PWV 584 1163.6

100+ Score: 1
100
50

-4.0 min

0 T T T T T
0 200 400 600 800 1000 1200

Time (ms)




B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Emily Decker: This method can help answer key questions in the vascular field, such as what happens at the cellular level to the expression of various proteins.  
1.2. Kristen Jablonski: Generally, individuals new to this method will struggle because extensive practice and training is required to master ultrasound imaging. 
1.3. Diana Jalal: Demonstrating the procedure will be Loni Perrenoud a research assistant from my laboratory. 
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Collection and Processing of Vascular Endothelial Cells
2.0.
To begin, prepare the site with topical antiseptic.

      2.0.0   MED: Talent prepares site.

2.1. [moved] A trained nurse or physician should place an i.v. and attach a heplock adapter.
2.1.1. WIDE: A trained nurse finishes place an iv with heplock adaptor
2.2. Next, place sterile fenestrated drapes over the site.
2.2.1. MED: Talent prepares site
2.2.2. MED: Talent places sterile drapes
2.1
[moved] A trained nurse or physician should place an i.v. and attach a heplock adapter.

2.1.1 WIDE: A trained nurse finishes place an iv with heplock adaptor
2.3. Place 2 J-wires on the drapes.  To uncoil the “J” shape, pull the arc of the “J” on both wires.
2.3.1. MED: Talent places J-wires on drapes
2.3.2. MED: Talent uncoils a J wire
2.4. Once uncoiled, uncap the heplock and feed the J-wire into the vein approximately 8 cm.  Push the wire back and forth several times before removing to avoid accumulating too much blood on the wire. 
2.4.1. [2.4.1 to 2.5.2 all one shot] MED: Talent feeds wire into vein
2.4.2. MED: Talent pushes the wire back and forth before removing
2.5. Next, use wire cutters to snip the wires so that they fit in a 50 mL conical tube containing ~30 mLs of dissociation buffer.
2.5.1. MED/CU: Talent cuts the wire to the correct length
2.5.2. MED: Talent places wire in tube
2.6.  Repeat these steps for the second wire.
2.6.1. MED: Talent processes the second wire
2.7. When sample collection is complete, return to the wet laboratory.
2.7.1. MED: Talent walks into the wet laboratory
NEW LOCATION
2.8. Clasp the wires with a pair of forceps and hold them inside of the tube, but above the solution. For 10 minutes, use a motorized pipetter to rinse the wires with dissociation buffer from the tube.  Release the buffer so that it runs down the length of the wires, and shake off excess fluid into the tube.
2.8.1. CU: Talent grasps wires as described
2.8.2. CU: Talent rinses wires
2.8.3. CU: Talent shakes off excess fluid
2.9. Remove the wires and centrifuge the sample to pellet.  
2.9.1. A.MED: Talent approaches centrifuge, places tubes inside, adjusts settings, closes centrifuge and/or walks away, multiple shots/angles, repeated. 
2.10. Retrieve the samples and resuspend the pellet in PBS before centrifuging for an additional five minutes.
2.10.1.  MED: Talent resuspends pellet [do not use Take 2] 
2.10.2. Reuse shot 2.9.1.B Text overlay (400 x g  at 4 (C).
2.11. Afterwards, use a pipette tip on the end of a suction hose to leave ~2 mLs in the tube.  Vacuum off the rest without disturbing the pellet.  
2.11.1. MED: Talent suctions of supernatant

2.11.2. CU: Talent removes the last of the PBS without disturbing pellet
2.12. Resuspend the pellet and pipette the sample evenly into the oval areas of 8 previously labeled slides.  
2.12.1. MED: Talent places sample onto labeled slide
2.12.2. CU: Talent pipettes sample onto slide
2.13. Place the slides in the incubator at 37 (C for 5 hours before storing at -80 (C until ready for analysis. 
2.13.1. MED: Talent places slides in incubator
Initial location
3. Assessment of FMDBA and aPWV
Notes: 
We need the editor to dim the lighting in the room on film.

Please black out or blur the subject/patient face for all these shots. The operator’s face can be shown.
3.1. To begin, the subject should change into disposable shorts and lie supine in a quiet, dim, climate-controlled room.  
3.1.1. WIDE: Shot of subject wearing disposable shorts and lying in the correct position
3.2. When ready to begin, position the electrodes for the ultrasound and arterial stiffness device.  Next, place the blood pressure cuff on the subject. 
3.2.1. MED: Talent places electrodes. Text overlay (Non-Invasive Hemodynamic Workstation [NIHem])
3.2.1.1 [added] CU: Talent places electrodes on the chest
3.2.2. MED: Talent places blood pressure cuff 
3.3. Begin the blood pressure readings after 20 minutes.  Repeat the readings until the measurements are within 5 mmHg, resting 2 min between each reading and performing at least three. 
3.3.1. MED: Over the shoulder, Talent begins blood pressure readings
3.3.2. MED/CU SCREEN: Shot of blood pressure readout
3.4. Next, palpate for the brachial artery pulse and place the tonometer to record brachial waveforms. 
3.4.1. CU: Talent palpates for the brachial pulse and places tonometer
3.4.2. MED and/or SCREEN: Talent starts the program for tonometry Brachial artery readout.
3.5. Repeat for the radial, femoral and carotid arteries.
3.5.1. MED: Talent repeats step for femoral radial artery
3.5.2. [added] SCREEN: Radial artery readout
3.5.3. [added] MED: Talent repeats step for femoral artery.
3.5.4. [added] SCREEN: Femoral artery readout
3.5.5. [added] MED: Talent repeats step for carotid artery. 
3.5.6. [added] SCREEN: carotid artery readout
3.6. Measure the distance to each of these sites from the supersternal notch using a tape measure for the brachial, radial and carotid arteries and custom ruler for the femoral.
3.6.1. MED: Talent measures distance using tape measure
3.6.2. MED WIDE: Talent measure femoral distance with ruler
3.7. Next, calculate the carotid-brachial, carotid-radial, and carotid-femoral pulse wave velocity using specialized software.
3.7.1. MED:  Over the shoulder, Talent calculates with software program
3.8. Place the forearm blood pressure cuff just distal to the olecranon process. Set the vascular software to trigger mode and record at least 10 cardiac cycles of baseline brachial artery ultrasound images and blood flow velocity measurements. 
3.8.1. MED: Talent places cuff
3.8.2. [added] MED: Talent positions ultrasound probe.
3.8.3. MED/SCREEN: Shot of software acquiring baseline FMD data

3.9. A mechanical arm can be used to steady the ultrasound probe if desired.
3.9.1. MED: Shot of the mechanical arm steadying the probe

3.10. Next, inflate the forearm blood pressure cuff to 250 mmHg and begin a timer.  Instruct the participant to remain very still.

3.10.1. MED: Talent inflates cuff and starts timer
3.10.1.1 
[added] CU: Alternate cuff inflating
3.10.2. MED: Talent instructs participant to remain still

3.11. Begin recording velocities when the timer reads 4:45.  Trigger release the cuff at 5:00 and change the ultrasound to record B-mode (diameter) images when the clock reads 5:10.  Continue recording until the clock reads 7:00. 
3.11.1. MED/SCREEN: Talent begins recording

3.11.2. MED: Talent releases cuff 
3.11.2.1.
[added] CU: Alternate cuff deflating
3.11.3. MED/SCREEN: Shot of velocity changing on screen FMD.
3.12. Next, take the subject’s blood pressure.  If systolic blood pressure is >100 mmHg, place 0.4 mg of sublingual nitroglycerin under the subject’s tongue and begin the timer.

3.12.1. MED: Talent takes participants blood pressure

3.12.2. MED: Talent gives nitroglycerin
3.12.2.1         [split shot] MED: and starts timer
3.13. Begin recording B-mode when the clock reads 3:00 and stop recording when the clock reads 8:00. 
3.13.1. MED: Over the shoulder of talent starting recording

3.13.2. MED/SCREEN: Example of the data recording Shot of Nitroglycerin 
NEW LOCATION
4. Imaging and Analysis of Vascular Endothelial Cell
4.1. To analyze the stained endothelial cells, a single-blinded experimenter should scan the slides systematically.

4.1.1. MED: Talent positions slide under microscope
4.2. Endothelial cells are identified by positive staining for VE Cadherin and nuclear integrity is confirmed by positive staining for DAPI. [Please add the following text over the included images: DAPI during SCREEN 4.2.1, VE-cadherin during SCREEN 4.2.2, Primary antibody during SCREEN 4.2.3]
4.2.1. SCOPE SCREEN: Example of VE cadherin DAPI staining
4.2.2. SCOPE SCREEN: Example of DAPI VE cadherin staining.

4.2.3. [added] SCREEN: Example of primary antibody.

4.3. A total of 30 cells per slide should be imaged for later analysis.  Repeat this process for each slide in the stained batch, including the HUVEC control slide.
4.3.2 [order switch] MED: Talent places another slide under scope
4.3.1
SCOPE SCREEN: An different example of stained HUVEC control cells [Here please add text overlay “HUVEC control”]
4.4. Qualitative software is used to analyze the intensity of the staining for the primary antibody of interest. 
4.4.1. MED: Over the shoulder, Talent uses software to analyze staining results

5. Results: Vascular Function in Patients with Chronic Kidney Disease
5.1. This image shows the baseline brachial artery diameter obtained during assessment of a patient with chronic kidney disease (5.1.1). After cuff release, for two minutes, this recording shows an R-wave gated change in diameter (5.1.2).
5.1.1. LAB MEDIA: Figure1, panel A, Text overlay “brachial artery flow-mediated dilation (FMDBA)”
5.1.2. LAB MEDIA: Figure1, panel B

5.2. These waveforms were obtained at each of the carotid and femoral arteries (5.2.1).  The difference in time and distance was used to calculate a report of aortic pulse-wave velocity (5.2.2).  
5.2.1. LAB MEDIA: Figure2, panel A and B, highlight “Carotid” and “ Femoral”

5.2.2. LAB MEDIA: Figure2, panel B, highlight the panel reporting the D/PWV value

5.3. Here, control and patient cells were analyzed for nuclear integrity with DAPI  (5.3.1), endothelial cell expression with VE Cadherin (5.3.2) and for the oxidant enzyme NADPH oxidase (5.3.3).
5.3.1. LAB MEDIA: Figure3, label panel A “Patient” and panel B “Control”, Label the top two panels “DAPI”
5.3.2. LAB MEDIA: Figure3, label the middle two panels “VE Cadherin”
5.3.3. LAB MEDIA: Figure3, Label the last two panels “NADPH oxidase”
6. Conclusion (said by authors on camera)

6.1. Kristen Jablonski: While attempting this procedure, it’s important to remember to obtain the highest quality ultrasound images, waveforms, and endothelial cell images possible, for accurate and quantitative assessment.

6.2. Emily Decker: Don't forget that working with human samples can be extremely hazardous and precautions such as wearing appropriate personal protective equipment should always be taken while performing this procedure.   

Provided Media

Authors, please list all additional* 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.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

Insert your media filenames here:
3.13 – 0224_ Jalal_ movie
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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