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Introduction to Brachial Artery Vascular Reactivity Test 
 
The brachial artery vascular reactivity test is designed to look at the function of the endothelium 
(the blood vessel lining) using high-resolution ultrasound. We are studying vascular reactivity in 
the Framingham Study to more fully understand the determinants and prognosis of endothelial 
function in the community. It is hoped that the test results will help predict incident and recurrent 
CVD.   For a more complete description of the specific aims please see appendix 7. 
 
The examination takes approximately 20 minutes: a few minutes for participant preparation,  
10-12 minutes of scanning time and a few additional minutes to enter information and complete 
forms at the end of the test.  
 
 
Equipment  
 Chattanooga Group, Inc. Triton Electric Hi-Lo Treatment Table 
 Height adjustable sonographer chair 
 Philips Medical Systems Agilent Sonos 5500 Ultrasound System, Model # M2424A  
 Sonos 5500 Monitor, Model # DR5815 
 Panasonic SVHS VCR Model # AG-MD835 
 Laptop computer for Tonometry and Brachial acquisition from Gary Mitchell, M.D., 

Cardiovascular Engineering, Inc., Holliston, Massachusetts 
 Gateway Computer.  ATX Tower, Model # GP6-450 (manufactured 10/14/98) 
 VX1100 19” Gateway Monitor 
 Acquisition software provided by Gary Mitchell, M.D., Cardiovascular  

Engineering Inc., Holliston, Massachusetts.   
 Analysis software from Medical Imaging Applications, Iowa City, Iowa, USA.  

 Brachial Analyzer 3.2.3 sp2 and Brachial Converter – FD 3.2.2 
 Hokanson E20 Automatic Rapid Cuff Inflator  - with foot pedal 
 Hokanson AG 101 Cuff Inflator Air Source 
 Pediatric Blood Pressure Cuff - for bBrachial artery (goes with Hokanson equipment) 
 For measuring Tonometry distances: Flexible measuring tape (Centimeter); Creative 

Health Products with cylinder at the end.  (800-742-4478) 
 Caliper for measuring femoral pulse distance; Cardiovascular Engineering, Inc. 

Holliston, Massachusetts 
 
 
Supplies 
 Transducer gel 
 ECG electrodes 
 CD disks  
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Examination & Data Cleaning Documentation Materials 
 Participant and Sonographer Worksheets 
 Participant ID tape labels 
 Log book 
 Log-In sheets  
 
Miscellaneous 
 Standard pillow - for participant 
 Hand and/or arm pillow support  - for sonographer 
 

 
Room setup for performing of brachial ultrasound test. 
 

Performing the Brachial Ultrasound Test 
 
A succinct protocol flow sheet is provided in appendix 4.  Below we will expand 
on the elements of performing the brachial artery test in a standard fashion. 
 

Initial Test Set Up 
 
In the waiting room the participant reads a set of instructions about the Non-Invasive 
Cardiovascular Testing Station tests (see appendix 1) and signs an informed consent form 
before arriving at the Brachial station. If not, have the participant read the instructions and sign 
the consent form before proceeding.  
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The sonographer asks the participant the questions on the Vascular Testing Participant 
Worksheet and fills out the worksheet. (see appendix 2).  The reverse side of this form, the 
Brachial Scan Sonographer Worksheet, is then used by sonographer to CD #, temperature in 
the testing room, etc. (see appendix 2 for exact items), and to enter information regarding the 
interpretation of the Brachial Scan.  
 
Acquisition.  Enter the participant ID#, Exam #, and Sonographer ID# in the Mitchell 
acquisition computer. Click on Brachial Reactivity. 
 
Labeling storage media, log in sheet & ultrasound system. The sonographer should also enter 
the participant ID # and name, exam date, sonographer ID#, comments, CD #, and miscellaneous 
information regarding interpretation and data management, on the Generation 3 Exam1 Log 
Book Sheet for Tonometry, Brachial and Echo Tests in the Log Book  (see appendix 3).  
Enter the participant ID# and name on the Sonos 5500 Ultrasound System. Put participant ID# 
and name label on the image CD disk. Save remaining participant labels for data CD disks. 
 
 
Verbally preparing the participant 
 
The sonographer then reviews the test with the participant to make sure he/she understands the 
procedure and to gain his/her cooperation (see appendix 1). Make sure to include specific details 
not mentioned in the participant description as follows (see also appendix 4 - FHS Brachial 
Vascular Reactivity Protocol Flowsheet): 
 
 Blood pressure will be taken on the left arm once before the scan with an automated blood 

pressure cuff using the NIHem system. 
 First we will take pictures of the right brachial artery, the blood vessel near your elbow. 
 Then the right arm BP cuff will be inflated above your blood pressure. 
 You may feel pins and needles or tingling of the right hand during inflation, as if the hand 

has “gone to sleep”. 
 The cuff is then deflated for a 2-minute deflation scan. 
 You will be asked to keep your right arm still and not to move your hand or fingers until I 

announce that the scan is completed. 
 I will announce each minute of the 8-minute scan, how many more minutes until deflation, 

i.e. “4 more minutes, 3 more minutes, “ etc. 
 
It is extremely important to let the participant know that the most critical images during 
the test are obtained immediately after the cuff is deflated to watch how the artery reacts 
after the cuff is released.  It should be emphasized that the participant not move his/her 
right arm and hand until sonographer announces that she is finished taking pictures. 
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Participant set up 
 
(See appendix 10, illustration 1, for station layout.)  The test is performed with the participant 
lying down with the head resting on one or two pillows. A blood pressure cuff (always pediatric 
size) is placed on the right forearm, 1-2 cm below the bend in the elbow. Attach this cuff to the 
automatic cuff inflator. The elbow should be slightly bent, palm facing down and fingers relaxed.  
A small pillow support for the sonographer’s hand may be placed next to the brachial artery, 
where he/she will hold the transducer. 
 
Four ECG leads are attached to the patient’s chest to allow visualization of the participant’s heart 
rhythm during the brachial artery scan. Two ECG leads are placed on participant’s chest, left 
side and right side, and two below the participant’s collarbones (clavicles), left side and right 
side. The amplitude should be sufficient to trigger the Rwave capture of frames for the computer. 
To adjust the amplitude, turn the (Sensi) knob located under ECG on the Sonos 5500. 
 
Before the sonographer starts the brachial scan, she has measured  the particpant’s blood 
pressure in the left brachial artery. The systolic blood pressure is recorded on the Brachial Scan 
Sonographer Worksheet. When the right arm blood pressure cuff is inflated, it will be inflated to 
a pressure of 200 mm Hg or 50 mm Hg higher than the systolic pressure – whichever is higher - 
or to a maximum of 250 mm Hg. The pressure is set on the Hokanson Automatic Rapid Cuff 
Inflator. 
 

 
Cuff location on lower arm and transducer placement on brachial artery. 
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Ergonomic Concerns 
 
A critical issue in designing and implementing the brachial ultrasound protocol is the ergonomic 
stress on the sonographer, particularly in research sites performing more than a few studies a 
day.  We have instituted the following measures to minimize ergonomic stress on the 
sonographer: 
 
 Try to lay out the equipment in the room to minimize the amount of reaching the 

sonographer has to do (see appendix 10, illustration 1). 
 Adjust chair and table height to minimize reaching and elevation of shoulders. 
 Arrange pillows, if desired, to support sonographer’s right forearm and elbow (the 

scanning arm). 
 The automatic BP cuff inflator is essential, so the sonographer can focus on the scanning 

and keeping the transducer still. 
 Only do 1-2 studies in a row. It is very important to get up, stretch and walk around for a 

few minutes between participants. 
 Neck, shoulder and back exercises throughout the day are essential. Roll shoulders,  

stretch upper trapezius, stretch rhomboids, stretch levator scapulae, and stretch the 
scalleni (neck muscles) to relieve tension. 

 
 
The Preliminary Scan 
 
Confirm that the Mitchell computer is ready for Brachial Reactivity acquisition. (For Brachial 
Acquisition Tools, see separate Manual.) 
 
Confirm that the Brachial Program has been selected on the Sonos 5500. Press Bmode on the 
right control panel to obtain 2-D images of the brachial artery. The sonographer puts ultrasound 
gel on the transducer and then places the transducer, orientaton point or point of reference 
pointing toward participant’s right shoulder, on the participant’s skin surface at an area 2 – 9 cm 
(ideal is 3.5-5.5 cm) proximal to the elbow crease, to perform the preliminary scan of the right 
brachial artery. To verify that vessel is an artery and not a vein, she turns on the color and/or the 
PW Doppler and verifies pulsatile flow. 
 
To expand image on the screen, press Zoom on the right-hand control panel. DGC levels  
are adjusted until the image is optimal. Adjust Focus on the right control panel. 
 
As the sonographer starts the preliminary scan, she tries to obtain optimal quality images of the 
four principal boundaries in the artery wall: the media/adventitia boundaries (also referred to as 
the M-line) in the near border, and the media/adventitia boundaries on the far border. The 
brachial artery diameter measurements will be made between the M-line on the near border and 
the M-line on the far border. The sonographer then finds the long axis of the artery.  Aspects of 
an ideal image include: 
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 The artery lies horizontal on the screen. 
 The artery is vertically centered on the screen. 
 The straightest segment of the artery is visualized. 
 A clear media adventia hypoechoic line – the ‘M-line’ is well visualized on both the 

near and far walls over > 50% of the vessel length. 
 The lumen is sonolucent – i.e. without ‘schmutz’ & shadowing in the center of the 

lumen. 
 A readily identifiable landmark is well seen. 

 
The sonographer can adjust the transducer in four “basic” ways to improve the image: angling 
the transducer, rotating the transducer, “rocking” (toe/heel) the transducer, and applying more or 
less pressure with the transducer. The participant’s arm may also be repositioned if necessary to 
obtain higher quality images. Since these images need to be maintained for exactly 8 minutes 
during the test, the position should be comfortable for the sonographer as well. The pillow 
supports for the sonographer come in handy for this purpose.  
 
It is essential that optimal quality images are acquired with the M-line visible and the 
artery steady. Do not move up or down the artery or change the angle, once the test has 
begun! The Brachial Analysis Software works best when images are steady and show the 
M-line clearly! 
 
The sonographer then presses PW Doppler on the right control panel and places the Doppler 
cursor in the middle of the artery. Adjust Cursor angle with the knob below the right control 
panel and line up the Doppler signal so it is parallel with the brachial artery. 
 
It is important to remind the participant that talking may interfere with the scan, and that it is 
critical not to move during the scan, especially the right arm and hand.  
The sonographer states to the participant: “I am now going to take pictures of your brachial 
artery. Are you comfortable?” Then the sonographer states: “I’m placing cold gel on your arm.” 
The sonographer now reminds the participant that he/she may terminate the test if at any time the 
test becomes too uncomfortable. 
 
When the sonographer is satisfied with the angle and the location of the images of the artery, two 
markers are positioned on the image screen to facilitate scanning and making measurements.  
On left control panel, press Annotate, and then press Baseline. 
 
Using the trackball, the sonographer then moves the cursor to the middle of the vessel at the 
center of the segment of the artery, called the “Area of Interest” or AOI. The area with optimal 
quality of the near border and the far border and positioned as close to the center of the screen as 
possible is chosen as the AOI. Try to place the AOI in the portion of the artery where you are 
most likely to want to measure the artery.  Press the key with the* symbol on the left control 
panel to mark the AOI. 
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Next, place the cursor on an identifiable “landmark” anywhere on the image. Use one of the 
various directional arrows,     on the left control panel, to point the arrow to the landmark 
chosen.  Criteria for choosing a landmark include: a) an unusual or distinctive area; b) preferably 
an area relatively near the center of the screen; c) good landmarks include a small branch off the 
artery or bright echoes (“ridges”) or hollow black spaces.  If the artery is scanned consistently 
during the test without the sonographer moving, the degree marker and the arrow marker will be 
in the same location at the beginning of the baseline scan until the end of the deflation scan. 
 
The duplex images on the Mitchell computer screen during the examination also help the 
sonographer to consistently scan the same segment of the artery during the entire test. After the 
baseline scan, the baseline images stay on the screen to guide the sonographer. Anytime during 
the deflation scan, she can look at the baseline image on the screen and double check that she is 
scanning the artery at the same segment and with the same angle during the deflation scan. The 
baseline images will be there for comparison to all subsequent images. 
 
During the preliminary scan, the sonographer also makes a mental note of the transducer location 
and angle relative to the participant’s upper arm and tries to keep the same location and angle 
throughout the scan. 
 
 
The Baseline Scan  
 
The beginning of the baseline scan is indicated by the appearance of the word Baseline at the top 
of the image screen.  Sonographer verifies that the participant is comfortable. She also verifies 
that she is getting high quality images before starting to acquire and record images.  
 
From now on, all the images are acquired on the Mitchell computer only. The image seen on the 
Sonos 5500 is not recorded on video.  
 
Register the patient on the Mitchell computer by opening the NIHem program.  
Then press Register. Register the patient by entering the Participant’s initials, the Exam number 
and the sonographer number. Then press OK. 
 
Press Brachial Reactivity. Now the program is ready to acquire brachial images. 
 
For the Baseline scan, click Baseline on the Computer to start acquiring BMode images. 
After 15 beats of Bmode images, press PW Doppler on the Sonos 5500.  Record 10 beats of PW 
Doppler signals on the computer, then hit Save Images on the computer.  
 
The baseline images will stay on the screen on the computer, in a duplex format, to guide and 
help the sonographer during the deflation scan. During the baseline sequence, measurements of 
the brachial artery diameter from a minimum of 10 cardiac cycles will be made for comparison 
with the brachial artery diameter of the corresponding segment during the two-minute deflation  
period.  
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Sonographer is ready to start the baseline scan. 
 

The Inflation Scan 
A few seconds before 1:00, the sonographer warns the participant that “the cuff will inflate 
suddenly” and that the participant will feel a lot of pressure on their arm. The sonographer 
reminds the participant not to move his/her arm. At 1:00 exactly, the sonographer inflates the 
cuff by stepping on the foot pedal connected to the Automatic Cuff Inflator. Immediately 
thereafter, she presses Stop on the VCR on the Toshiba and hits Save Images on the computer. 
It is important to capture 3-5 triggers of Doppler signals @ 6K PRF on the computer to note the 
Trigger of Inflation. She then returns to B-single and continues to obtain 2-D images of the 
brachial artery during the 5-minute occlusion period. 
 
The occlusion cuff is inflated to 50 mm Hg above the participant’s baseline systolic pressure or 
at least 200 mm Hg for a maximum of 250 mm Hg. The occlusion systolic measurement is 
recorded on the work sheet. 
 
The cuff remains inflated for 5 minutes and the sonographer stays focused on obtaining optimal 
quality images. It is crucial to keep arm and transducer steady, and also to keep AOI and 
landmark in the same position throughout this period. In some participants, the artery will move 
as the cuff is inflated. Since the two markers placed on the image are frozen on the screen, they 
will also appear to have moved slightly relative to the artery.  



Framingham Heart Study Vascular Function Protocol 

Page 11 
2002-2005 

 

The two markers need not be repositioned.  
Often, the artery will return to its original position at the end of the exam, which will be 
confirmed by the markers reappearing in its original position. 
 
Great care must be taken to image the same arterial segment during the occlusion period as 
during the baseline period, to help sonographer continue to image the same arterial segment 
during the deflation period to the greatest extent possible. 
 
During this 5-minute occlusion period, the sonographer announces to the participant: “4 more 
minutes until deflation,...  3 more minutes,… 2 more minutes, etc.” 
 
At 15 seconds before deflation, the alarm on the manual timer will sound. The sonographer then 
presses Start on the VCR on the Toshiba, and starts acquiring PW Doppler images on 6K PRF 
with duplex imaging. She also hits Deflation on the Annotation menu.  
 
At 10 seconds before deflation, she clicks on DEFLATION on the Computer, to start acquiring 
the deflation sequence of images on the computer, while announcing to the participant that the 
cuff will be deflated in 10 seconds. The sonographer also reminds the participant that he may 
feel pins and needles or a warm or cold feeling in the hand. 
 
The Deflation Scan 
 
The sonographer deflates the cuff at exactly :00 by stepping on the foot pedal of the automatic 
cuff inflator. It is important to acquire images with PW Doppler on the computer to capture the 
trigger # of deflation. Immediately thereafter, she switches the PW Doppler from 6K PRF to 
12K PRF and captures 3-5 beats on 12K PRF as well as hits Save Doppler on computer. She 
then immediately switches to B-single and records optimal quality 2-D images of the brachial 
artery for the remaining 2 minutes on the computer as well as on the VCR on Toshiba. 
 
The two minutes immediately following cuff deflation is the most critical time of the entire 
exam. This is when the flow-mediated dilation occurs. Every effort should be made to avoid 
movement of sonographer transducer or the participant’s arm. The sonographer should therefore 
announce to the participant: “It is critical that you not move your arm for the next two minutes.”  
 
The artery should be horizontally displayed on the screen. Adjust transducer by doing toe or 
heel, if artery is displayed diagonally. Every attempt should be made to have artery vertically 
centered with the anterior and posterior intima parallel to each other. The artery will be in the 
focal zone, and the lumen should be free of echoes as much as possible. Fine-tune the image by 
rotating and/or angling transducer to optimize near wall and far wall. Ideally the artery will 
“look like a railroad track” with intima, M-line, and adventia fully visible! 
 
At end of scan, the sonographer announces “End of scan – you may move your arm, hand and 
fingers!” Click on Save Images on the Computer. Press STOP on the Toshiba VCR. 
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Test Wrap Up 
 
A final blood pressure determination is made in the left brachial artery by pressing the Start 
button on the Dinamap. Write down blood pressure, pulse and mean arterial pressure on the 
Endothelial Function Sonographer Worksheet. Determine the probe placement distance on 
the participant’s arm. Recheck the probe angle. Record information on the work sheet. Also 
record the start and ending times of the video recording. Write any additional comments on the 
Log-In Sheet. Remove the electrodes, the BP cuff on the left arm, and the cuff on the right arm.  
 
 
Before participant leaves the room, have him fill out the Discomfort Survey at the bottom of the 
Endothelial Function Participant Worksheet (see appendix 2). 
 
 He/she should also be told the following: “You should be aware that about 0.5% of participants 
develop painless red spots on the arm after the test, which resolve on their own within a few 
days. This is harmless, but if it occurs, you should call the sonographer, so that we can track the 
frequency and the time to resolution”. 
 
Thank the subject for participating.




























































































































































































