Brachial Artery Vasodilatation – Endothelial Function

MESA Sonographer Manual


MESA

Brachial Artery Vasodilatation – Endothelial Function

Sonographer Manual

Draft

Ultrasound Reading Center

New England Medical Center

1.0 Introduction

High resolution B-mode ultrasound imaging can be used to determine the diameter of arteries. Measurements of brachial artery vasodilatation during and immediately following reactive hyperemia have recently been shown to be associated with risk factors for cardiovascular disease. Changes in the artery’s functional response to these stimuli seem to be affected rather rapidly by selected interventions. As such, these measurements may better reflect on the acute response of the arteries to acute interventions and may be predictive of long term outcomes.

1.1 Introduction to the Brachial Artery Vasodilatation Ultrasound Scanning Protocol

The upper extremity is supplied by the subclavian artery. On the right, the subclavian artery and right common carotid originate from the innominate artery. On the left, the subclavian artery has a separate origin from the aorta. The subclavian artery crosses the clavicle after giving off the vertebral artery, the costo-clavicular trunk and the internal mammary artery.  It then becomes the axillary artery as it crosses the first rib. The axillary continues as the brachial artery below the margin of the teres major muscle. The brachial artery parallels the course of two brachial veins.  On occasion, the brachial artery can be duplicated. At the level of the elbow, the brachial artery has three branches: the radial (lateral), ulnar (medial) and interosseous arteries. The accompanying deep veins are duplicated.  It is not uncommon to see an early origin of the radial artery from the brachial artery in the upper arm.  The arterial supply to digits is delivered by the superficial arch.  This arch is typically a continuation of the ulnar artery that anastomoses with the radial artery in the proximal palm. 

The brachial artery can be best imaged with high resolution ultrasound at the elbow (antecubital fossa) since it lies quite superficial. However, it can inadvertently be compressed when the ultrasound probe is held over this location. Ideally, the artery should be imaged 3 to 7 cm above the antecubital fossa where it forms a straight segment, free of major branches. The artery lies deep in the biceps and is less likely to be compressed at this level. In addition, anatomic landmarks such a small arterial branches, tendons, or fascial planes, are readily visualized and can help the sonographer maintain the same position over the selected artery segment.

Acquisition of the ultrasound images should be synchronized with the electrocardiogram since differences between systole and diastole can reach 6.6%. The time point in the electrocardiogram that corresponds to maximal expansion of the artery is near the T-wave whereas the minimum arterial diameter is observed near to the R-wave.

Blood pressure measurements need to be made in both arms to verify that there are no significant gradients (15 mmHg or more). The protocol should not be started in individuals with significant pressure differences between the arms because the gradient may be indicative of a subclavian stenosis. Inducing a hyperemic response could then cause a subclavian steal and acute vertebro-basilar insufficiency. Additional contraindications are a history of Raynaud’s phenomenon and previous surgery to the arm or axilla (mastectomy, lymph node dissection).

Blood pressure measurements should be made from the left arm, at baseline, before inflation of the right arm cuff.  Blood pressure measurements should be repeated three times: immediately before release of the occluding cuff, at one minute and then at 3 minutes following release of the occluding cuff. This would ensure that the maneuver did not cause a change in blood pressure that may have affected the resting tone (diameter) of the artery.

The participant will be asked to answer a short questionnaire to determine their level of discomfort with the procedure. This visual analog scale compares the testing procedure to venipuncture.  It can also be used to gauge the level of pain. This may be helpful in evaluating participant anxiety that may change blood pressure and possibly affect resting diameter of the brachial artery.

Blood Pressure Measurements Summary

Time in Protocol
Arm

Baseline
Left and Right

Before Inflation
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Before Release
Left

1 minute After Release
Left

3 minutes After Release
Left

1.2 Participant Exclusion, Position, Blood Pressure Cuff Location, and Electrode Placement
Participants who have Raynaud’s Phenomenon and women who have had a radical masectomy on either side are excluded from the Brachial Artery - Endothelial Function procedure. A radical masectomy is the removal of breast, associated lymph nodes, and underlying musculature. It does not include lumpectomy or simple masectomy.

Participants should abstain from food for six hours prior to the brachial artery vasodilatation scan. They may have juices or water (no coffee, milk or cream) during this period. If necessary, a small snack, mostly carbohydrates and no fat content may optionally be given 90 minutes prior to the endothelial function test. If the participant has eaten anything in the previous 90 minutest the sonographer must delay the test until 90 minutes has passed. 

The subject is supine during the examination and is made comfortable with the right arm supported and held in a slightly abducted position. A blood pressure cuff is placed around the left upper arm and is connected to an automated sphyngnomanometer. The sonographer places the occlusion blood pressure cuff over the proximal right forearm, just below the antecubital fossa. He/she is seated at the end of the examination table near the participant's arm and has a clear view of the ultrasound monitor. Participants may wish to turn their heads to look at the screen. The sonographer should emphasize the importance of not moving. The occlusion cuff is automatically inflated by pressing a foot switch. Deflation time and inflation pressures are standardized as follows:

· Deflation time is 5 minutes after inflation of the occlusion cuff.

· Inflation pressure is 200 mmHg 

· If the blood pressure is greater than 150 mmHG then 

· Inflation pressure is blood pressure + 50 mmHg 

A second foot switch is used to measure blood pressures from the opposite arm.

EKG electrodes are placed in the standard locations: RA (Right Arm; just below the lateral aspect of the right clavicle), LA (Left Arm; just below the lateral aspect of the left clavicle) and RL (Right Leg; inferior to the right pectoral muscle, over the rib cage). The electrocardiogram is such that the R-wave and the T-wave are clearly seen and of sufficient height. If the polarity of the tracing is reversed, then the electrode placement can be altered by the sonographer until a clear EKG signal is obtained. 

1.3 Anatomical Sites of Interest
In the lower portion of the upper arm, the distal brachial artery should lie parallel to the two brachial veins.  There should not be any major branches arising from the segment of interest.

Anatomical Definitions

1.
Very distal brachial artery: this is the segment of the brachial artery immediately before it bifurcates into the radial, ulnar and interosseous branches.  It is located in the antecubital fossa.

2.
Distal brachial artery: the brachial artery segment in the lower half of the upper arm.

3.
Proximal brachial artery: the artery in the upper portion of the arm.  This segments lies above the major branches feeding the arm muscles. The vasodilatation response will be blunted at this level.

1.4 Initial Scan

The purpose of the initial scan is to orient the sonographer to the subject’s brachial artery anatomy, to locate the bifurcation in the antecubital fossa and to follow the artery upwards until a straight segment is identified. Color and pulse-wave Doppler can be used as identification aids, differentiating the artery from the accompanying veins.

Imaging Sequences

The study will be acquired as two video segments with appropriate narration:

Video Loop 1 Description

The first loop is a baseline sequence of 30 seconds, with narration.  It is performed after a blood pressure has been measured in the left arm.  It consists of longitudinal images acquired at the fastest frame rate (32 Hz or higher, depending on the ultrasound system upgrade).  It serves as a baseline to verify the range of variability in the resting brachial artery diameter and for measurements of brachial artery distensibility over the first 10 seconds. The sonographer narrates while performing the scan, pointing out landmarks of interest. Baseline Doppler velocity measurements are obtained for the next 20 seconds, 10 seconds before and then for the 10 seconds while the occlusion cuff is inflated. Left arm blood pressure measurements are made at just prior to the occlusion cuff inflation.

Video Loop 1 Timeline
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Video Loop 2 Description

The second loop starts 15 seconds before release of the occlusion cuff and lasts 2 minutes and 15 seconds. The sonographer narrates while a gray scale images are acquired for 5 seconds.  Doppler velocity is then recorded for 10 seconds before and then 30 seconds after release of the occlusion cuff. Gray scale images are then acquired continuously for an additional 90 seconds. Left arm blood pressure measurements are made immediately prior to deflation at 1 minute after deflation and again at 3 minutes after deflation.

Video Loop 2 Timeline
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Brachial artery ultrasound images loops are collected and videotaped in this order:

Loop 1: Resting (baseline) brachial artery imaging 

Loop 1 contains images obtained before inflation of the right arm occlusion and after obtaining a baseline blood pressure reading. This sequence gives a true estimate of resting baseline brachial artery diameters during 10 seconds (used for brachial artery distensibility) and for baseline blood flow velocity (baseline against which to determine magnitude of blood flow stimulus).

Loop 2: Brachial artery imaging during hyperemic response and vasodilatation.

Loop 2 contains images obtained immediately before and after deflation of the right arm occlusion cuff. Maximal vasodilatation takes place at one minute following cuff release while peak velocity changes take place in the first few seconds following cuff release. A blood pressure measurement is made at the end of this portion of the study to verify that the blood pressure has not changed and possibly affected baseline brachial artery diameters.

Detailed Description of the Brachial Artery – Endothelial Function Protocol

1. Description of Initial Scan - not videotaped

A blood pressure cuff is placed around the left upper arm. An automated sphygmomanometer is used to measure blood pressure. 

A blood pressure cuff is placed around the right upper arm. An automated sphygmomanometer is used to measure blood pressure. 

If the difference in the pressures between the left and the right arms is greater than 15 mm HG, the brachial artery vasodilatation protocol is stopped.

An occlusion pressure cuff will be placed around the upper forearm of the right arm. The right arm is then placed palm facing upwards and slightly abducted from the body.

A liberal amount of gel is applied to the lower medial aspect of the upper arm and to the surface of the ultrasound probe. The initial scan is not videotaped. The probe is then placed in the short axis just above the elbow. It is moved up along the brachial artery and veins for 3 to 7 cm. The probe is then rotated to lie longitudinal and parallel to the brachial artery.  The sonographer will also verify proper positioning of the Doppler range gate for subsequent acquisition of Doppler velocity profiles.

The electrocardiograph signal is optimized and then adjusted so that it is clearly displayed at the bottom of the image.

2. Standard View (Baseline Brachial Artery Loop 1) - videotaped
This is a longitudinal view of the distal brachial artery with the probe in the lateral projection. This is the first series of views to be videotaped. The distal brachial artery (elbow) is to the left side of the screen (sonographer facing screen - to sonographer's left). The probe is then centered on the brachial artery 3 to 7 cm above the elbow. 

The sonographer will optimize the wall interfaces in the distal brachial artery by adjusting the transducer, beam steering, and adjustment of gain settings. If a plaque is present, the sonographer will move the transducer lower on the arm and make note of this action. He/she will then optimize the view of the new site and identifies landmarks. Again, the priorities are the wall interfaces for diameter measurements. 

The transducer will be held in a stable position during the recording of brachial artery motion for 10 seconds. This segment will be used for evaluation of baseline diameters and brachial artery distensibility evaluation. 

The Doppler velocity tracings are recorded before and during inflation of the occlusion cuff to document the successful occlusion of blood flow to the forearm.

A left arm blood pressure measurement is taken just prior to the application of the occlusion cuff.

Application of occlusion cuff pressure for 5 minutes

The occlusion cuff inflation is 200 mm HG. If the systolic blood pressure in the right arm is greater than 200 mm HG, the occlusion cuff pressure is the blood pressure plus 50 mm HG.

Doppler imaging continues through the inflation of the occlusion cuff until approximately 10 seconds after occlusion.

4. Standard View (Brachial Artery Vasodilatation Loop 2) - videotaped
Five seconds of longitudinal views of the distal brachial artery with the probe in the lateral projection and in the same position as Loop 1 are videotaped to confirm that position has been maintained. The distal brachial artery (elbow) is to the left side of the screen (sonographer facing screen - to sonographer's left). 

Doppler velocity measurements are made 10 seconds before and for 30 seconds following the release of the occlusion cuff.

A left arm blood pressure measurement is made just prior to cuff deflation.

Imaging then returns to gray scale. The probe is kept centered on the brachial artery 3 to 7 cm above the elbow and videotaping continues for 90 seconds. 

A left arm blood pressure measurement is made at 1 minute (60 seconds) after deflation.

The videotaping is turned off. 

5. Resting Interval

A left arm blood pressure measurement is made at 3 minute (180 seconds) after deflation.

The discomfort questionnaire is administered.

The protocol is complete.

If this is a reproducibility study, there will be a ten minute resting period and the protocol will be repeated starting at Step 1.

Data Transmission

Videotapes are sent periodically to Dr. O’Leary through a package delivery service with tracking capabilities at the following address. 

Daniel H. O'Leary, M.D.

MESA Ultrasound Reading Center

New England Medical Center, Box 380

750 Washington Street

Boston, MA 02111
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