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1.0 Overview of the Carotid Artery Distensibility (Stiffness) Scanning Protocol

1.1 Introduction to the Carotid Artery Distensibility Scanning Protocol

The common carotid artery (CCA) dilates to form the carotid bulb proximal to the bifurcation into the internal and external carotid arteries. The origin of the bulb can be recognized in most, though not all, subjects. The common carotid artery bulb is defined as the site where the artery begins to dilate slightly and the vessel walls curve out, i.e., they are no longer parallel to each other. The bulb is elliptically shaped and geometrically complex in the longitudinal view. Its upper limit is defined by the tip of the flow divider. The tip of the flow divider also marks the origin of the internal and external carotid arteries. 

Evaluation of the common carotid artery stiffness is made on a segment at least 1 cm before the carotid bulb. The common carotid artery is, at this level, an elastic artery. Although distensibility requires a simultaneous measurement of common carotid artery pressures, such a measurement is not possible given the constraints of the imaging protocol.  Blood pressure measurements will be made in both arms to verify that there are no significant gradients and then repeated twice more on the right arm: once before recording of the right common carotid images and once following recording of the left common carotid images. The average of the 3 systolic and diastolic pressures in the right arm will be used for further calculations of stiffness values.  In cases where the left arm pressure is significantly greater (10 mmHg or more) than the blood pressure measured in the right arm, a repeat measurement will be obtained from the left arm and averaged with the other left arm measurement.

1.2 Participant Position, Electrode Placement and Blood Pressure Cuff Location
The subject is supine during the carotid artery examination and is made comfortable in a position that allows head rotation to either side. The sonographer stands or is seated at the end of the exam table near the participant's head.  The top of the head is about three inches from the end of the examination table and the head is rotated 10o away from the side examined. Participants may wish to turn their heads to look at the screen.  This should be discouraged. The sonographer may gently place his/her hands on the subject’s head as an aid to rotate the head in the correct position.  The sonographer should emphasize the importance of not moving. 

The subject has electrodes 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 sonographer can alter the electrode placement until a clear EKG signal is obtained. 

A blood pressure cuff is connected to an automated sphyngomanometer placed over the right or left upper arm (see 1.1). Blood pressures are recorded from the left and right arms. The arms are held slightly abducted from the body. 

1.3 Anatomical Site of Interest
Distal common carotid artery

The common carotid artery segment ends at the tip of the flow divider, which is typically the most clearly defined anatomical reference in the carotid system. Adjacent to this segment is the carotid bulb, a zone where the walls of the common carotid artery diverge from parallel lines. The segment of interest is the distal common carotid artery at least 1 cm below the carotid bulb. No focal areas of intimal medial thickening should involve either the near or far walls. In such situations, the transducer will be displaced inferiorly, down the neck, until a 1-cm long segment without focal disease is identified.

Anatomical Definitions

1.
Distal common carotid: this is the segment of the common carotid artery immediately proximal to the origin of the carotid bulb, where the near and far walls of the artery are parallel to one another.  The end of the distal common carotid artery is marked by the dilatation of the vessel walls, which is the carotid bulb. 

2.
Carotid bulb: the inferior extent of the bulb is the beginning of dilatation or at least 8 mm below the tip of the flow divider.  The superior extent of the bulb is defined by the very tip of the flow divider. 

1.4 Initial Scan

The purpose of the initial scan is to orient the sonographer to the subject’s carotid anatomy; to locate the bifurcation and locate the common carotid artery bulb. If sites of focal wall thickening involve the near or far wall, then the imaging transducer is displaced lower in the neck so that zones free of focal disease will be evaluated.

The electrocardiogram should be clearly displayed on the bottom of the image.

1.5 Standard Carotid Ultrasound Images

Images from at least ten cardiac cycles are recorded on videotape from the right common carotid artery in every subject. Review of the images from the B-loop will be used to identify, on a frozen image, the best systolic (T-wave) and diastolic (R-wave) images. These will be recorded for 5 seconds on the videotape.

Ten to fifteen seconds of real time carotid artery images are followed by a cine loop and the selection of one end-diastolic image and one systolic image from a cardiac cycle that is preceded by a cardiac cycle of normal appearance. The “best” end-diastolic and “best” systolic still images selected from the cine loop are recorded for approximately five seconds. 

Images: 

Pulse-wave Doppler

The critical information is the peak velocity in the common carotid artery at peak systole at the point of maximum flow acceleration. A 2-mm Doppler sample gate is placed in the center of the distal common carotid artery. The audible signal can be used to facilitate placement of the Doppler sample gate. Angle correction must not exceed 60o. The frozen image of the measurement is videotaped for approximately five seconds.

Right Common Carotid (end-diastole and systole)

Images 1 and 2 are taken from the lateral projection.  They are centered on a 10 mm segment of the right common carotid artery at least 10-mm from the right common carotid artery bulb. The carotid bulb may be displayed on the left side of the monitor (when facing the screen). If the bulb cannot be identified, but the tip of the flow divider can, this may substitute as the internal landmark on this view. After locating the tip of the flow divider and centering it on the screen, the probe is rotated into the lateral plane and moved downward 3 cm. The probe is then centered on the upper 2 cm of the common carotid.

A videotape recording is made over a minimum of 10 seconds so that images from at least 10 cardiac cycles clearly depict the common carotid artery wall interfaces.

Near the end of this sequence, a cine loop is captured by selecting the freeze button. The sonographer then cycles through the 32 cine loop images to select the systolic and end-diastolic images (from the same cardiac cycle) that best display the intimal walls. The end-diastolic image is acquired as the smallest diameter during the cardiac, near end-diastole, typically near to the R-wave.  The systolic image is acquired at maximal artery diameter during the cardiac cycle, typically near to the T-wave.  Each image is videotaped for five seconds. After both images have been recorded, the cine loop is set in motion and it is also videotaped for five seconds.

Sonographer Response to a Significant Stenosis – ALERT 

Some participants will have significant carotid stenoses, which are discovered, perhaps for the first time, during this examination. An ALERT is defined as an 80% or greater stenosis in the common carotid, the bulb or internal carotid artery. The only criteria to used to estimate stenosis is the peak systolic pulse-wave Doppler. An 80% or greater stenosis is indicated by a pulse-wave Doppler measurement of 2.05 m/s. Imaging data should not be used in arriving at this conclusion; its role is limited to determining the site of the abnormality. 

If a sonographer believes a significant vascular abnormality is present, he should double-check this finding by repeating the Doppler measurement. Under no circumstances should this impression be conveyed either directly or indirectly to the participant by the sonographer. The clinic coordinator should be told immediately after the participant has left the scanning area. An inquiry is thereby triggered at the field center regarding the presence of relevant symptoms in the participant. It will be determined whether he is under care for the vascular abnormality and if necessary appropriate referrals will be provided

The responsibility of the participant’s health care is completely with the field center. Whenever a participant presents with what the sonographer suspects is a problem he is to communicate it immediately to the field center medical personnel. Do not wait for confirmation from the Ultrasound Reading Center. The scan will not be reviewed until at least a week later. The readers and the project manager are not qualified to provide any sort of diagnostic report.

Protocol Summary 

1. Initial Blood Pressure Measurements

· Right Arm

· Left Arm

2. If Right Arm and Left Arm blood pressures are more than 10 mmHG different, re-measure left arm blood pressure.

· Left Arm 

3. Pre-image Blood Pressure Measurement

· Right Arm

4. Imaging – Videotape the following images, in this order:

A. Doppler Image 
NOTE: A Doppler value greater than 2.0 m/s is an ALERT – 

  Tell the clinic coordinator immediately!

B. Ten to fifteen seconds of real time images 

C. Cine loop

D. “Best” End-Diastolic View

E. “Best” Systolic View

5. Post-Imaging Blood Pressure

· Right Arm 
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