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Assignment B – Group A, Scenario 5

Hi, I’m Jessie, I am in group A and have chosen to discuss scenario 5.
Scenario 5 is a 77-year-old female who presents with sudden onset of blurry vision, dizziness, or fainting. Blurry vision, dizziness and fainting would all be clinical indications for a carotid ultrasound to investigate the extracranial cerebral circulation. A haemodynamically significant carotid stenosis (>50%) results in altered blood flow the patient’s brain and eyes, and can cause neurological and ocular symptoms such as these. Amaurosis fugax, which is loss of vision due to insufficient blood flow to one or both eyes, can be the result of a transient ischemic attack (TIA) or a stoke if symptoms haven’t resolved over 24 hours (Arasu et al., 2021). Ischemic stroke and TIA’s are caused by insufficient blood flow to the brain, typically due to narrowing or blockage of the arteries supplying the brain. Fatty deposits called plaque that build up on the artery walls during the disease process called atherosclerosis, can cause this narrowing. Atherosclerosis is the cause of about 20% of ischemic strokes (Murphy & Werring, 2020). Unstable plaque can break off from the artery wall and cause blockages further upstream and can also lead to thrombus formation. Ocular symptoms are related to ipsilateral arterial disease, while neurological symptoms such as dizziness relate to contralateral arterial disease (Arasu et al., 2021).

During standard carotid ultrasound examinations, both the right and left sides are imaged, including the common carotid artery, internal and external carotid arteries, carotid bulb, and vertebral arteries. B-mode, colour Doppler and spectral Doppler are all utilised to assess these vessels (ASUM, 2007). It is also advised to assess the subclavian arteries where possible, especially when reverse flow is seen in a vertebral artery as this may be due to subclavian steal syndrome (AbuRahma et al., 2022). Linear array, high frequency (5-9 MHz) transducers are typically used to achieve good image resolution in b-mode and colour Doppler at the expense of reduced depth penetration (ASUM, 2007). The location and characteristics of any plaque should be recorded along with spectral traces at the point of maximum stenosis, as well as just proximal and distal to this region. Plaque can be described as being echogenic, hypoechoic, mixed or calcified with smooth, irregular or indeterminate surfaces. A Doppler angle of 60 degrees or less should be adopted to ensure the error margin remains less that 15% (ASUM, 2007). This table outlines the ASUM guidelines for assessing the degree of stenosis (ASUM, 2021).

Atherosclerosis is a chronic inflammatory condition. Inflammation, oxidative stress and genetic predisposition are the three main factors determining its formation and severity (Alfarisi et al., 2020). This disease process can affect all medium to large sized arteries. The first visible sign of atherosclerosis is the formation of a fatty streak in the intimal layer of the artery, most commonly occurring at arterial branching sites due to the disruption of normal laminar flow here (Hopkins, 2013).  Increased levels of low-density lipoprotein (LDL) in the blood stream can initiate fatty streak formation, however, this can also occur at lower levels of LDL in combination with other risk factors including diabetes, hypertension, dyslipidemia, smoking, inactivity, obesity and family history of atherosclerosis (Bentzon et al., 2014). The smooth muscle cells in the artery intima produce an extracellular matrix that can accumulate lipoprotein-laden macrophages and other inflammatory cells, forming the fatty streaks which can continue to slowly grow into plaques (Fernando et al., 2020). Plaques can have an acellular necrotic core containing cellular debris that is covered by a thin layer of smooth muscle cells called a fibrous cap. Thinning of this fibrous cap and enlargement of the necrotic core often due to intraplaque haemorrhage can lead to instability of the fibrous cap and eventually result in plaque rupture. When rupture occurs, the necrotic core of the plaque is leaked into the blood stream which initiates a coagulation response involving platelets, leading to thrombus formation (Fernando et al., 2020). Therefore, it  is important to record the plaque characteristics seen on ultrasound as some features, such as an irregular surface, correlate to plaque instability.

When scanning the 77-year-old female patient the Sonographer began by imaging her left common carotid artery (CCA) first, assessing both longitudinally and transverse in b-mode and longitudinally in colour Doppler. The Sonographer is evaluating whether there is any plaque formation or intimal thickening, where an intimal thickness greater than 0.9mm is associated with atherosclerosis (Mancia et al., 2013). Colour Doppler can indicate any areas of aliasing or areas of hypoechoic plaque where the colour doesn’t reach the edge of the lumen with appropriate settings. A spectral trace is then placed in the centre of the CCA and samples are taken in the proximal and distal portions. Peak systolic velocity (PSV) and end diastolic velocities (EDV) are measured. This image demonstrates a PSV of 44 cm/s and an EDV of 14 cm/s. Referring to ASUM’s guidelines mentioned before, a PSV of less than 125 cm/s is not considered to be a haemodynamically significant finding (ASUM, 2021).

Next the vertebral artery is assessed with colour and spectral Doppler. It is useful to evaluate the vertebral artery immediately after the CCA so there is no confusion as to whether the direction of flow in the vertebral artery is the same as the CCA, called antegrade flow as seen in this patient. If the blood flow in the vertebral artery is opposite to the flow seen in the CCA, called retrograde or reverse flow, this is a suggestive feature of subclavian steal syndrome. This can occur when the ipsilateral subclavian artery is significantly stenosed or occluded (AbuRahma et al., 2022). 

The carotid bulb should be well examined longitudinally and transversely in b-mode and colour Doppler. This is the most likely location for plaque to occur due to the bifurcation and shape of the bulb disrupting the normal laminar flow, causing turbulence (Hopkins, 2013). The external carotid artery (ECA) is then identified by lightly tapping next to the patient’s ear while spectral Doppler is applied to the vessel, called a temporal tap. This compresses the temporal artery and should produce small divots in the diastolic pulse spectrum if the spectral gate is placed in the ECA (Lee, 2014). The ECA is also generally smaller and more anterior and medial compared to the internal carotid artery (ICA) and contains branches, whereas the ICA doesn’t. However, this is not always the case, therefore it is best practice to perform a temporal tap to differentiate the ECA from the ICA (Lee, 2014). 

Once the ECA has been assessed using b-mode, colour Doppler and spectral Doppler, the same is performed in the proximal, middle and distal ICA. In these images, plaque is seen in the left proximal ICA, classified as irregular hypoechoic plaque. The percentage diameter stenosis is then calculated by measuring the outer diameter of the ICA and the lumen diameter, in alignment with the ASUM guidelines, measured as 73% stenosis in the middle image (ASUM, 2021). The spectral Doppler trace should be sampled at the point of highest velocity, typically appearing as aliasing on colour Doppler, seen in the right image. The PSV in this image is measured to be 296 cm/s, well above the normal limit of 125 cm/s as per the ASUM guidelines (ASUM, 2021). 

Additional PSV and EDV measurements should be taken immediately proximal and distal to the stenosis. According to the ASUM guidelines, this stenosis is graded as a 70-79% stenosis which may be causing TIA or stroke symptoms (ASUM, 2021). 

A severe stenosis such as this may require surgical intervention through carotid endarterectomy or carotid artery stenting (Myers & Clough, 2014). Magnetic resonance angiography (MRA) or computed tomography angiography (CTA) may also be beneficial for procedural planning (Saxena et al., 2019). Before researching atherosclerosis, I didn’t realise how common it is and what the pathological disease process was. Now that I better understand the disease and risk factors, I can ask patients relevant questions to compile helpful clinical history information for the reporting radiologist. It would be beneficial to know whether the patient has any family history of atherosclerosis, has diabetes or smokes for example. I also didn’t know of what other extra information may be useful to vascular surgeons other than the location and type of plaque, the degree of stenosis and vertebral artery flow direction. Vascular surgeons can also benefit from knowing whether the patient has a high carotid bifurcation or tortuous vessels as this can increase the difficulty of carotid surgery (Myers & Clough, 2014). If the ultrasound scan quality is decreased due to patient body habits, such as a short, thick neck, this should be also noted as MRA or CTA may provide improved assessment of the vessels prior to surgery.

Thank you for watching!
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