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Introduction

Stroke is a major cause of morbidity and mortality worldwide, with carotid atherosclerosis 

contributing to a significant proportion of ischemic strokes.1,2 Detailed imaging assessment 

of extracranial carotid artery disease is critical for the appropriate risk stratification and 

management of those presenting with cerebrovascular ischemia. When imaging carotid 

atherosclerosis, the two important factors are the degree of luminal stenosis and the 

assessment of plaque components. Luminal stenosis has been the basis for patient 

inclusion in multiple randomized stroke prevention trials and the results of these studies 

established stenosis severity as the primary imaging-based method for carotid disease risk 

stratification.3–6 However, recent mounting evidence of the contribution of individual plaque 

components to vulnerable carotid plaque has challenged the primacy of luminal stenosis 

measures alone as the imaging biomarker of choice for stroke risk assessment. Imaging 

of luminal stenosis and carotid plaque can be performed with a number of techniques 

including ultrasound, digital subtraction angiography, CT angiography, and high-resolution 

MR. Accurate characterization of both luminal stenosis and plaque characteristics is the 

primary objective of imaging the extracranial carotid artery and will be the focus of this 

review.

Normal anatomy and Imaging Technique

Most carotid atherosclerotic plaque develops near the bifurcation and proximal internal 

carotid artery (ICA). Hemodynamic forces and stress plays a critical role in the development 
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of atherosclerosis at the carotid bifurcation, in addition to other local and systemic 

inflammatory and thrombotic processes.7 The carotid bifurcation is usually between the C3–

C5 level but can vary slightly in position and may have differing angles among individuals 

and even among sides in an individual patient.8

Carotid Ultrasound

B-mode ultrasonography, a relatively inexpensive examination without ionizing radiation, 

is often the first-line examination to evaluate for carotid stenosis.9 It is a commonly used 

screening exam which can indirectly assess the degree of carotid stenosis and evaluate 

specific carotid plaque features. Limitations of carotid ultrasound include its dependence 

on the sonographer or technologist performing the exam, inherent limitations secondary to 

patient habitus and anatomy, its flow dependence which can limit evaluation in the setting of 

systemic hemodynamic alterations, and inability to discern low levels of stenosis.9–13

In addition to B-mode sonographic techniques, contrast-enhanced ultrasonography (CEUS) 

can also be used in the assessment of carotid plaque. In CEUS, sonography is performed 

after the intravenous injection of microbubble contrast agent which remains intravascular 

for the duration of the exam and allows for the evaluation of the carotid lumen and plaque 

neovascularity.14–16

Computed Tomography Angiography

Computed tomography angiography (CTA) of the neck is commonly performed in the acute 

stroke setting and is an accurate method to evaluate carotid stenosis. CTA is a widely 

available imaging technique that can be quickly performed without specialized equipment 

or post-processing software yet still has the ability to directly visualize luminal stenosis 

and many plaque features. Major considerations with CTA examinations are ionizing 

radiation and the need to inject intravenous contrast, limiting its use in patients with 

renal insufficiency. In addition to standard multidetector CTA, dual-energy/dual source CT 

can also be performed to evaluate carotid plaque. Dual-energy CT allows for improved 

delineation between calcification associated with a carotid plaque and the increased density 

from luminal contrast.17

Magnetic resonance imaging

MR-based imaging is well-established for the evaluation of carotid artery plaque.18,19 MR 

angiography (MRA) can be performed to evaluate the degree of luminal stenosis and to 

evaluate for additional plaque features which are known to be high-risk. MR-based imaging 

evaluation does not involve ionizing radiation and many sequences can be performed 

without the administration of intravenous contrast. MR evaluation of carotid plaque is 

limited due to its often-lengthy imaging acquisition time, relatively higher costs, and 

individual patient contraindications to MR imaging, such as certain types of cardiac devices.
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Protocols

Ultrasound

When evaluating carotid atherosclerotic disease using B-mode ultrasound, a 4–7MHz linear 

array transducer is used to evaluate the distal CCAs, the carotid bifurcations, and the 

cervical ICAs. A complete examination of the carotid arteries includes assessment with 

grayscale imaging, color Doppler imaging, and spectral Doppler velocity evaluation.9,13 

Peak systolic velocity (PSV) in the ICA along with the presence of plaque are the most 

important factors in assessing carotid stenosis.13 Additional Doppler parameters, such as 

ICA/CCA ratios, can also be used to confirm and/or assist in the diagnosis of carotid 

stenosis. Power Doppler may be used when there is critical stenosis or near-occlusion to 

evaluate for the presence of any flow.9

CTA

Multi-detector CTA is the most commonly performed type of CTA examination when 

evaluating cervical vasculature. After the administration of nonionic iodinated contrast 

using a power injector (4mL/s flow rate), helical mode CT scanning with a multidetector 

scanner is performed. Imaging is performed from the aortic arch to the C1 ring for a neck 

CTA examination with sub-mm, typically 0.625mm, resolution.20,21 Sagittal, coronal, and 

sometimes oblique reconstructions are performed for complete evaluation of the carotid 

bifurcations. Dual energy CT examinations can also be performed and have been shown 

to be useful for differentiating calcified plaque from the luminal contrast.17 Currently, dual 

energy CT is not frequently used in the clinical setting.

MRA/MRI

There is more variability in protocols when imaging the cervical vasculature using MR-

based techniques.20 Protocols range from simple, relatively quickly performed non-contrast 

MRA of the neck to more time-intensive examinations using multiple sequences and 

dedicated carotid neck coils. All protocols should have at least 1 sequence centered on 

the carotid bifurcation and extending 3–4cm longitudinally. Most protocols include a time-

of-flight sequence to assess for flow directionality. Contrast-enhanced sequences are also 

commonly performed in order to more fully assess for stenosis at the origins of the great 

vessels and vertebral arteries and for more accurate evaluation of luminal stenosis. Many 

institutions include some kind of sequence with blood suppression to evaluate for plaque 

burden. Often a 3D T1-weighted sequence, such as MPRAGE, is performed to evaluate for 

intraplaque high-intensity signal, a marker for intraplaque hemorrhage. Either 1.5T or 3T 

scanners can be used, but 3T scanners have improved SNR.20

Imaging Findings/Pathology

There are two main findings being imaged with extracranial vascular disease in the 

carotid artery: Luminal stenosis and plaque features. While luminal stenosis has historically 

been the focus of imaging, plaque features are becoming increasingly important in the 

management of patients with carotid artery disease.
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Luminal Stenosis

One of the most important findings to report on extracranial vessel imaging is the 

degree of luminal stenosis. On MRA and CTA, stenosis can be defined by a number 

of different measurement techniques, but most commonly by criteria set by the North 

American Symptomatic Carotid endarterectomy trial (NASCET).6,22 This method requires 

measurement of the area of the greatest degree of luminal narrowing and then measurement 

of a non-stenotic region in the normal mid to distal ICA, not in an area where there 

is post-stenotic dilatation (Figure 1).22 While these measurements were initially validated 

using digital subtraction angiography (DSA), there is good correlation with CTA and 

contrast-enhanced MRA images so measurement is made in a similar fashion.22,23 Other 

schemes for measuring luminal stenosis are not as commonly used in the United States 

but include the European Carotid Surgery Trial (ESCT) and common carotid (CC) methods 

of measurement.24 Luminal stenosis can also be estimated using a technique suggested by 

Bartlett et al25 on CTA, in which the narrowest measurement in mm is associated with 

degree of stenosis by NASCET criteria. In this method, 2.2 mm corresponds to a stenosis of 

approximately 50% and 1.3 mm to a stenosis of 70%.25

For US, on the other hand, luminal measurements of the area of greatest narrowing cannot 

be directly made. Instead, the degree of stenosis is inferred based on blood velocity in the 

ICA and the ratio of PSVs in the CCA and ICA and the plaque burden.13 US allows for a 

“real-time,” flow-dependent assessment of stenosis. Issues include any states that can alter 

the flow, such as aortic stenosis or regurgitation.

Plaque Features

In addition to the degree of luminal stenosis, the plaque composition is also essential 

to evaluate and discuss. The histopathologic findings in carotid plaque evolution and 

development has been extensively studied. Atherosclerotic plaque develops along a spectrum 

from mild fatty deposition in asymptomatic young arteries to complex, irregular plaques 

prone to releasing thromboemboli.26 The features identifiable on plaque vessel wall imaging 

are correlates to histopathologic features.27–29 Many plaque characteristics have a typical 

appearance on each of the most frequently performed imaging modalities (Table 1). We will 

review some of the most commonly encountered plaque features on routine imaging.

Calcified plaque—Calcification is one of the most commonly encountered plaque 

components (Figure 2). The presence of calcified plaque has a lower association with 

cerebrovascular ischemia30–32 leading some to believe that calcified plaque is a “lower-

risk” plaque feature and may offer some more stability to the plaque surface with 

decreased likelihood of generating thromboemboli compared to plaques which lack dense 

calcification.33 It is most readily visualized on CTA by an area of increased HU in the 

region of the carotid bifurcation. On MR, plaque calcification can be visualized with high 

sensitivity and specificity as an area of hypointensity on all pulse sequences.18,34 On US, 

calcified plaque is correlated with increased echogenicity and posterior acoustic shadowing. 

At times, the posterior acoustic shadowing from a large echogenic, calcified plaque may 

obscure evaluation of the entire plaque, limiting evaluation (Figure 2).
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Intraplaque hemorrhage—Intraplaque hemorrhage (IPH) is one of the most well-known 

“high-risk” plaque features on imaging (Figure 3). IPH has been studied extensively and 

is known to confer increased risk of future and recurrent stroke.19,35 There is robust 

evidence that IPH can be accurately evaluated on MR imaging.34,36 IPH has distinctive 

imaging features on MR, namely intrinsic T1 hyperintensity, often seen on MPRAGE or 

other sequences. This high-intensity signal can also be appreciated on TOF sequences.37 

Recognizing IPH on CT and US can be more difficult. There is evidence that “soft” plaque 

seen on CTA and echolucent plaque seen on US, likely has some component of IPH, as both 

of these plaque features confer increased risk.30,31,38–40

Lipid-rich necrotic core—Lipid-rich necrotic core (LRNC) is another “high-risk” plaque 

feature than can be appreciated on imaging. LRNC is also highly associated with future 

and recurrent stroke.19 Histopathologically, LRNC is indicative of complex plaque with 

a necrotic lipid-rich core. LRNC is most readily identifiable on MR imaging by its TI 

hyperintense appearance and isointensity on TOF sequences. It has less characteristic 

findings on CTA and US with its imaging appearance overlapping with IPH. Although it 

is more challenging to differentiate LRNC and IPH on CTA or US, precise distinction may 

not be critical from a clinical perspective as LRNC and IPH both confer increased risk of 

future and recurrent stroke.19,21

Plaque ulceration—Plaque ulceration is a high-risk marker because it indicates instability 

of the plaque surface and exposes the unstable plaque to flowing luminal blood. Ulceration 

indicates plaque surface irregularity which increases the likelihood of thrombus formation. 

Plaque ulceration is defined as an extension of luminal contrast into a plaque, measuring at 

least 1–2mm.21 Plaque ulceration is well visualized on CTA (Figure 4) and can have varying 

degrees of severity ranging from focal areas of contrast extension to large cavitating ulcers. 

Plaque ulceration can also be identified on contrast-enhanced MRA with high specificity and 

sensitivity.41 US can also depict plaque ulceration though with less sensitivity than the other 

cross-sectional techniques.

Clinical Applications

Atherosclerosis of the extracranial carotid arteries is a substantial contributor to ischemic 

stroke, leading to about 15–20% of ischemic strokes.1,2 Risk stratification is critical in 

identifying those who are at highest risk of stroke. Imaging-based risk assessment has 

evolved over recent years with increased attention to carotid plaque features, rather than 

strictly focusing on degree of stenosis.20,42 Carotid atherosclerosis is thought to lead to 

ischemic strokes by two main methods: 1) flow reduction in the setting of a stenotic 

plaque and 2) artery-to-artery thromboembolism from plaque surface irregularities.43 

Stenosing plaque is a large contributor to ischemic strokes and has received the most 

attention traditionally, but small thromboemboli from unstable or irregular plaque surface 

is emerging as an important cause of ischemic stroke. While both stenosis and plaque 

can result in ischemic events, there is no direct correlation of plaque size/volume and 

degree of stenosis.44–46 There is mounting evidence that many high-risk plaque features 

identified via imaging directly contribute to cerebrovascular ischemia and that these features 

can contribute to ischemic strokes/TIAs without associated stenosis.47–49 In a recent 
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meta-analysis of 64 studies enrolling 20,751 patients, the pooled prevalence of high-risk 

plaques was 26.5% (95% CI, 22.9%−30.3%), and the incidence of ipsilateral ischemic 

cerebrovascular events was higher in patients with high-risk plaques (4.3 events per 100 

person-years; 95% CI, 2.5–6.5 events per 100 person-years) than in those without high-risk 

plaques (1.2 events per 100 person-years; 95% CI, 0.6–1.8 events per 100 person-years), 

with an odds ratio of 3.0 (95% CI, 2.1–4.3).50

Differential Diagnosis

Atherosclerotic plaque is the most common pathology visualized in the region of the carotid 

bifurcation and is generally readily identifiable. There are a few other processes with 

imaging findings similar to atherosclerotic plaque which may be considered.

Dissection

ICA dissections can have overlapping findings with carotid artery atherosclerotic plaque, 

especially if the dissection does not present with the pathognomonic findings of intimal flap 

and double lumen. Dissections usually occur more distal to the carotid bulb than plaque, 

usually at least 2–3cm distal from the bifurcation and are commonly seen in the distal 

cervical ICA, just proximal to the skull base. Also, dissections are typically not associated 

with calcifications which are commonly seen in the setting of plaque.

Fibromuscular dysplasia

Fibromuscular dysplasia (FMD) can cause arterial stenosis in the ICAs, and may 

be confused with narrowing secondary to atherosclerotic plaque. FMD causes vessel 

irregularity and beading that usually spares the carotid bifurcations and is usually seen in the 

distal cervical ICAs. It is caused by overgrowth of smooth muscle and fibrous tissue. Unlike 

atherosclerotic plaque, no mural calcifications are seen.

Carotid Web

Carotid webs are linear filling defects in the posterior aspect of the proximal internal carotid 

artery. They are thought to be a variant of FMD with focal intimal hyperplasia.51 Though 

they are not as common as atherosclerotic plaque, they are an important cause of ischemic 

stroke, particularly in younger, female patients.51,52

TIPIC

Transient perivascular inflammation of the carotid artery (TIPIC), previously known as 

carotidynia, is a distinct clinical entity in which there is wall thickening and inflammatory 

changes surrounding the carotid bifurcation and proximal ICA.53 TIPIC is a self-limited 

process in which patients present with neck pain and tenderness in the region of the 

bifurcation and may have elevated serum inflammatory markers. Imaging findings include 

thickening and enhancement of the carotid wall along with surrounding fat stranding. The 

inflammatory changes will resolve on follow-up studies, as opposed to atherosclerotic 

changes which persist.
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Case Study Presentation

We present a case of 71-year-old female who presented to the Emergency Department 

with acute right sided weakness and was found to have acute infarctions in the left frontal 

and parietal lobes (Figure 5). She then underwent a CTA head/neck which demonstrated a 

large predominantly soft/fibrofatty plaque with ulceration. Despite the large size of the soft 

plaque, there is less than 50% stenosis by NASCET criteria. This patient went on to undergo 

MRA of the cervical vasculature which revealed high-intensity signal associated with the 

left-sided carotid plaque, consistent with intraplaque hemorrhage. Although this patient had 

no significant stenosis by NASCET criteria, her irregular, ulcerated plaque with intraplaque 

hemorrhage likely contributed to her ischemic stroke. This case highlights the importance of 

looking beyond the lumen to evaluate the associated vessel wall and plaque characteristics.

Conclusion/Summary

Extracranial carotid artery imaging is an important part of the workup for cerebrovascular 

ischemia. The two most important imaging features of carotid atherosclerosis are the degree 

of luminal stenosis and specific plaque features. Many plaque features can be identified 

on routine imaging and can be helpful in the risk stratification of those with carotid 

atherosclerosis.3
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Key points:

• When imaging carotid atherosclerosis, degree of stenosis and carotid plaque 

features are the most important findings

• Many “high-risk” carotid plaque features are detectable on carotid US, CTA, 

and MRA

• Some plaque features are more closely associated with cerebrovascular 

ischemia than degree of stenosis
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Synopsis:

Carotid atherosclerosis is an important contributor to ischemic stroke. When imaging 

carotid atherosclerosis, it is essential to describe both the degree of luminal stenosis 

and specific plaque characteristics as both are risk factors for cerebrovascular ischemia. 

Carotid atherosclerosis can be accurately assessed using multiple imaging techniques, 

including ultrasound, CT angiography, and MR angiography. By understanding the 

underlying histopathology, we can appreciate the specific plaque characteristics on each 

of these imaging modalities. In this review article, we briefly describe some of the 

most commonly encountered plaque features, including plaque calcification, intraplaque 

hemorrhage, lipid-rich necrotic core, and plaque ulceration.
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Clinics Care Points –

Bulleted list of evidence-based pearls and pitfalls relevant to the point of care

• Carotid plaque characteristics can be assessed on US, CTA, and MRA

• Certain plaque features, including intraplaque hemorrhage and plaque 

ulceration are “high-risk” and are independently associated with stroke, 

regardless of degree of stenosis

• Intraplaque hemorrhage, one of the most high-risk plaque features, is T1 and 

TOF hyperintense on MR, low attenuation on CTA, and echolucent on US

• Both plaque characteristics and luminal stenosis should be described when 

reporting on carotid atherosclerosis
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Figure 1. 
Measuring stenosis by NASCET criteria involves first identifying and measuring the area 

of narrowest luminal diameter (a) and then measuring the luminal diameter in the normal 

more distal cervical ICA (b). These measurements should be made in plane with the vessel, 

accounting for vessel tortuosity. NASCET stenosis percentage equals (b-a)/b.
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Figure 2. 
85-year-old female with large calcified plaque at the left carotid bifurcation as seen on US, 

CT, and MR. Doppler (A) and gray scale (B) US images demonstrate large echogenic plaque 

with posterior acoustic shadowing (white large arrows). The posterior acoustic shadowing 

limits appreciation of the size of the plaque. CT on the same patient (C) shows large 

calcified plaque in the posterior aspect of the left carotid bifurcation (arrowhead). Axial slice 

of 3D MR TOF (D) shows area of hypointensity in the posterior aspect of the left carotid 

bifurcation corresponding to the plaque calcification (narrow white arrow).
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Figure 3. 
A-C show US, CTA, and axial 3D MPRAGE MR on the same patient. This 87-year-old 

female with acute right sided stroke (not pictured) had large echolucent plaque in the 

right carotid bifurcation on US (arrowhead), large soft/fibrofatty plaque on CTA (large 

block arrow), and crescentic T1 hyperintense plaque on 3D MPRAGE in the right (narrow 

white arrow) and left proximal internal carotid arteries (ICAs), consistent with intraplaque 

hemorrhage. D is another patient who presented with an acute left sided infarction with 

large crescentic T1 hyperintense plaque in the proximal left ICA (curved arrow), consistent 

with intraplaque hemorrhage. The signal is greater than 2x the intensity of adjacent 

sternocleidomastoid muscle.
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Figure 4. 
Plaque ulceration. Sagittal reformations of CTA (A) and contrast-enhanced MRA (B) 

demonstrate large plaque ulcerations (white arrow and arrowhead) in the proximal ICAs 

in two different patients. Carotid US (C) demonstrating Doppler flow (curved arrow) within 

a large echolucent plaque in the proximal ICA, compatible with large plaque ulceration.
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Figure 5. 
Case study of 71-year-old female presenting with acute right-sided weakness found to have 

multiple acute infarctions throughout the left cerebral hemisphere on axial DWI (A, small 

white arrows). Immediately after rapid brain MRI, she had a CTA head and neck which 

showed a large soft/fibrofatty plaque in the proximal left ICA (B, block arrows) with areas 

of ulceration resulting in less than 50% stenosis by NASCET criteria. On axial MPRAGE, 

she had areas of crescentic T1 hyperintensity (C, curved arrow) consistent with intraplaque 

hemorrhage.
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Table 1.

Description of the most commonly encountered plaque features and their typical imaging findings.

Plaque Feature Definition/histopathologic 
correlate

US finding CTA finding MR finding

Calcification Plaque calcification Echogenic plaque 
with posterior acoustic 
shadowing

Plaque with density of at 
least over 130 HU

Profound hypointensity on 
all sequences

Intraplaque 
hemorrhage

Hemorrhagic plaque 
components

Echolucent plaque Plaque with low attenuation 
in the 40–50 HU range

Hyperintense on all T1 and 
TOF sequences

Lipid-rich 
necrotic core

Necrotic core within 
lipid-rich plaque which 
contains macrophages and 
inflammatory cells

Echolucent plaque Plaque with low attenuation 
in the 40–50 HU range

Hyperintense on T1 
weighted sequences; 
Isointense on TOF

Plaque 
ulceration

Ulceration of the surface 
of the plaque leading to 
exposure of plaque materials 
to the lumen

Concavity along the 
surface of the plaque 
greater than 2 × 
2 mm with Color 
Doppler signal within 
the concavity

Extension of hyperdense 
contrast beyond the vessel 
wall into the plaque by at 
least 1 mm

Surface irregularity on 
most MR sequences with 
extension of contrast 
beyond the lumen wall on 
MRA

HU=Hounsfield units; TOF=time-of-flight
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