
i 
 

Comparing Carotid and Coronary Plaque Composition Using Noninvasive Imaging 

Modalities for Cardiovascular Risk Stratification  

 

 

 

 

By 

 

 

 

Georgia Kersche 

 

 

 

 

A thesis submitted to the Translational Medicine graduate program  

in the Department of Medicine in conformity with the requirements 

 for the degree of Master of Science 

 

 

 

 

 

 

 

Queenôs University 

 

 

Kingston, Ontario, Canada 

 

October, 2023 

 

 

 

 

 

 

 

 

Copyright © Georgia Kersche, 2023 



ii 
 

Abstract  

Noninvasive imaging and early identification of atherosclerosis is one of the most 

important tools for the prevention of cardiovascular events. Coronary artery calcium (CAC) 

scoring and stress echocardiography are widely used for the assessment of coronary artery 

disease (CAD) and to stratify patients for their risk of experiencing adverse cardiac events. 

Patients that have a low or intermediate pretest probability of CAD are at the greatest risk of 

being misclassified and experiencing an unexpected event. We looked into whether carotid 

ultrasound shared associations with CAC scoring. In a sample of low-intermediate risk patients 

with no history of CAD we assessed relationships using Spearman correlation coefficients 

between carotid plaque composition and burden with their CAC scores. We found that plaque 

burden measures including total plaque area (TPA) and carotid intima media thickness (CIMT) 

share a moderate and significant association with CAC score. Carotid composition measures, 

including calcium and fibrous tissue content, did not align with CAC scores. This suggests that 

carotid ultrasound plaque assessment may be useful for predicting CAC scores and the presence 

of CAD, and that CAC scoring can underestimate the presence of soft plaques vulnerable to 

rupture. To further understand how carotid ultrasound changes physician assessments of risk and 

to identify barriers to implementing the tool for this population we surveyed staff cardiologists. 

We identified that the presence of plaque tends to increase their perceptions of patient risk 

compared to stress echo alone. The majority of respondents reported that carotid ultrasound 

would be feasible to add to all stress echoes and would be useful when considering the initiation 

of statin therapy. Our results suggest that the addition of carotid ultrasound to cardiovascular risk 

assessment algorithms does have potential to identify subclinical atherosclerosis and inform 
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patient stratification. Using carotid plaque measures may improve sensitivity and reduce the 

occurrence of cardiovascular events in the low and intermediate risk population.  
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1.1 Introduction - Atherosclerosis and the Etiology of Plaque 

Atherosclerosis refers to the chronic buildup of plaque and stiffening of arterial walls 

over time. The buildup of plaque causes arteries to stiffen and narrow, restricting blood flow, or 

can rupture and cause a clot. Though atherosclerosis is a systemic disease, the buildup of plaque 

in distinct vascular beds cause specific manifestations.  Plaque in the limbs is peripheral vascular 

disease, in the brain is cerebrovascular disease, and of the arterial supply to the heart is CAD. It 

is the most common cause of global mortality and is prevalent in approximately 1 in 12 Canadian 

adults1. The 2013 Global Burden of Disease Study reported coronary artery disease to be the 

greatest contributor of global life years lost2. While the number of fatalities in high-income 

countries is decreasing, atherosclerosis still accounts for a massive proportion of cost to the 

healthcare system due to disease manifestations and complications3. 

 

1.2 Plaque Development and Composition 

Atherosclerosis begins as a fatty streak and eventually develops into atheroma, or plaque, 

which is a lesion of the arterial wall. This lesion is made up predominantly of cholesterol, lipid, 

and inflammatory cells that accumulate between the endothelial wall and the adventitia4. 

Endothelial dysfunction is generally accepted as the initiating step toward the development of 

plaque5. This dysfunction refers to an increase in permeability of the endothelium, increased 

immune cell adhesion, and reduced vessel dilation and anticoagulation6. Endothelial injury 

allows for the infiltration of low density lipoprotein (LDL) into the intimal-medial layer where it 

is oxidized by free radical oxygen and nitrogen species7,8. LDL oxidation stimulates further 

adhesion and diapedesis of monocytes to the intimal wall6. As monocytes continue to 

accumulate, they differentiate into macrophages, which target the oxidized LDL particles9. The 

https://www.zotero.org/google-docs/?5L8Gob
https://www.zotero.org/google-docs/?xRTpUy
https://www.zotero.org/google-docs/?JoaD8w
https://www.zotero.org/google-docs/?q4b7cB
https://www.zotero.org/google-docs/?d85d8N
https://www.zotero.org/google-docs/?xz8Lzd
https://www.zotero.org/google-docs/?YqANDz
https://www.zotero.org/google-docs/?6WL7Rg
https://www.zotero.org/google-docs/?Fm51Yi


3 
 

lipid-laden macrophages are called ñfoam cellsò, and as they accumulate in the intimal-medial 

layer of the arterial wall they create fatty streaks, which is the first physical manifestation of 

atherosclerosis10. This process is predominantly regulated by monocytes, neutrophils, and 

numerous proinflammatory cytokines10. Resulting oxidative stress from the inflammatory 

pathways encourages further atheroma development in a positive feedback loop6.  

A plaque continues to grow and mature over time. In early to intermediate plaque 

development, smooth muscle cells of the medial layer of the wall proliferate and migrate around 

the fatty streak11. This allows stabilization of the lesion through the deposition of connective 

tissue and matrix metalloproteinases12. The involvement of smooth muscle cells and extracellular 

matrix creating a fibrous cap on the luminal side of the plaque is defined as a fibrous plaque. A 

fibrous plaque is moderately stable and unlikely to cause acute events at this stage, but remains 

susceptible to continued growth and destabilization13,14. While a fibrous plaque may be unlikely 

to rupture, it can still cause stenosis and ischemia of the downstream tissues, including 

angina15,16. 

 Plaques that are made up of primarily fibrous and smooth muscle tissue are typically 

stable and unlikely to rupture or ulcerate17. Vulnerable plaques, on the other hand, have features 

such as a thin fibrous cap, large necrotic core, microcalcifications, and intraplaque 

neovascularization18,19. Both advanced and developing plaques can undergo remodeling that 

results in vulnerable features. The disruption of a vulnerable plaque is the most common cause of 

an acute ischemic event like an myocardial infarction (MI), stroke, or transient ischemic attack 

(TIA)15,20. Vascular remodeling is the process by which smooth muscle cells in the medial layer 

of the arterial wall proliferate around a growing plaque. Positive remodeling results in the vessel 

lumen retaining its size despite plaque buildup. While this maintains blood flow and prevents 

https://www.zotero.org/google-docs/?HH2JKj
https://www.zotero.org/google-docs/?W17Fit
https://www.zotero.org/google-docs/?dQiv8u
https://www.zotero.org/google-docs/?s1aszg
https://www.zotero.org/google-docs/?YUQsfC
https://www.zotero.org/google-docs/?9icILg
https://www.zotero.org/google-docs/?9icILg
https://www.zotero.org/google-docs/?iSjLlr
https://www.zotero.org/google-docs/?iSjLlr
https://www.zotero.org/google-docs/?VhhMJY
https://www.zotero.org/google-docs/?09EF0V
https://www.zotero.org/google-docs/?09EF0V
https://www.zotero.org/google-docs/?Fyvhcv
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ischemia, this can lead to thin arterial walls and is associated with a more vulnerable plaque 

phenotype, as the fibrous cap and anchorage to the wall is weaker21,22. Conjointly, plaque 

echolucency and large fatty cores have repeatedly been found to increase the risk of events 

significantly and be associated with CAD19,23,24. Intraplaque neovascularization, or the 

infiltration of microvessels into the plaque, is also emerging as a marker of plaque 

vulnerability25. Carotid intraplaque neovascularization has strong association with coronary 

stenosis >70% and a risk ratio of 1.35 for predicting 30-day events post-angiography26. 

Similarly, calcium deposits found in carotid plaque also increase the risk of major adverse 

cardiovascular events (MACE) and CAD, especially when considered in conjunction with plaque 

height and fat27. Intraplaque neovascularization, echolucency, fibrous tissue, calcification, and 

ulcerated surfaces can all be detected using ultrasound18. 

 

1.3 Risk Factors 

 Atherosclerosis is strongly impacted by modifiable risk factors. Aging, hypertension, 

elevated cholesterol, smoking, and diabetes are among the most significant predictors of 

atherosclerosis presence and subsequent MACE. Hypertension causes greater strain on the 

endothelial layer which promotes the sequelae of plaque development. The majority of people 

with subclinical atherosclerosis are also diagnosed with hypertension. The incidence of 

vascularized and calcified plaques is associated with hypertension28. Controlling hypertension 

with medication is also associated with a reduction in plaque burden found on ultrasound, and a 

lower incidence of MACE. Hypercholesterolemia is similarly a strong predictor of 

atherosclerosis development. Elevated serum LDL is strongly associated with plaque burden and 

other measures of atherosclerosis. One study of unmedicated patients found that hypertension 

https://www.zotero.org/google-docs/?gfZnUB
https://www.zotero.org/google-docs/?gfZnUB
https://www.zotero.org/google-docs/?aLojUw
https://www.zotero.org/google-docs/?rLDc65
https://www.zotero.org/google-docs/?PG8j71
https://www.zotero.org/google-docs/?pq6tAR
https://www.zotero.org/google-docs/?WBR4kc
https://www.zotero.org/google-docs/?4IsWjR
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seems to be associated with early progression by way of endothelial injury, while elevated LDL-

C is associated with advanced progression of plaques due to elevated oxidative stress29. 

 Also associated with a pro-inflammatory environment and atherosclerosis development is 

smoking, obesity, and diabetes. With regard to plaque composition, smoking appears to have a 

bimodal relationship with plaque echogenicity, where cigarette smokers have predominantly low 

density or high-density plaques30. This insinuates a multifaceted relationship with plaque 

inflammation and progression and tobacco smoke. While this relationship requires further study, 

it is known that smoking increases oxidative stress in human endothelial cells, which is posited 

to play a role in atherosclerosis31. Diabetes also impacts macro and microvasculature in many 

ways, hyperglycemia-induced oxidative stress and endothelial dysfunction being a major one32. 

Conjointly, obesity activates proinflammatory pathways that promote macrophage and T-cell 

accumulation in the arteries33. Altogether, cardiovascular risk factors tend to increase 

inflammation, oxidative stress, and in turn endothelial dysfunction that primes the vessel for 

plaque growth.  

 Finally, genetics also play an important role in the development of atherosclerosis, CAD, 

and the risk of MACE. Heritability of the disease is estimated to be approximately 30-60%34. 

Though inquiry into specific genes that play a role in plaque development is complex, numerous 

loci have been identified to have modest effects34. Lipoproteins and hypertension in particular 

have a strong interaction between genetic and environmental determinants35. Further, CAD and 

cardiovascular events are strongly influenced by epigenetic mechanisms that determine how 

environmental and genetic factors interact. It is well-established that a family history of 

cardiovascular disease significantly increases oneôs risk of developing the same34. Thus, while 

https://www.zotero.org/google-docs/?lLrFbK
https://www.zotero.org/google-docs/?ssgrgd
https://www.zotero.org/google-docs/?fnte3F
https://www.zotero.org/google-docs/?XuI94Q
https://www.zotero.org/google-docs/?n5eScx
https://www.zotero.org/google-docs/?xRWe1y
https://www.zotero.org/google-docs/?YtotiU
https://www.zotero.org/google-docs/?dqMvJf
https://www.zotero.org/google-docs/?broken=yQDVXC
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genome sequencing is not yet refined for everyday implications with regard to atherosclerosis, 

family history of events can give an important insight into a patientôs risk of poor outcomes34.  

 

1.4 Clinical Implications of Atherosclerosis 

Plaque buildup causes both acute and chronic ischemic complications36. Both are highly 

prevalent, with 3.1% of American adults having had a MI  and 4.1% living with angina37. 

Narrowing of arteries can lead to long-term insufficient blood flow, as in angina due to CAD. A 

spontaneous plaque rupture, on the other hand, can cause acute ischemic events. Acute events 

include MI , stroke, and TIA, which can collectively be referred to as major adverse 

cardiovascular events (MACE)38. First-time occurrences of such acute events make up the 

majority of cardiovascular deaths. The high mortality of MACE emphasizes the importance of 

early detection and prevention of atherosclerosis39,40.  

When a patient is identified as currently experiencing MACE or being at high-risk of 

MACE, invasive interventions are available to prevent death. For CAD, occluded coronary 

vessels may be treated with an angioplasty, percutaneous coronary intervention (PCI), or a 

coronary artery bypass graft (CABG)41. These are all surgical options that have varying degrees 

of invasiveness with the goal of restoring blood flow to ischemic tissue. These procedures carry 

significant risks of poor outcomes, especially when performed in emergent cases42,43. 

 

1.5 Screening and Diagnosis 

The gold standard for the diagnosis of CAD is coronary angiography. Angiography 

involves introducing a catheter into the radial or femoral artery and threading it into the coronary 

arteries to directly visualize the flow of dye through the coronary system. This identifies the 

https://www.zotero.org/google-docs/?N8nayL
https://www.zotero.org/google-docs/?6gkf53
https://www.zotero.org/google-docs/?U5g5vT
https://www.zotero.org/google-docs/?pkt112
https://www.zotero.org/google-docs/?lPVIKC
https://www.zotero.org/google-docs/?xGK2PD
https://www.zotero.org/google-docs/?QmcpVz
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location and extent of stenosis and wall thickening. Angiography does present some rare but 

relevant risks including infection and MI44. Coronary angiography is also time-consuming and 

costly for hospitals. Considering direct, induced, and complication costs, invasive coronary 

angiography is less cost-effective when the proportion of positive findings is low45. A large 

proportion of coronary angiograms are negative for significant CAD46. Further, several studies 

have reported that MIs are not always associated with the greatest stenosis on angiography. In 

patients who had an MI within 3 years of their angiogram, 13% had no stenosis >50%47. It is 

beneficial to physicians and patients alike to improve pre-test probability predictions for 

angiogram referrals to minimize cost and focus on primary prevention.  

To stratify patients for angiography and medication, risk scores are the most widely 

studied and recommended by guidelines. One of the most common in use in North America is 

the Framingham Risk Score (FRS). The FRS classifies people as at low, intermediate, or high 

risk of experiencing cardiovascular disease over the next 10-years. It takes into account age, sex, 

HDL-C, total cholesterol, systolic blood pressure, smoking status, and diabetes status to 

determine risk level. In general, <10% is defined as low risk, <20% is intermediate risk, and 

>20% is designated as high risk. A challenge here is that a proportion of low to intermediate risk 

patients according to FRS will go on to experience an event and do have other risk factors, like 

coronary calcium and increased carotid intima-media thickness48,49. The FRS provides 

reasonable estimates, but does not take into account symptoms, ethnicity, family history, or 

lifestyle factors other than smoking. The FRS is an indirect measure of relative risk, but more 

direct screening tests can offer further nuance to selecting patients for invasive angiography or 

medications50.  

https://www.zotero.org/google-docs/?Kt1QtK
https://www.zotero.org/google-docs/?ckEN0l
https://www.zotero.org/google-docs/?LPHkpr
https://www.zotero.org/google-docs/?GIRjOE
https://www.zotero.org/google-docs/?pOkqTq
https://www.zotero.org/google-docs/?yElOnr
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Stress echocardiography is a more direct screening tool for the assessment of CAD. It 

uses ultrasound to visually assess changes in cardiac muscle dynamics under demand. The 

exercise or medication-induced stress helps identify ischemic changes that are not otherwise 

obvious at a resting heart rate. Stress echo is recommended for patients with a moderate pretest 

probability of CAD based on their FRS, family history, or symptoms51. The use of stress echo to 

select patients for angiography has led to better prognosis for patients with CAD51. However, 

many patients with a positive stress echo go on to receive a negative angiogram, thus there is 

opportunity for further specificity and selectivity52. As well, though the negative predictive value 

of stress echo is high, this is reduced in patients with dyslipidemia, hypertension, and diabetes53. 

Stress echocardiography is a strong functional capacity test but is limited by frequency of 

inconclusive studies and insufficient specificity.  

A common screening tool for subclinical atherosclerosis is CAC scoring54. The CAC 

score uses a chest computed tomography (CT) scan to identify and quantify calcified lesions 

throughout the epicardial coronary system and derive an Agatston score based on weighted 

density of calcium54. CAC scores are associated with CAD and MACE over 10-years 

independent of other standard risk factors55ï57. While stress echo alone has a negative predictive 

value of 42% in excluding CAD, adding a CAC score has been shown to increase the negative 

predictive value to 92%58. CAC score used in combination with traditional risk scores has been 

shown to improve risk prediction models37. CAC scoring has excellent inter- and intra-reader 

reproducibility59.  

However, the use of CT imparts a small amount of radiation unto the patient and is 

therefore not ideal for repeated imaging to observe treatment effects or disease progression60. 

However, the majority of patients who receive a CAC score of 0 will go on to develop a score >0 

https://www.zotero.org/google-docs/?ktjSc4
https://www.zotero.org/google-docs/?yM4Pov
https://www.zotero.org/google-docs/?z5d95A
https://www.zotero.org/google-docs/?HzwWMA
https://www.zotero.org/google-docs/?Y3aBkN
https://www.zotero.org/google-docs/?FFjmBB
https://www.zotero.org/google-docs/?crxqzn
https://www.zotero.org/google-docs/?CCFyYp
https://www.zotero.org/google-docs/?D8pXoI
https://www.zotero.org/google-docs/?RaAuFV
https://www.zotero.org/google-docs/?wogKeN
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over the next 10 years, and so retesting intervals of 3-7 years have been recommended61. CAC 

scores increase an average of 25 points annually once a score >0 is detected61. Oneôs CAC score 

does not regress, further limiting its use for following a patientôs response to treatment62. For 

example, statin therapy is simultaneously associated with an increase in CAC score over time 

and a reduced risk of MACE61. Thus, CAC score does not share a linear relationship with oneôs 

cardiovascular risk and must be interpreted in the context of other clinical factors. Secondly, 

CAC scoring requires the use of CT which requires additional resources and personnel already 

facing enormous strain in the current COVID-19 pandemic. The Canadian Medical Association 

reports a significant backlog in CT scans found in all the provinces with an average of 33.1 days 

missed in the first wave of the pandemic alone63. Finally, while more common in those with 

severe CAC scores, cardiovascular events do occur in patients across the spectrum of scores 64. 

Hence, alternative screening tools warrant investigation to ease this burden and expand the use of 

calcium imaging in atherosclerosis.  

Carotid ultrasound has emerged as another potential cardiovascular risk stratification tool 

for the low to intermediate risk population65. Like CAC scoring, it is a direct measure of plaque 

burden. Carotid ultrasound allows for the visualization and assessment of the arterial wall of the 

common carotid artery, bulb, and bifurcation into the internal and external carotid arteries. This 

site is one of the earliest locations that visible plaque can be found if present, which suggests 

lesions in other vascular beds66. This point of bifurcation typically has turbulent blood flow, 

which promotes endothelial stress and injury67. This site has been widely used for the prediction 

of stroke and TIA, due to its proximity to the cerebrovascular bed68ï70. It has also been proven to 

share a link with CAD and atherosclerotic outcomes71. It is also reasonably associated with the 

https://www.zotero.org/google-docs/?BDp03J
https://www.zotero.org/google-docs/?PLZY8A
https://www.zotero.org/google-docs/?u0CrO6
https://www.zotero.org/google-docs/?zJUzg5
https://www.zotero.org/google-docs/?NVNchJ
https://www.zotero.org/google-docs/?or5pz0
https://www.zotero.org/google-docs/?tu8CxA
https://www.zotero.org/google-docs/?TGTI2z
https://www.zotero.org/google-docs/?ibVA6j
https://www.zotero.org/google-docs/?JHPYEV
https://www.zotero.org/google-docs/?hZVBLD
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FRS72. Carotid imaging is a good long-term predictor of MI73. Carotid ultrasound is 

reproducible, reliable, and well suited to repeated imaging over time.  

Carotid ultrasound gives information on CIMT, plaque area, plaque height, plaque score, 

as well as the composition of each lesion. CIMT measures the extent of inflammation of the 

innermost layer of the arterial wall. Increased CIMT has been well-studied and is a moderate 

predictor of CAD and MACE50. High-risk CIMT in the 75th percentile for their age- and sex-

matched cohort can be identified even in patients with a CAC score of 074. Plaque area, height, 

and score are measures of the total burden of plaque in oneôs carotid artery at the site of interest. 

Plaque score is associated with MACE and to the development of a non-zero CAC score75,76. 

Conversely, total plaque area and maximum plaque height have not yet been well substantiated 

by research. Carotid ultrasound is unique because it not only assesses overall plaque burden, but 

it can also give insight into the vulnerability of present plaque. Unlike CAC scoring, carotid 

ultrasound detects plaque of any composition18,77. Plaque vulnerability features like lipid-rich 

necrotic core, echolucency, intraplaque neovascularization, and calcium deposits can all be 

identified at the bedside78. This assessment can be done using an abbreviated scan taking an 

average of 5 minutes for imaging and interpretation by experienced readers79. Given its 

convenience and multifactorial cardiovascular assessment capabilities, carotid ultrasound is 

worth further investigation into how it may be incorporated more widely into practice.  

 

1.6 Hypothesis, Aims, and Objectives 

We sought to investigate associations between the CAC score and carotid ultrasound. To 

the best of our knowledge, no prior direct pair-wise associations have been made between carotid 

plaque composition and CAC score. We hypothesized that carotid plaque burden, %Calcium, 

https://www.zotero.org/google-docs/?0JreZ2
https://www.zotero.org/google-docs/?sMxreB
https://www.zotero.org/google-docs/?HUuIfY
https://www.zotero.org/google-docs/?pnDnhw
https://www.zotero.org/google-docs/?TspQfv
https://www.zotero.org/google-docs/?xX2KWN
https://www.zotero.org/google-docs/?r8K45O
https://www.zotero.org/google-docs/?EG9BRJ
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and %Fibrous tissue will be correlated with CAC score. Our primary aim was to determine if 

there is a correlation between carotid plaque composition and coronary artery calcification. 

Secondarily, we confirmed an association between plaque burden measures and coronary 

calcification. Then, to apply these results to the clinical setting, we surveyed cardiologists to 

determine their opinions and perceptions about carotid ultrasound and barriers to regular 

practice.  
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Chapter 2 

The Association of Carotid Plaque Burden and Composition and the Coronary Artery 

Calcium Score.  
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2.1 Abstract 

Background: Both the carotid ultrasound and coronary artery calcium (CAC) score quantify 

subclinical atherosclerosis and are associated with cardiovascular disease and events. However, 

the CAC score requires radiation and is more costly and time-consuming than ultrasound. This 

study investigated the association between CAC score and carotid plaque quantity and 

composition. 

Methods: Adult participants (n=43) with no history of cardiovascular disease were recruited to 

undergo a carotid ultrasound. Maximum plaque height (MPH), total plaque area (TPA), CIMT, 

and plaque score was measured. Grayscale pixel distribution analysis of ultrasound images 

determined tissue composition within plaques. Participants then underwent CT to determine 

CAC score, which were also categorized as absent (0), mild (1-99), moderate (100-399), and 

severe (400+). 

Results: The mean age of participants was 63 ±11 years. CIMT, TPA, MPH, and plaque score 

were significantly associated with CAC score (r=0.60, p<0.0001; r=0.54, p=0.0002; r=0.38, 

p=0.01; and r=0.49, p=0.001). Echogenic composition features %Calcium and %Fibrous tissue 

were not correlated to a clinically relevant extent, and only CAC score and Total %Fibrous tissue 

reached significance (r=0.19, p=0.006). There was a significant difference in the TPA, MPH, and 

plaque scores of those with a severe CAC score category compared to lesser categories.  

Conclusions: While carotid plaque burden was associated with CAC score, plaque composition 

was not. Carotid ultrasound gives information on both burden and composition, but CAC score 

only identifies calcification. Carotid ultrasound is low cost and easily incorporated into clinic 

visits. Carotid ultrasound used in conjunction with traditional risk factors may be an alternative 
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to CAC scoring, and could improve prediction of cardiovascular events in the moderate risk 

population. 

2.2 Introduction  

Screening tools for detecting coronary artery disease are paramount for the prediction and 

prevention of major adverse cardiovascular events (MACE). Current screening tools are sensitive 

for predicting events for those who fall in the high- and low-risk categories. The intermediate 

risk population, however, are at the highest risk of being misclassified by existing tools80. 

Optimizing the screening protocol for this population reduces both healthcare costs and the 

incidence of MACE more accurately by efficiently allocating resources and personnel. Carotid 

artery ultrasound is a promising risk stratification tool that addresses the aforementioned goals. 

To date, it is unknown how the carotid ultrasound directly compares to other screening tools, 

namely the coronary artery calcium (CAC) score. Further, plaque composition analysis has been 

underutilized and could improve the prediction of events making carotid ultrasound a valuable 

tool in this population81,82. 

         The CAC score is sensitive for predicting the presence of coronary artery disease (CAD) 

and oneôs long-term risk of MACE54. It uses computed tomography (CT) to quantify calcified 

lesions of the coronary arteries. The Agatston scoring method is the most widely used system for 

CAC scoring. Agatston scoring is reproducible with an interreader variability of 3% and 

intrareader variability of <1%83. A CAC score of greater than 400 is associated with a >20% risk 

of MACE over the next 10 years84. A patientôs score can also be considered by percentile relative 

to their age and sex cohort to give context to their raw scores85,86. Studies consistently find that 

the CAC score has a greater area under the curve and improved reclassification indexes than risk 

factor formulas including the FRS54,87ï89. In an out-patient population with chest pain, the CAC 

https://www.zotero.org/google-docs/?mPzGL5
https://www.zotero.org/google-docs/?pHSKpE
https://www.zotero.org/google-docs/?OnkWtI
https://www.zotero.org/google-docs/?159yvD
https://www.zotero.org/google-docs/?UkatJu
https://www.zotero.org/google-docs/?7Hd4ZV
https://www.zotero.org/google-docs/?jqMP2A
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score was found to have an 88.1% sensitivity, 71.8% specificity, and 97.2% negative predictive 

value for detecting incident CAD. When considered in conjunction with the FRS, its 

performance is marginally improved (89.3% sensitivity, 74.7% specificity, and 97.5% negative 

predictive value)89. Similarly, it is useful for risk reclassification of experiencing MACE56,57,76. 

For this population the performance of the CAC score approached that of functional testing like 

stress echocardiography and myocardial perfusion imaging. It is generally accepted as a useful 

risk stratification tool and relevant in deciding treatment courses for adults with subclinical 

atherosclerosis, including decisions about statin therapy and angiography.  

However, CT imparts a small amount of radiation unto the patient and is therefore rarely 

used for long-term repeated follow-up. Although serial scanning has been proposed for assessing 

a patientôs response to medication by comparing whether the CAC score increases or remains 

stable over time, this is not currently recommended for most people by ACC/AHA guidelines 

and further research is required90. Also, the CAC score may underestimate the burden of non-

calcified lesions91. Plaque with a greater proportion of low-density tissue is more likely to 

rupture and cause MACE19,24,92ï94. Females are more likely to have larger, less calcified lesions, 

making CAC scores predictive of mortality in male patients more than femaless86. Black patients 

have also been found to have lower CAC scores than white counterparts, even though Black 

patients tend to be of a higher risk for CAD95. Neglecting ultrasound and relying solely on CT 

can potentially miss more vulnerable plaques and therefore underestimate risk among certain 

populations. Finally, the use of CT is more expensive than ultrasound technology, placing 

additional stress on an already strained medical system. The Canadian Medical Association 

reports a significant backlog in CT found in all provinces63. Hence, investigation into the 

alternative tools to ease this burden and maximize the value of tests is warranted. 

https://www.zotero.org/google-docs/?YyxAvS
https://www.zotero.org/google-docs/?YQL1pO
https://www.zotero.org/google-docs/?Zo9unt
https://www.zotero.org/google-docs/?auZXCD
https://www.zotero.org/google-docs/?TZYFRA
https://www.zotero.org/google-docs/?LB0IM0
https://www.zotero.org/google-docs/?7w8zKg
https://www.zotero.org/google-docs/?b5Z27X
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         As atherosclerosis is a systemic disease, the carotid arteries are a strong correlate to the 

coronary arteries but are more visually accessible66. Previous work by our lab and others have 

established the relationship between carotid plaque and CAD in high-risk patients undergoing 

angiography26,96. This relationship needs further examination in the low to intermediate risk 

population. Plaque and increased CIMT is associated with other measures of atherosclerosis 

throughout the body97,98. Its strengths include its relative low-cost, speed and simplicity of 

performance, and ease of interpretation. An abbreviated carotid ultrasound can not only quantify 

measures of plaque burden including TPA, MPH, CIMT, and plaque score, but also the 

composition of any lesions present99. Carotid plaque height and TPA on ultrasound are 

associated with significant coronary artery disease, even in a younger population70. In higher-risk 

patients referred for angiography, carotid ultrasound plaque burden was found to be associated 

with coronary artery stenosis severity82. The absence of carotid plaque also has a good negative 

predictive value for the absence of CAD82,100. Beyond the prediction of CAD, carotid plaque is 

also useful for the prediction of MACE 70,71,101.   Plaque composition analysis has been used by 

our lab to predict 5-year MACE and stenosis severity on angiography in the high-risk 

population27. The proportion of calcium, fibrous, lipid, and bloody tissue may provide similar 

insights in the low-moderate risk population as well.   

While some comparisons have been drawn, this is the first study as far as we know that 

directly compares measures of both plaque composition and burden with CAC score. For 

example, CAC score was found to be a similar predictor of stroke and a better predictor of 

cardiovascular events and the presence of CAD than carotid plaque score in the Multi-Ethnic 

Study of Atherosclerosis102. Another study found that carotid ultrasound was more sensitive for 

detecting asymptomatic atherosclerosis than CAC scoring in a cohort of a similar age to the 

https://www.zotero.org/google-docs/?tJWmSm
https://www.zotero.org/google-docs/?KLgY6F
https://www.zotero.org/google-docs/?2E5e9A
https://www.zotero.org/google-docs/?ooaZti
https://www.zotero.org/google-docs/?odi76C
https://www.zotero.org/google-docs/?V7XiMb
https://www.zotero.org/google-docs/?nhwkil
https://www.zotero.org/google-docs/?MtLY4O
https://www.zotero.org/google-docs/?o83rnx
https://www.zotero.org/google-docs/?3pqlXP
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sample studied here98. The American Heart Association listed carotid ultrasound and CAC 

scoring at the same level of treatment effect (IIa, Benefit >> Risk) in their guidelines39. Studies 

investigating carotid plaque composition and CAC scoring have not yet been undertaken. Thus, 

we sought to clarify the association between the CAC score and carotid ultrasound measures. We 

hypothesized that carotid plaque %Calcium and %Fibrous tissue is correlated with CAC score. 

Additional analyses investigated plaque burden (TPA, MPH, plaque score, and CIMT) and its 

association with CAC score. 

2.3 Methods 

Study Design 

This study was approved by the Queenôs Health Sciences Research Ethics Board. We 

performed a cross-sectional, 2-centre study assessing the association between carotid ultrasound 

and CAC scoring for an assessment of subclinical atherosclerosis in stable outpatients. We 

enrolled adults with no history of significant coronary artery disease and cardiovascular events 

who were referred for stress echocardiography for cardiovascular risk stratification. Patients 

were recruited from the Kingston Health Sciences Centre and Kingston Heart Clinic. This sub-

study ran concurrently under an ongoing parent project, the CIRCE Study (Combining 

Intraplaque Neovascularization with Risk Stratification by Carotid Stress Echo). Briefly, the 

CIRCE study is investigating the additive value of an abbreviated carotid ultrasound applied to 

patients receiving stress echo for the prediction of events and the need for angiography. The 

present sub-study enrolled a subset of CIRCE participants to undergo cardiac CT for calcium 

scoring within 6-months of their carotid ultrasound. This window was chosen based on studies 

which found that significant increases in CAC scores can be found at time points >6 

https://www.zotero.org/google-docs/?hACMrQ
https://www.zotero.org/google-docs/?PoIyp9
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months103,104. We selected a population with a ranging extent of plaque in the carotid arteries 

based on their carotid ultrasound.  

CIRCE Inclusion Criteria:  (1) Males or females aged Ó18 years; (2) Referred for an 

assessment of ischemia and risk stratification; (3); and the ability and willingness to give 

informed written consent. CIRCE Exclusion Criteria:  (1) Emergency procedure, or active 

acute coronary syndrome (active chest pain, ischemic electrocardiogram changes, or cardiac 

enzyme elevation); (2) Referral for viability, pulmonary hypertension, or valve assessment; (3) 

Referral outside of the normal working hours; (4) History of significant CAD: percutaneous 

coronary intervention [PCI], coronary artery bypass graft [CABG], or coronary angioplasty; (5) 

History of stroke or myocardial infarction (MI); (6) Known or documented hypersensitivity or 

allergy to perflutren (DEFINITY® contrast agent); (7) Known or documented allergy to 

Polyethylene Glycol (Peg) a component of DEFINITY®; (8) History of carotid surgery 

(endarterectomy or stenting); (9) Any serious medical condition or complication from the stress 

test that according to the investigator could interfere with the carotid scan or optimal care; (10) 

Currently pregnant or breastfeeding; and (11) Previous enrolment into the study. Additional 

Sub-Study Exclusion Criteria: (1) Incomplete CIRCE study images; (2) Any contraindication 

for receiving a cardiac CT; and (3) Weight >675lb, abdominal width >70cm, or other physical 

inhibition from using the CT. 

 

Carotid Ultrasound Protocol and Interpretation 

A focused carotid ultrasound protocol was carried out for all participants at the time of 

their stress echo. This protocol has been validated by our lab79. Carotid ultrasounds were 

performed by cardiac sonographers trained in the vascular scan and supervised by a research 

https://www.zotero.org/google-docs/?UtjnYw
https://www.zotero.org/google-docs/?M8shm5
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delegate. An example of the images captured for each participant is presented in Figure 2.1. The 

abbreviated scan included a cross-sectional sweep of the common carotid artery up to the 

bifurcation into the internal and external carotid arteries. Longitudinal still images of the 

common carotid, bulb, and internal carotid arteries were also obtained. Care was taken to ensure 

that any focal protrusions were captured at their maximal height. This process was repeated for 

both the left and right sides of each participant. For all participants, plaque height, plaque area, 

and CIMT was collected manually using calipers on EchoPAC software (v. 113, GE healthcare). 

Plaques are defined as focal protrusions >1.5mm in height or 50% greater than the adjacent 

CIMT. Where multiple plaques are present, all plaque areas were summed to define the TPA. 

MPH was recorded as the greatest single plaque height measurement between both sides taken at 

a perpendicular angle to the associated adventitia. The mean CIMT between the measurements 

for the left and right sides was considered as the CIMT for analysis. For the plaque score, carotid 

arteries were scored according to the Rotterdam method, whereby each artery is considered as 3 

segments: the common carotid artery, the bulb, and the internal carotid artery for both the left 

and right sides. The segments with plaque present are summed to produce a plaque score of up to 

6/6.  The result of the stress echo was also recorded, and inconclusive tests were categorized as 

negative.  

 

Figure 2.1. Summary of views with example carotid ultrasound images.  
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Carotid Composition Analysis 

Carotid plaque composition was determined using pixel distribution analysis. B-mode 

DICOM images were exported and uploaded to Intelliplaque © (Ferko Liblik Inc.). Images were 

normalized so that the lumen had a greyscale median value of 0 and the far wall adventitia has a 

value of 190. The percent of pixels that fall within published ranges for each tissue was recorded 

for the left and right carotid arteries for each patient. Ranges established and validated by 

histological analysis by Lal et al. in 2002 have been widely used, they are as follows: 0-4 

(Blood), 8-26 (Fat), 41-76 (Muscle), 112-196 (Fibrous), and 211-255 (Calcium)77. The total 

proportion of analyzed pixels that fall within each category between both sides for a patient was 

recorded and used in data analysis. For those with no plaque detected all values were 0.  

 

 

Figure 2.2. Example of plaque size and composition analysis. Blue and orange calipers describe 

the plaque height, and the green and yellow outlines measure plaque areas (left). Intelliplaque 

composition analysis shows colour-coded pixels to describe the makeup of each lesion based on 

the greyscale median ranges by Lal et al. Red = Blood, Yellow = Fat, Green = Muscle, Purple = 

Fibrous, and Blue = Calcium (right).  

 

 

https://www.zotero.org/google-docs/?gcfrjK
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CAC Score Interpretation 

The absolute Agatston score was determined by an experienced cardiac CT reader, Dr. 

Raveen Pal, who was blinded to the participantôs stress echo and carotid ultrasound results. 

Agatston scoring uses weighted density scoring, whereby the area of calcification in millimetres 

squared is multiplied by the highest attenuation value ranging 1-4. An example of one slice of 

the CT imaging and pixel attenuation is shown in Figure 2.3. Raw scores were categorized to be 

Absent (0), Mild (1-99), Moderate (100-399), or Severe (400+)105. CAC scores were then 

compared to published reference values according to each participantôs age, sex, and race to 

define their CAC percentile (https://www.mesa-nhlbi.org/CACReference.aspx)106.  

 

 

Figure 2.3. A single transverse slice of an example patientôs coronary calcium scan. The red 

arrow points toward the left anterior descending artery (LAD). The bright white areas represent 

calcium. In this patient, the LAD had a total Agatston score of 291.  

 

https://www.zotero.org/google-docs/?zLNtQQ
https://www.zotero.org/google-docs/?ammBEB
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Statistical Analysis 

We ran pairwise analyses to determine the Spearman correlation coefficient for %Calcium, and 

%Fibrous tissue with CAC score. Similar analyses were carried out for all other composition 

parameters, as well as burden measures TPA, MPH, plaque score, and CIMT to CAC score. The 

same variables were compared to CAC categories (absent, mild, moderate, and severe) using the 

Kruskal-Wallis ANOVA test and post-hoc Dunnôs test where relevant. These factors were also 

compared to CAC score age- and sex-based percentiles. Finally, subgroup analyses were run to 

preview whether sex, statin use, obesity, and smoking history provide further context to any 

observed correlations. Correlation coefficients that are 0.70-0.99 were considered very strong, 

0.50-0.69 were substantial, 0.30-0.49 were moderate, 0.10-0.29 were low, and 0.01-0.09 were 

considered to be negligible107. A correlation of >0.60 is commonly considered to be clinically 

relevant, and a p-value <0.05 was considered statistically significant108.  

 

 

 

 

 

 

 

 

 

 

 

https://www.zotero.org/google-docs/?nyeI0z
https://www.zotero.org/google-docs/?cQFWOD
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2.4 Results 

A total of 43 participants were enrolled from Kingston Health Sciences Centre and the 

Kingston Heart Clinic June 2022 to May 2023. B-mode carotid ultrasound scans took an average 

of 5-minutes to complete. The enrollment process is detailed in Figure 2.4.  

 

 

 

Figure 2.4. Study participant recruitment flow chart. 
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Table 2.1. Baseline Characteristics of Participants 

 Overall Cohort (n=43) 

Male Sex 20 (46.5%) 

Mean Age, y 62.8 ± 11.3 

Obesity (BMI >30kg/m2 16 (37.2%) 

Diabetes Mellitus 7 (16.3%) 

Hypertension 21 (48.8%) 

Hyperlipidemia 21 (48.8%) 

Smoking History 19 (39.9%) 

Family History of CAD 27 (62.8%) 

History of CVD 2 (4.7%) 

History of PVD 2 (4.7%) 

Current statin use 13 (30.2%) 

Current ACE inhibitor use 9 (20.9%) 

Current ARB use 8 (18.6%) 

Current antiplatelet use 20 (46.5%) 

Carotid plaque present (Plaque Score > 0) 39 (90.7%) 

Median CAC Score (IQR) 88 (0, 289) 

BMI indicates body mass index; CAD, coronary artery disease; CVD, cerebrovascular disease; 

PVD, peripheral vascular disease; ACE, angiotensin converting enzyme; and ARB, angiotensin 

receptor blocker. 

 

The baseline characteristics of participants with complete ultrasound and CT imaging 

(n=43) are described in Table 2.1. CAC scoring and ultrasound image analysis was performed at 

Queenôs University by experienced readers. Participants were mean (SD) 62.8 (11.3) years old, 

and 53.5% were female. Hyperlipidemia and hypertension were the most commonly observed 

cardiovascular risk factors among this sample, each recorded in 48.8% of participants. Carotid 
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plaque was found in 90% of participants, and 67% had a non-zero CAC score (Table 2.2). CAC 

scores ranged from 0 to 3059, with a mean of 337 and median of 88.  

 

Table 2.2. Summary of imaging data 

Imaging Data Overall Cohort (n=43) 

Mean Total Plaque Area (mm2) 41.64 ± 33.7 

Mean Maximum Plaque Height (mm) 2.45 ± 1.21 

Mean Plaque Score 2.65 ± 1.63 

Mean Carotid Intima Media Thickness 0.84 ± 0.36 

Absent Calcium (CAC Score=0) 14 (32.6%) 

Mild CAC (1-99) 11 (25.6%) 

Moderate CAC (100-399) 10 (23.3%) 

Severe CAC (400+) 8 (18.6%) 

 

 The pairwise correlations found between carotid plaque features and CAC scores are 

summarized in Table 2.3. CIMT showed the strongest correlation to CAC score at r=0.60 

(p<0.0001). TPA, MPH, and plaque score were also significantly associated with CAC score 

(r=0.54, p=0.0002; r=0.38, p=0.01; and r=0.49, p=0.001). A one-way ANOVA revealed that the 

TPA, MPH, and plaque scores of those with severe CAC scores are significantly different than 

those with CAC scores of 0. Figures 2.5-2.8 show correlations between CAC scores and 

categories.  
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Plaque composition features were not suggestive of CAC score (Table 2.3). %Fibrous 

tissue was mildly correlated (r=0.19, p=0.006), but this association is not clinically relevant 

(Figure 2.9). The primary feature of interest, %Calcium of carotid plaques, had no clear 

relationship with coronary calcium within this sample (Figure 2.10).  

 

Table 2.3. Summary of carotid plaque associations with CAC scores. 

Factor Pairwise association 

to CAC Score (CI) 

p-value 

Total Plaque Area 0.54 (0.29, 0.72) 0.0002 

Maximum Plaque Height 0.38 (0.08, 0.61) 0.01 

Plaque Score 0.49 (0.22, 0.69) 0.001 

Carotid Intima Media Thickness 0.60 (0.18, 0.66) <0.0001 

Composition 

Total %Calcium 0.09 (-0.22, 0.38) 0.59 

Total %Fibrous Tissue 0.19 (-0.11, 0.47) 0.006 

Total %Muscle 0.06 (-0.25, 0.35) 0.71 

Total %Fat 0.01 (-0.29, 0.31) 0.95 

Total %Blood 0.07 (-0.24, 0.36) 0.65 
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Figure 2.5. Association of Carotid Intima Media Thickness and Coronary Artery Calcium Score.  

 

Figure 2.6. Association of Total Plaque Area and Coronary Artery Calcium Score. 
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Figure 2.7. Association of Maximum Plaque Height and Coronary Artery Calcium Score. 

 

Figure 2.8. Association of Plaque Score and Coronary Artery Calcium Score. 
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Figure 2.9. Association of Carotid Total %Fibrous tissue and Coronary Artery Calcium Score. 

 

Figure 2.10. Association of Carotid Total %Calcium and Coronary Artery Calcium Score. 
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We repeated the analysis with the same plaque burden and composition measures 

compared to CAC percentiles (Table 2.4). We found similar correlation trends to the raw CAC 

score. The association with plaque score was strongest (r=0.54, p=0.0002), and associations with 

composition features did not reach significance. The association between CIMT and CAC 

percentile was notably lower than CIMT and raw CAC score, potentially in part due to CIMTôs 

strong association with age. As CAC percentiles compare scores to those of the same age, we do 

not expect CAC percentile to increase over time linearly as CIMT typically does. Plaque 

composition features did not hold significant relationships with CAC percentiles, either (Table 

2.4).  

 

Table 2.4. Summary of carotid plaque associations with CAC percentiles 

Factor Pairwise association to 

CAC Percentile (CI) 

p-value 

Total Plaque Area 0.46 (0.16, 0.66) 0.0018 

Maximum Plaque Height 0.42 (0.11, 0.63) 0.0047 

Plaque Score 0.52 (0.25, 0.71) 0.0002 

Carotid Intima Media Thickness 0.29 (-0.02, 0.55) 0.007 

Composition 

Total %Calcium 0.18 (-0.13, 0.46) 0.2463 

Total %Fibrous Tissue 0.28 (-0.03, 0.54) 0.0540 

Total %Muscle 0.22 (-0.09, 0.49) 0.0939 

Total %Fat -0.03 (-0.34, 0.27) 0.8364 

Total %Blood 0.05 (-0.26, 0.35) 0.6841 
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We performed preliminary subgroup analyses to investigate if some carotid plaque 

burden was more predictive of CAC score in certain populations (Figure 2.11). We acknowledge 

that this pilot design does not achieve adequate power for subgroup analyses and include the data 

here with the purpose of discussing necessary nuances that should be investigated in a larger 

study. With this limited sample, there were no significant differences between sexes, statin use, 

and obesity status. There appeared to be a difference with regard to smoking history, where 

carotid TPA held a strong correlation to CAC score in past or current smokers but not in those 

who had never smoked (p=0.01). A larger sample is needed to confirm this difference, and to 

confirm the lack of difference between other subgroups. This assessment should also be repeated 

for all other parameters of plaque burden and composition assessed here.  

 

 

Figure 2.11. Forest plot of subgroups and their correlations with TPA and CAC score.  
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2.5 Discussion 

We used carotid ultrasound and cardiac CT imaging to examine the relationship between 

carotid and coronary plaque burden and composition. Carotid plaque burden features appear to 

show moderate correlations with CAC score in adults with no history of significant 

cardiovascular disease. These results are similar to those relationships between carotid plaque 

and CAC score that were found with similar variables in other studies. Cohen et al. found that 

both CIMT and the presence of plaque increases the probability of a CAC score >0 even after 

controlling for age and sex97. They found modest correlations between all measures of plaque 

burden that they measured and CAC score, similarly reproduced by the study presented here. 

Further, another publication from the Multi-Ethnic Study of Atherosclerosis (MESA) reported 

that having carotid plaque predicts the development of a positive CAC score within 2.4 years62. 

Echoing our own results, they also found that CIMT was significantly greater in those with a 

CAC score >0 than those with a 0 CAC score71.  The strongest correlation found in this study 

was between CIMT and CAC score, which echoes the findings of other studies. A meta-analysis 

found a significant correlation of r=0.43 between CIMT and CAC score, which supports our 

results66. Moderate correlations seem to exist between most measures of carotid plaque burden 

and CAC score, CIMT and plaque score being those most widely reported in literature. However, 

this study suggests that TPA and MPH also correlate with CAC score. Unlike CIMT and plaque 

score, TPA and MPH are direct measures of the amount of plaque in the carotid arteries. With 

regard to the prediction of MACE, TPA has a greater diagnostic accuracy than CIMT101. Our 

study emphasizes the need for further research on the topic involving TPA and MPH. 

The rho values of the measures of plaque burden and CAC score ranged from 0.38 to 

0.60, which are generally considered to indicate a moderately strong relationship108. However, 

https://www.zotero.org/google-docs/?Z6nk2I
https://www.zotero.org/google-docs/?M496wA
https://www.zotero.org/google-docs/?rNAc96
https://www.zotero.org/google-docs/?ywWbUp
https://www.zotero.org/google-docs/?2oiHrV
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the confidence intervals show that some of these relationships could be considered weak or 

strong as well. The moderate correlations about plaque burden and CAC score indicate that 

ultrasound of the carotid arteries and calcium scoring of the coronary arteries should not be used 

in place of one another in most cases. Instead, these findings provide some tentative initial 

evidence that carotid ultrasound may complement other assessments to contribute to a full 

picture of a patientôs risk.  

Our results did not endorse the hypothesis that echogenic plaque composition features are 

correlated to CAC score. In fact, the incidence of calcium deposits in carotid plaques was low, 

with only 7 (16%) participants with a carotid %Calcium > 0. These findings suggest that the 

deposition of calcium is far greater in the coronary system than the carotid system. Other works 

have assigned this discrepancy in part to the difference in pressure and augmentation index as the 

coronary arteries originate directly from the aortic arch and the carotids are measured 20cm 

away109. Differences in pressure, and the inherent distinction with which atherosclerosis seems to 

impact different vascular beds with variances in inflammatory processes, are likely responsible 

for the incongruence. For example, while the process leading to coronary calcification is not 

fully elucidated, it is established that a major regulating factor is that vascular smooth muscle 

cells undergo trans-differentiation to become osteoblast-like cells that create calcium matrices111. 

The pro-calcific pathways necessary to stimulate this process are activated by mechanical 

stimulus such as pulsatile pressure as demonstrated in the coronary system111. One study used 

Agatston scoring on both the carotid and coronary vascular beds to directly compare scores 

within one imaging modality and found that CAC score tended to be significantly greater than 

carotid plaque Agatston score109. They also found a modest correlation of r=0.38 between sites. 

The population studied was at higher risk and had more extensive mean development of plaque 

https://www.zotero.org/google-docs/?CsbEpU
https://www.zotero.org/google-docs/?CsbEpU
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in both systems, but the use of the same imaging and scoring techniques is a strength of the 

study109. The relationship between calcium in different vascular beds may strengthen in more 

advanced disease stages. Further, carotid composition analysis may provide useful insight in 

terms of mortality and cardiovascular outcomes. In another study comparing Agatston scores in 

different vascular beds, carotid calcium was found to be associated with a lower probability of 

survival than coronary calcium110. Taken together, our results support findings that suggest 

calcium in certain vascular beds may not be predictive of one another, and carotid assessment 

may reveal otherwise undetected vulnerabilities.  

Atherosclerosis is generally thought of as a ubiquitous disease, but carotid and coronary 

arteries do not develop plaque in a phenotypically identical manner, especially prior to the 

advanced lesion stage109,111. A meta-analysis by Bytyçi et.al concluded that while plaque builds 

in both the coronary and carotid systems simultaneously, plaque calcification, lipid-rich necrotic 

core, and intraplaque hemorrhage as detected by MRI imaging did not share a strong link. 

However, they reported an r of 0.61 comparing carotid calcification and CAC scores greater than 

40066. This describes a complex relationship between plaque composition variables, but confirms 

that those with severe CAC scores are more likely to have calcified plaques throughout the body, 

which is supported by our findings.  It would be of interest to repeat our study in a higher risk 

population, as those with advanced age, known >50% coronary stenosis, or a history of MI or 

PCI have a greater %Calcium on average27,109. 

The differences in plaque morphology and development have been attributed to several 

factors and pathways111,112. The most widely reported factors dictating development include 

redox signaling pathways, vascular tone and endothelial function, wall shear stress, and vessel 

circumference111. For example, detectable plaque tends to develop first in large-diameter vessels, 

https://www.zotero.org/google-docs/?avUdD3
https://www.zotero.org/google-docs/?rEMdpX
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and only in smaller distal vessels with more advanced disease and aging113. Wall shear stress 

exerts a great frictional force on large vessels at points of curvature and bifurcation. 

Interestingly, in human carotid arteries at the common carotid bifurcation, low wall shear stress 

promotes vulnerable lesion development, whereas plaque develops slower and with a less 

vulnerable phenotype in areas of high shear stress67,113. Some studies do, however, discuss how 

high shear stress exerted on plaque can trigger inflammatory processes that can increase the 

vulnerability of a plaque114. This in part explains how the lipid-rich core and fibrous cap of 

plaques are expected to differ between beds. Altogether, carotid arteries will most likely show 

detectable plaque sooner than coronary arteries, and these plaques are more likely to be larger 

and exhibit a thin fibrous cap, neovascularization, and a lipid core as signs of vulnerability. 

Coronary arteries, on the other hand, tend to develop more diffuse plaque, vascular remodeling, 

and calcification. 

We ran limited subgroup analyses for a few key variables: sex, statin use, obesity, and 

smoking history. While this pilot study did not support a large enough sample to adequately 

power subgroup analyses, correlations do appear to align with findings from similar studies. 

Females tend to have smaller and more echogenic plaques than males115,116. It is well-

acknowledged throughout the literature that cardiovascular risk assessment of females must 

consider the physiological differences and disproportionate late diagnosis of cardiovascular 

disease. Screening tests and risk calculators that do not account for females specifically lead to 

elevated morbidity and mortality for this population. Secondly, statin use is associated with a 

more stable clinical presentation of coronary plaques including greater calcium content and 

smaller plaque burden117. This relationship was seen again in carotid plaques, where the 

Rotterdam study found that statin treatment is positively associated with calcium presence92. 

https://www.zotero.org/google-docs/?K9vlCV
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https://www.zotero.org/google-docs/?pgHoIl
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Cigarette smoking has a nonlinear relationship with plaque morphology but increasing pack 

years is associated with echogenicity and markers of vulnerability30. Smoking appears to have a 

similarly complex relationship with CAC score, with both an association to greater CAC score 

and high-risk coronary plaque in low CAC scoring patients having been reported118,119.  Nicotine 

and oxidative stress induces pro-calcific processes by upregulating Nox5-mediated pathways, 

making vascular smooth muscle cells increase their deposition of calcium in carotid arteries119. 

We acknowledge that while the results presented here are not statistically fit to be used in 

guideline creation, we hope that this study contributes to a large future trial that investigates 

these subgroups further. Further, considerations for factors that are known to impact 

atherosclerosis development may lend further insight of how each screening tool should be 

applied. Carotid ultrasound and CAC scoring may be weighed proportionally depending on a 

patientôs risk factors to assist clinicians in making decisions about invasive testing and medical 

therapies. 

While coronary stenosis is credited with angina and ischemic symptoms, acute coronary 

syndromes are most often caused by spontaneous plaque rupture which is not entirely associated 

with the degree of stenosis120. Independently, CAC score is a better predictor of cardiovascular 

events than CIMT and plaque score alone76,121. This study has demonstrated that consideration of 

several carotid features together is possible and may improve accuracy of event prediction. 

Vulnerable plaques can be present in the absence of clinically significant coronary stenosis120. In 

fact, Since CAC score is primarily used to predict CAD and the degree of coronary stenosis, 

there remains a role for other assessments of plaque vulnerability. Certain populations may 

benefit from vulnerable plaque assessment more than others. Carotid ultrasound is also useful for 

ongoing follow-up of plaque burden and composition. As plaques change phenotypically over 

https://www.zotero.org/google-docs/?Mbhq2x
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https://www.zotero.org/google-docs/?kUwuOC
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time, it is important to reassess as patients age or as risk factors change122.  A large, multi-centre 

study would determine whether the association between carotid and coronary plaque burden and 

composition is stronger in any particular subgroups, including sex and age stratifications. The 

negative predictive value of a carotid plaque score of zero would be a valuable result from a 

study of this nature. As well, it may provide further insight into how statin therapy influences the 

development of plaque at different vascular beds. In this vein, calcification patterns of carotid 

plaque and heart valves seem to share similarities123. Quantifying this relationship with 

ultrasonic structural analysis may describe where carotid artery ultrasound is useful as a cursory 

screening tool for calcific aortic valve disease. Secondly, this pilot study compares two screening 

tools to one another, but outcomes-based research is necessary for major guideline changes. 

Along with a large sample size, long-term follow-up studies are needed to confirm that carotid 

ultrasound is not inferior to CAC scoring for event prediction in at least some populations. Due 

to the low event rate in this population of interest, a large sample size and 10-year follow-up 

period may be sufficient to definitively determine the comparative test characteristics. This 

would reflect other major trials that investigate the low to moderate risk population and inform 

the screening tools included in national guidelines. 

To conclude, a patientôs prognosis is primarily determined by acute events, which are 

associated with the spontaneous rupture of vulnerable lesions rather than the degree of stenosis 

of a vessel. CAC scoring is a strong indicator of clinically significant CAD but does not directly 

assess the presence of vulnerable plaques. The use of traditional risk scores and CAC scoring 

alone may underestimate some patientsô risk of acute coronary and cerebrovascular syndromes. 

Our results in consideration with related literature point towards carotid ultrasound not replacing 

CAC scoring, but instead contributing to a more holistic picture of a patientôs likelihood of 

https://www.zotero.org/google-docs/?odNKYN
https://www.zotero.org/google-docs/?Gu1Yng
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developing CAD and MACE. For example, in low-risk patients with a CAC score of 0, carotid 

plaque presence was independently associated with the development of CAD and MACE over 10 

years75. Our results show that carotid plaque burden modestly correlates with CAC score, 

indicating that plaque does develop throughout the body at similar rates. They also emphasize 

that the composition of plaques in the carotid arteries is not predictive of the calcium content in 

coronary vessels, thus plaque composition should be considered as an additive risk stratification 

tool that may be helpful for the detection of vulnerable lesions throughout the body.  

 

Limitations 

 This study had several limitations. A small and majority Caucasian sample limits the 

applicability of these results for immediate incorporation into practice. Since this study was 

designed and funded as a pilot study, a sufficiently powered sample size was not the priority at 

this stage. The design also prioritized enrolling a sample with detectable carotid plaque, thus 

random sampling was not employed for this study to maximize the value of limited CT use and 

funding. The sample thus has a higher proportion of plaque present than the general population 

of interest. Finally, the limited duration of this study did not allow us to collect outcomes data for 

sensitivity analysis. Future work should aim to follow-up over 10 years to investigate if one 

method has greater sensitivity and specificity for MACE. This study does, however, confirm that 

further investigation into the comparison of carotid and coronary atherosclerosis screening is 

warranted. 
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Chapter 3 

Cardiologistsô opinion of cardiovascular risk based on the stress echo report and carotid 

plaque burden. 
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3.1 Abstract 

Background: Carotid ultrasound identifies subclinical atherosclerosis even in asymptomatic 

people. It has been widely studied and agreed upon that abnormal findings are predictive of CAD 

and MACE. However, most Canadian cardiology clinics do not employ carotid ultrasound 

frequently or ever.  We investigated whether carotid ultrasound influences a cardiologistsô 

perception of patient risk and their confidence in this assessment compared to the stress echo 

alone.  

Methods: We conducted a survey of n=8 staff cardiologists specialized in echocardiography at 

Kingston Health Sciences Centre. Participants reviewed 5 stress echo reports of their own and 

rated each patientôs risk of experiencing a cardiovascular event in the next 5-years as Low, 

Intermediate, High, or Unsure, and also to rate their confidence in this assessment 1-5 (5=Very 

confident). They were then shown each patientôs carotid ultrasound images taken the same day 

as the stress echo and asked to rate their risk and confidence on the same scales again. 

Participants then answered 2 concluding questions to gain insight about their opinions on the role 

of carotid ultrasound and barriers to practice.  

Results: Congruent test + plaque results tended to increase confidence, while confidence largely 

did not change in incongruent cases. Plaque presence increased the risk category in the majority 

cases, whereas plaque absence had no effect on risk assessments. All cardiologists agree that 

carotid ultrasound could be used in decisions about starting or discontinuing statin therapy, and 

most respondents identified billing concerns, lack of training, or time constraints as barriers to 

widespread implementation.  

Conclusions: The impact of carotid ultrasound results was dependent on the initial assessment 

and stress echo results. Plaque presence tends to be treated as a ñred flagò to cardiologists. 
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However, absence of plaque does not tend to decrease risk perception. All respondents agree that 

there is some role for carotid ultrasound that is greater than what is in practice today.  

 

3.2 Introduction  

Carotid ultrasound is being studied as a tool for the prediction of events and coronary 

artery disease. Many groups have investigated the association of carotid plaque burden and 

plaque composition to other risk stratification tools, including the coronary artery calcium score 

and the angiogram 27,75,76. Carotid plaque score also predicts cardiovascular events with a 

moderate sensitivity. Carotid ultrasound appears to have additive value when used in conjunction 

with other clinical investigations and personal risk scores 72,124.  

Ultrasound of the carotid arteries is a low-cost, fast, and feasible tool that can be 

incorporated into other clinical appointments124. Our group and others have proven that an 

abbreviated carotid ultrasound protocol can be performed during stress echo appointments and at 

the bedside in catheterization labs with negligible interruption to clinical workflow26. It can be 

done by sonographers, cardiologists, and general practitioners with a small learning curve. A 30-

minute in-person training session, training video, or online self-directed learning module are all 

effective means of education for practitioners141. A study confirming the efficacy of module-

based learning for carotid ultrasound and plaque scoring is underway at our lab (Appendix B). 

The candidate (GK) supported module development.  

Due to its viability for bedside and clinical practice, many have called for more 

widespread use of carotid ultrasound for cardiovascular risk assessment. Thus far, however, 

national regulatory bodies have not published guidelines for how carotid ultrasound should be 

incorporated into a patientôs risk assessment78. Therefore, the weight assigned to carotid images 

https://www.zotero.org/google-docs/?PP48Ak
https://www.zotero.org/google-docs/?0pHw1G
https://www.zotero.org/google-docs/?PqRStG
https://www.zotero.org/google-docs/?89plio
https://www.zotero.org/google-docs/?gEdHRJ
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and when they should be considered by cardiologists is unknown. While it is generally accepted 

that carotid ultrasound tends to be useful for the prediction of CAC and MACE, where it should 

be incorporated and who should be responsible for considering it remains up for debate125. It is 

important to understand the baseline views of cardiologists before guidelines are in place in order 

to inform knowledge translation strategies and guide the most efficient incorporation of carotid 

ultrasound into regular clinical use. This study seeks to determine whether carotid ultrasound 

affects the perception of patient risk by reading cardiologists. 

We hypothesized that the cardiologistsô opinion of a patientôs level of risk based on their 

stress echo report will change when given information on the patientôs carotid plaque burden. 

Our primary aim is to determine if images of a patientôs carotid bulb and information on any 

present plaque changes a reading cardiologistsô opinion of the patientôs risk category. A 

secondary aim is to determine if congruent plaque data (positive stress echo/total plaque area 

>10mm2; negative stress echo/total plaque area <10mm2) increases the cardiologistôs confidence 

in their assessment, and if incongruent results decrease confidence. Further, this study will act as 

a proof-of-concept that carotid assessment can be done quickly with almost no additional time on 

the part of the physician.  

3.3 Methods 

This study was approved by the Queenôs University Health Sciences Ethics Review 

Board. We performed a survey-based baseline sampling at the Kingston General Hospital 

Echocardiography Lab. This sub-study will be a secondary analysis of the overall CIRCE study 

(File No. 6032717). Through the CIRCE study we enrolled n=313 patient participants to get an 

ultrasound of their carotid arteries during their stress echo appointments since September 2021. 

Participants had no history of PCI, angioplasty, CABG, MI, stroke, endarterectomy, or peripheral 

https://www.zotero.org/google-docs/?GHHmZn
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vascular disease. We enrolled echo-reading cardiologists to review a sample of their own stress 

echo reports of patients who also participated in the CIRCE study. All patients were referred for 

an assessment of ischemia. Each cardiologist reviewed 5 reports for a total of 40 patients 

reviewed. Survey study appointments took an average of 30 minutes.  

Verbal consent for the secondary use of these anonymized images from the CIRCE 

participant was obtained over the telephone. The study protocol for cardiologists is summarized 

in Figure 3.1. Participating cardiologists reviewed the stress echo reports of a patient and 

categorized their level of risk of developing clinically significant coronary artery disease or 

experiencing a cardiovascular event over the next 5-years as low, intermediate, high, or if more 

information is required. Stress echo reports included each patientôs age, sex, and cardiac 

medications. They also rated their confidence in this assessment on a scale of 1-5, 5 being very 

confident. Cardiologists were able to review the associated echo images if desired. After initial 

risk and confidence assessment, they were then shown the associated carotid images 

(longitudinal view of the left and right bulb and bifurcation) taken the same day. If any plaque is 

present, they were given the total plaque area of the lesions. Given both the echo and carotid 

data, cardiologists categorized the patientôs level of risk and their confidence again. The 5 studies 

selected for each cardiologist reflected 2 negative, 2 positive, and 1 inconclusive stress echo 

where possible. Of these 5, at least 2 were congruent (positive with a total plaque area >10mm2 

or negative with a total plaque area of <10mm2) and at least 2 will be incongruent. Two 

concluding questions to further elucidate their opinions on the future of carotid ultrasound were 

included in the survey. 
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Figure 3.1. Study workflow schematic.  

The participating cardiologists had varying levels of knowledge about current vascular 

ultrasound screening for coronary artery disease and MACE prediction. One month prior to 

enrolment all participants had attended a presentation on the current research in carotid 

ultrasound for cardiovascular risk stratification at a weekly edition of Imaging Rounds. The 

presentation was given by Dr. Murray Matangi, a community cardiologist with >30 publications 

on carotid ultrasound, and decades of experience with its use in the primary care setting. Thus, 

all participants had at minimum a baseline understanding of the benefits and pitfalls of carotid 

ultrasound as a risk stratification tool. 

3.4 Results 

Eight staff cardiologists specialized in echocardiography were enrolled and surveyed. 

Each participating physician reviewed n=5 of their own stress echo reports including 2 negative 

stress echoes, 2 positive stress echoes, and a non-diagnostic stress echo where possible. Of these, 

at least 2 were congruent and 2 were incongruent. A total of 16 positive stress echoes, 18 

negative stress echoes, and 6 non-diagnostic tests were reviewed. The patient characteristics are 

summarized in Table 1.  
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Table 3.1. Baseline Characteristics of Patient Participants 

 Overall Cohort (n=40) 

Male Sex 11 (27.5%) 

Mean Age, y 63.4 ± 14.4 

Mean BMI 27.5 ± 5.1 

Diabetes Mellitus 2 (5%) 

Hypertension 20 (50%) 

Hyperlipidemia 11 (27.5%) 

Smoking History 21 (52.5%) 

Family History of CAD 33 (82.5%) 

Current statin use 9 (22.5%) 

Current ACE inhibitor use 8 (20%) 

Current ARB use 5 (12.5%) 

Current antiplatelet use 16 (40%) 

 

Risk estimations before and after revealing absent carotid plaque is presented in Figure 

3.2. For those initially deemed low risk, including all negative stress echoes and 2 low-risk 

positive stress echoes, the absence of carotid plaque did not change risk estimation and remained 

low risk in all 10 cases. In those with positive stress echoes, including those initially deemed 

intermediate or high risk, the level of risk category remained consistent in most cases. 
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Figure 3.2. Change in risk estimation in cases with no carotid plaque.  

 

 

Figure 3.3. Change in risk estimation in cases with carotid plaque present.  

 

Plaque presence increased risk category estimation in 7 cases and remained the same in 

10 cases (Figure 3.3). With both a positive stress echo and plaque present, the majority of cases 

were classified as high risk and the remaining instances were intermediate. For those initially 

deemed low risk by their stress echo the presence of plaque increased risk category in 6 cases 

and did not change in 2 cases. In those initially deemed intermediate or high risk their risk 

category largely stayed the same. 
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Figure 3.4. Changes in confidence in risk estimation in congruent cases.  

Sixteen congruent cases were reviewed (Figure 3.4). For those with congruent positive 

tests, combined consideration of both tests resulted in maximal confidence in all but 2 cases. 

Confidence decreased in 1 case that was initially deemed a false positive low risk stress echo. 

For congruent negative stress echoes, confidence was maximal in every case after carotid images 

were considered. In negative stress echoes, plaque absence tends to increase confidence, and 

plaque presence tends to increase their risk category. 

 

 

Figure 3.5. Changes in confidence in risk estimation in incongruent cases.  
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For all incongruent results the responses depended on their initial assessments to a greater 

extent than the congruent cases (Figure 3.5). For those initially deemed low risk but had plaque, 

confidence remained the same in most cases and decreased in 2 cases. Incongruent positive stress 

echoes with no carotid plaque made up 8 cases. Largely, the positive stress echo took precedence 

for risk prediction and confidence level. 

A total of 6 inconclusive stress echoes were included. One of these 6 was initially 

deemed high risk by the stress echo report, and the presence of plaque increased confidence. For 

uncertain conclusions from the inconclusive test, the presence of plaque resulted in an 

intermediate risk categorization in 3 cases. Confidence increased by 1 point in one case, 

decreased by 1 point in the other case, and remained the same in 1 case. All cases were 

categorized to a risk category with confidence of at least 3/5 after the addition of carotid 

consideration.  

Finally, we inquired respondents about how they feel carotid ultrasound should be 

incorporated into general practice (Figure 3.6). All 8 respondents believe that carotid ultrasound 

could be a good tool to inform the providerôs decision on starting or discontinuing statin therapy. 

Five said that carotid ultrasound could be used additively for all stress echoes, and 2 would 

expand this to include resting transthoracic echoes as well. Five of the respondents would 

consider using carotid ultrasound as a visual teaching aid to show patients their vascular status as 

a means of improving understanding and adherence to treatment plans. All respondents reported 

at least 1 barrier to carotid ultrasound being incorporated into general clinical practice (Figure 

3.7). Five respondents reported compensation and billing concerns, and 3 listed time constraints 

to be a significant barrier. One respondent believes that carotid ultrasound is better suited to be 

the responsibility of the primary care provider rather than a hospital out-patient clinic, and 1 felt 
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that clarification of which provider would be responsible for statin management after a carotid 

examination would increase their comfortability with incorporation. Two respondents felt that 

carotid ultrasound plaque quantification is not yet substantiated by research. Finally, 3 

respondents listed that training for sonographer image acquisition and physician interpretation 

would be necessary.  

 

 

Figure 3.6. Respondent answers to how they would consider incorporating carotid ultrasound 

into regular clinical practice.  
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Figure 3.7 Respondent answers to what they feel is a significant barrier to carotid ultrasound 

being incorporated into regular clinical practice.  

3.5 Discussion 

We found that the addition of carotid ultrasound is associated with an increase in 

physiciansô impression of a patientôs risk when plaque is present. This is especially true for 

negative, inconclusive, and otherwise low-risk stress echoes. However, the absence of plaque 

does not tend to decrease the risk category in most cases. Carotid plaque is viewed by reading 

cardiologists to be indicative of elevated risk of experiencing cardiovascular disease. This 

suggests that the existing literature and education on carotid screening has been impactful, but is 

not yet substantiated enough to be incorporated into clinical guidelines for this population. This 

is in line with studies that found that physicians were more likely to prescribe aspirin and lipid-

lowering therapy when plaque was identified in the carotid arteries126,127. This study and others 

https://www.zotero.org/google-docs/?dPqZ1g
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also found that LDL cholesterol targets were lower in people with abnormal carotid ultrasound 

results, whereas targets did not change for people with normal carotid arteries127. Interestingly, 

one study found that the presence of advanced subclinical atherosclerosis did not significantly 

increase the likelihood that the patient would be referred for additional testing127. Another study 

found that physicians did tend to refer for further testing after finding carotid plaque, but lipid-

lowering therapy was the most common treatment change128. This suggests that carotid screening 

is considered when weighing pharmacologic primary prevention, but currently does not 

contribute as much to decision making about further screening tests or more invasive diagnostic 

options. This may be due to a lack of rigorous clinical trials in this population about carotid 

ultrasound, outcomes, and comparisons to other screening tools. The literature, however, 

supports carotid ultrasound as indicative of stenosis on angiography and future MACE129. 

Conversely, the absence of carotid plaque did not change the assessment of risk in most cases but 

did impact physician confidence in their assessment. It will be interesting to determine whether 

an increase in physician confidence corresponds to improved outcomes and ideal interventions in 

a retrospective analysis. Similar to our findings, the absence of carotid plaque did not change 

physician management or risk perception greatly when compared to those with abnormal carotid 

findings127. This suggests that most practitioners familiar with carotid ultrasound treat it as an 

additive tool, where positive findings are given greater weight than normal findings in terms of 

patient management.  

There may be specific situations in which information on carotid status is more useful to 

the treating physician. Physicians at Kingston Health Sciences Centre largely agree that carotid 

ultrasound is most likely to change clinical decision-making in the context of a low or 

intermediate risk patient where stress testing was negative or inconclusive. This is especially true 

https://www.zotero.org/google-docs/?AwBbHx
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in patients with a strong family history of cardiovascular disease, symptoms consistent with 

CAD, and a negative history of statin use. For example, carotid ultrasound identifies high-risk 

plaque even in patients with low FRS, representing patients <65 years old and without numerous 

cardiovascular risk factors130. Females, as well, have been shown to have markedly better risk 

stratification with carotid ultrasound when used in conjunction with stress echo131. This further 

affirms our results that risk perception aligns with outcomes.  

Finally, the majority of respondents reported that they would consider using carotid 

ultrasound as a visual teaching aid to show patientôs their vascular health with the goal of 

changing or maintaining lifestyle modifications. Johnson et al. conducted a screening which 

found that patients with plaque intended to quit smoking, make dietary improvements, and 

increase physical activity with significant odds ratios between 2.28 and 4.98127. Work is 

underway to confirm that these intentions are maintained in the long-term132. Low adherence to 

medications is linked to 33-69% of hospitalizations and, in addition to inaccessibility of 

medications, a misunderstanding of their importance is a major contributor to this 

nonadherence133. Non-adherence and partial adherence to statins and ACE inhibitors carries a 

significantly greater risk of MACE compared to fully adherent patients134. The lower incidence 

of MACE in the adherent cohort also resulted in greatly reduced per-patients costs for 

hospitals134. Carotid ultrasound may be useful to open a dialogue with patients by describing 

vascular health in an understandable manner, and promoting a discussion of barriers to their 

individual adherence to treatments.  

One of the primary ways clinicians guide their practice is by considering published 

guidelines by national associations. The American Society of Echocardiography has published 

work advocating for the use of carotid ultrasound for cardiovascular disease and event 
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prediction129. Our results support findings that claim time constraints, interpersonal discussions 

with peers, and a drive to never miss an underlying pathology all influence clinical decision 

making by cardiologists. Some suggest that these factors may even be more impactful than 

guidelines135. This finding emphasizes the importance of formal and informal education 

strategies. The potential for rounds, conference proceedings, and local research studies to drive 

the uptake of new information should not be underestimated. Health sciences conferences 

provide an invaluable opportunity to discuss emerging risk assessment tools136. Research about 

the efficacy of conferences for physician education and practice change is limited. Most agree 

that interactive continued medical education provides the opportunity for self-reflection and new 

knowledge acquisition137. Short-term continued medical education initiatives have been found to 

significantly change physician behaviour and this change is retained 1-year following the 

learning138. Conference attendance often satisfies continued medical education credit 

requirements. Large gatherings of professionals also provide an opportunity for hands-on skills 

training, which is especially relevant for carotid ultrasound. Familiarization with new devices 

and tactile learning about techniques one may have only read or heard about before is a vital step 

in large-scale practice change, especially as our results found that physician and sonographer 

training is a major hindrance to current implementation. A second option for broad education is 

online modules, which boast accessibility and flexibility for learning139. Module-based 

ultrasound training has already been proven effective and employed by our lab and others140,141. 

Carotid ultrasound does not involve as large a learning curve as cardiac or abdominal ultrasound, 

therefore basic imaging and interpretation skills can be taught within hours and are generally 

reproducible142. Finally, incorporation into medical training is the most reliable way to instill 

common practices into the upcoming generation of physicians143,144.  
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There is room for innovation and standardization when it comes to the primary 

prevention of cardiovascular events. For example, despite the FRS being the most well-validated 

tool for risk assessment, Canadian primary care physicians use it only 2/3 of the time, and 55% 

indicated that carotid ultrasound is the preferred imaging technique for subclinical 

atherosclerosis145. Additionally, this study supported the thought that clinician assessment of 

carotid imaging takes a minimal amount of time and is viable for incorporation into practice, as 

found by others as well26,124,128. One of the largest mutable barriers to widespread carotid 

ultrasound use for risk stratification is the lack of billing and requisition standards. In clinics and 

hospitals with fee-for-service remuneration models physicians are not encouraged to spend time 

on assessing tests for which there is not a fee. If carotid ultrasound for low and intermediate 

patients was standard, practitioners would be more able to apply this assessment where 

appropriate146. Our results demonstrate that cardiologists are open to emerging tools and shifts in 

practice. But, they also emphasize that adequate structures must be in place for sustainable 

viability in the clinical setting across Canada. In conjunction with ongoing trials evaluating the 

sensitivity of carotid ultrasound in various populations, this study provides a steppingstone for 

the next wave of translational research in cardiovascular risk stratification. Future research 

should investigate perceptions of family physicians to determine who is best placed to primarily 

assess subclinical atherosclerosis over the lifetime. 
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Chapter 4 

General Discussion 
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4.1 Impact and Significance 

The novel results presented here convey that a) plaque burden detected by carotid 

ultrasound is comparable to that detected by CAC scoring, b) carotid ultrasound may be useful 

for detecting vulnerable plaque more so than CAC scoring, and c) physicians agree that there is a 

role for carotid ultrasound assessment in the low-intermediate risk population. Given the current 

literature reviewed here and the new results presented, carotid artery ultrasound and plaque 

assessment is well-suited to be used in adjunct to other risk stratification tools.  

Carotid ultrasound seems to have value in combination with CT, FRS, and stress 

testing81,125,147,148. When TPA was added to FRS, for example, 36% of a large sample were 

reclassified to a different risk category149. Plaque presence and elevated CIMT in combination 

with stress echo has been linked to the prediction of coronary stenosis, and carotid plaque 

composition improves stress echoôs prediction of events81,147. CT CAC scoring misses 

noncalcified plaques and is used primarily as a one-time risk appraisal. FRS can underestimate 

risk and has limited sensitivity in the low-intermediate risk population. Stress echo also lacks 

sensitivity in this population and is a functional test rather and an anatomical assessment. Carotid 

ultrasound boasts aptitude in the pitfalls of these other cardiovascular risk assessments. Brief 

carotid assessment identifies high-risk patients alone and predicts favorable outcomes when 

negative150. It has been trialed as part of a calculated clinical risk score and used alone151. The 

use of carotid ultrasound has been recommended by task forces and professional associations129. 

Carotid ultrasound is well-positioned for clinical integration.  

Once CAD is diagnosed or a risk of MACE is determined, carotid ultrasound results may 

inform the secondary treatment a patient receives. When a patient has a high pre-test likelihood 

of obstructive CAD, angiography is the current clinical standard. A prior study by our lab 
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demonstrated that CIMT and plaque height and area are significantly correlated with stenosis 

found on coronary angiogram and the number of involved vessels96. The composition of carotid 

plaque in patients with obstructive CAD is also more calcified and has a greater IPN grade than 

patients without26. There is some evidence that the negative predictive value of carotid 

ultrasound is strong for coronary stenosis96. Implementing carotid ultrasound may promote 

greater specificity in angiogram referrals.  

In addition to working as an adjunct to other imaging and functional tests, carotid 

ultrasound seems most well-positioned to assist in the decision to start statin medical therapy. 

Our results have shown that the majority of cardiologists would consider carotid ultrasound 

results when making medication recommendations if given the option. Carotid ultrasound has 

been effective for assessing oneôs response to medication and useful for adjusting doses as 

necessary152. Carotid plaques tend to be responsive to medication and will show a reduction in 

vulnerable characteristics over time92,152. Statin therapy has been found to have plaque 

stabilization qualities92,153. People on statins are less likely to experience an acute cardiovascular 

event155. Upon excision, statin use is associated with less features of plaque vulnerability 

compared to that of statin-naive patients154. To further investigate the impact of statins on IPN, 

we performed a systematic review and found that statin use is associated with a regression in IPN 

grade (Appendix A). We found that those on statins were less likely to develop a plaque with 

IPN, which was independent of serum cholesterol levels153. Through the CIRCE study, our 

survey of cardiologist perception, and other work, we have shown that carotid ultrasound is 

feasible and useful for implementation in outpatient clinics. 
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4.2 Future Directions 

Of primary necessity is the need for a long-term follow-up study to determine the 

sensitivity and negative predictive value of carotid ultrasound in this population of interest. A 

large, multi-centre, international trial with outcomes data will be able to definitively inform 

guidelines as to where carotid ultrasound is ideally positioned in the clinical setting. Current 

algorithms pose a large cost, radiation exposure, and limited sensitivity in those with a low pre-

test probability of obstructive CAD. Since this population has a relatively low annual event 

incidence, a follow-up period of 10-years at minimum to power the analysis should be 

considered. This is in line with the relevant existing tools, as FRS and the CAC score both 

describe risk in terms of 10-year MACE likelihood56. This will contribute vital information on 

how plaque changes over time, and which scenarios trigger pro-inflammatory, vulnerable 

remodeling patterns in lesions. Ideally, with sufficient data amalgamated carotid ultrasound 

could enhance an established risk score. Researchers have argued that it should be considered in 

conjunction with other cardiovascular risk factors and warranted screening tools156. Many agree 

that the presence of carotid plaque in patients in the low to intermediate risk category should 

prompt physicians to treat according to higher risk strata recommendations. It is thought that the 

earlier identification and treatment of subclinical atherosclerosis will prevent MACE and future 

invasive interventions. This is especially relevant for those who would otherwise have not been 

identified as candidates for medical therapy.  

Females have historically been underrepresented in cardiovascular trials. As a result, risk 

stratification tools have inferior predictive value in females compared to males157. Plaque 

composition is different in females, which may impact outcomes to a greater extent than 

predicted solely from plaque burden115. For example, estrogen receptors have an association with 
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greater calcium in lesions, and differences can be seen in pre- and post-menopausal people158. An 

adequately powered trial may demonstrate that carotid ultrasound could lead to better care and 

greater consideration for the sex differences inherent to vascular health. Other groups that may 

benefit from multivariate analyses include patients with diabetes, smoking history, family history 

of CAD, those taking statin therapy, and those in the 40-60 age group.  

This study compared CAC scoring via CT imaging to carotid ultrasound. Further 

comparison to other screening tools is warranted. Carotid plaque presence has been shown to 

provide added prognostic value to stress echo124. An ongoing, definitive trail at our site is 

underway investigating the additive value of carotid ultrasound plaque composition assessment 

to stress echocardiography79. We hypothesize that the addition of intraplaque neovascularization 

assessment using contrast-enhanced ultrasound will improve the sensitivity and specificity of 

stress echo for detecting significant CAD. So far, the addition of carotid imaging has posed no 

significant disruption in appointment duration or sonographer workflow79. This is an important 

supportive finding for the translational quality of carotid ultrasound. Investigation into the 

association of CT angiography and carotid plaque has been of more recent interest and may 

further refine the balance between CT and ultrasound for vascular assessment42,159.   

Plaque composition assessment by ultrasound is fast, low-cost, and poses negligible risk 

to patients. Other imaging modalities provide similar information about the makeup of 

atherosclerotic lesions, including magnetic resonance imaging (MRI) and histological analysis. 

MRI can be employed to assess the presence of intraplaque hemorrhage, neovascularization, 

necrotic core volume, and vessel wall remodelling14. Our lab was fortunate to receive a grant that 

will allow for a direct paired analysis of carotid plaque composition detected through ultrasound 

and MRI. The protocol for this study has recently gained approval from the Research Ethics 
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Board (Appendix B). This study will use both 2D and 3D ultrasound, contrast-enhanced 

ultrasound, and dynamic contrast-enhanced MRI to corroborate that plaque composition 

measures align between modalities. The candidate (GK) was involved in the funding acquisition 

and protocol authorship of this study. Further corroboration of ultrasound composition analysis 

by 3D ultrasound will be undertaken by an incoming graduate student. 3D ultrasound has been 

investigated with regard to plaque volume and stroke factors, but composition analyses on 3D 

ultrasound have not yet been well-studied160.  

 

4.3 Translational Component 

The work presented here contributes to the ever-growing body of research supporting the 

use of carotid ultrasound for cardiovascular risk assessment in the low to intermediate risk 

population. In order for these findings to improve patient outcomes in the long-term they must be 

considered and promoted by physicians. The translation of this research into regular clinical 

practice is a challenge due to the already immense demand on the healthcare teamôs time. In 

order to achieve practice change on a large scale, added components must demonstrate 

significant improvement in patient outcomes or overcome an existing challenge. Our work has 

prioritized the perspective of health care practitioners by ensuring that carotid ultrasound is not 

an extreme burden on those imaging and interpreting, that the carotid results are comparable and 

possibly additive to other risk assessments, and by defining current opinions on where carotid 

ultrasound is best suited for their practice. We hope that our results influence guideline and risk 

stratification algorithms so that carotid ultrasound is considered in primary prevention in a way 

that benefits both patients and health care practitioners.  
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4.4 Conclusion 

Several landmark studies including the Multi-Ethnic Study of Atherosclerosis and the 

COMPASS trial have confirmed carotid plaques to be associated with CAD and events75,161. It is 

also well established that carotid ultrasound would change treatment plans and outcomes when 

considered in certain populations. Taken together, carotid ultrasound plaque burden and 

composition assessment should be included in national guidelines as a factor to be considered 

given that the prevention and treatment of carotid plaque improves patient outcomes. It lacks 

some common barriers to widespread implementation as it is not cost-prohibitive, time-

consuming, or harmful to patients. The studies presented here place carotid ultrasound plaque 

burden and composition assessment as useful and feasible for cardiovascular risk stratification. 

The greater implementation of this tool may improve cardiovascular risk stratification, 

management, and reduce poor outcomes in the low and intermediate risk population.  
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Appendix A. Effect of pharmacologic anti-atherosclerotic therapy on carotid intraplaque 

neovascularization: a systematic review. 
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Appendix B. HSREB Clearances 
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