
MAGNIFYING PLAQUE FEATURES:  SAVING
LIVES ONE SCAN AT A  T IME

Global death and disability from ischemic stroke have been steadily rising over the past few

decades. Ischemic strokes are mainly caused by the rupture of atherosclerotic plaques in the

carotid arteries. Currently, routine carotid artery disease screening is not recommended to

those that do not exhibit any symptoms. However, as atherosclerosis is a progressive disease,

the need for early screening is critical in preventing the development of more serious stages.

With the advancement of technology, machine learning can be utilized to provide researchers

and clinicians with more efficient and accurate methods for early detection and diagnosis.
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Between 2005 and 2050

ischemic stroke is

forecasted to cost the

U.S. healthcare system

$2.2 trillion

That's an average of over 

$48 billion / year
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Current clinical guidelines recommend surgical intervention of carotid plaques (removal via an

endarterectomy or expand the arteries via stenting) based solely on the degree of artery

blockage (≥50%).[6] However, the severity of artery blockage alone is an incomplete

determinant of a patient's stroke risk. Many plaques that cause high blockage remain stable

and asymptomatic, while plaques that cause low blockage are often unstable and likely to

rupture.[6] This results in the misdiagnosis and risk of under-treating patients

surgically/medically. 
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Using Blockage Alone to Diagnose Atherosclerotic Plaque is Limiting

Atherosclerotic Plaque Features Determine Plaque Instability and Risk of Stroke

The complex relationship between plaques features

and their risk of progression necessitates a closer

examination of plaque composition and

vulnerability to identify patients at high risk of a

stroke.[6-9] Autopsy and post-surgical studies have

found thrombus, presence/size of the necrotic

core, thickness and density of the fibrous cap, level

of calcification, as well as the degree of

inflammation to be critical in determining the risk of

plaque rupture.[6-9]
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While traditional approaches correlate a single parameter, the degree of artery blockage, to

its associated disease state (a relatively easy task to perform), stratifying patient risk along a

multitude of histological and molecular features is a complex and time-consuming process.

With advancements in modern technologies, machine learning (ML) models can be trained to

extract valuable information to predict patient risk accurately and efficiently. As a result, a

more accurate diagnosis and  risk stratification can be provided that takes into account the

patient's unique features: the hallmark of precision medicine.

The use of ML in atherosclerosis, particularly in the context of the coronary artery, is not new. In

a study by Han, D. et al, ML models were applied to data collected from 1083 patients who

underwent coronary computed tomography angiography (CCTA) to identify patient risk of

rapid atherosclerosis progression.[10] Results showed that when clinical information of patients

are combined with qualitative and quantitative plaque features, ML models can correctly

classify risk scores of patients at intermediate to high risk. In another study by Choi, A., et al,

data collected from 232 patients who underwent CCTA were used to segment and label the

coronary artery, determine lumen and vessel wall, as well as quantify and characterize plaque

features.[11] Results showed that their predictive models were able to achieve an accuracy of

99.7% for artery blockage >70% stenosis and 94.8% for artery blockage >50%.[11]
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In the context of stroke, doppler ultrasound is the most widely used tool to diagnose

atherosclerosis in the carotid arteries. As an imaging modality, ultrasound can be used as a

non-invasive, rapid, and low-cost solution for plaque diagnosis, especially in areas lacking

proper healthcare infrastructure. For example, in rural Mexico hand-held cardiac ultrasound

devices are used to provide diagnosis for 90% of cardiac patients.[14]  In a study conducted in

two rural villages in Eastern Rwanda, the use of vascular ultrasound led to the launch of a new

medical management service and access to anticoagulation for locals.[15]
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A recent meta-analysis identified

that the combination of artery

blockage (≥50%) + high-risk

plaque features was more strongly

associated with the risk of

ipsilateral ischemic

cerebrovascular events in patients

with asymptomatic carotid disease

than artery blockage alone

(≥50%).[12]

A recent study by Rousset et al. demonstrated that ML models, when fed data from available

electronic health records of patients, significantly outperformed traditional statistical models in

predicting the risk of major adverse cardiovascular events.[13]  These ML models have the

ability to sift through large datasets giving them the potential to be used to improve patient risk

stratification for cardiovascular diseases and to provide more efficient treatment allocation

strategies.
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ABOUT PLAKK 
PLAKK's mission is to identify asymptomatic patients who are at-risk of stroke, but are missed

by current clinical guidelines. To date, no accurate methods or tools exist to identify

atherosclerotic plaque features on ultrasound. Recognizing this gap, PLAKK is developing the

first AI-powered platform that applies proprietary deep-learning algorithms to ultrasound

images of plaques and clinical information from patients, to provide clinicians with a higher

diagnostic accuracy for stroke risk. PLAKK is driven by their desire to improve the quality of life

for patients suffering from atherosclerosis by preventing the occurrence of a devastating

stroke and its debilitating effects. Their goal is to enable clinicians to intervene at the right

moment so that patients get the appropriate treatment when they need it most.
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While it is clear that the degree of artery blockage alone is an incomplete determinant of a

patient's risk profile, the analysis of quantitative and qualitative plaque features in combination

with patient information to assess risk has been limited to research practices. This is likely due

to the complexity and time required to perform such analysis. However, clinicians and

researchers can now utilize ML models to more accurately and efficiently support their

decisions in diagnosis. Although promising, this only solves one part of the problem within

cardiovascular care as over 75% of cardiovascular-related deaths occur in low- and middle-

income countries.[16]  Ultrasound is a non-invasive, affordable, and accessible point-of-care

solution that can be used to address the rising number of cardiovascular diseases not only in

high income countries, but worldwide. With one-third of the world's population dying as result

of cardiovascular diseases, speed and wide-spread access to diagnosis is crucial.
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Addressing the Rising Number of Global Cardiovascular Diseases in Low
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