
 

Mapping shear stress can help predict heart
attacks
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Emory cardiologists think that mapping of wall shear stress (WSS) can help
predict heart attacks and guide treatment. This shows the levels of WSS in a
coronary artery from someone who had a heart attack. Credit: Emory University

A heart attack is like an earthquake. When a patient is having a heart
attack, it's easy for cardiologists to look at a coronary artery and identify
the blockages that are causing trouble. However, predicting exactly
where and when a seismic fault will rupture in the future is a scientific
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challenge – in both geology and cardiology.

In a recent paper in Journal of the American College of Cardiology,
Habib Samady, MD, and colleagues at Emory and Georgia Tech show
that the goal is achievable, in principle. Calculating and mapping how
hard the blood's flow is tugging on the coronary artery wall – known as
"wall shear stress" – could allow cardiologists to predict heart attacks,
the results show.

"We've made a lot of progress on defining and identifying 'vulnerable
plaque'," says Samady, director of interventional cardiology/cardiac
catheterization at Emory University Hospital. "The techniques we're
using are now fast enough that they could help guide clinical decision-
making."

Here's where the analogy to geography comes in. By vulnerable plaque,
Samady means a spot in a coronary artery that is likely to burst and cause
a clot nearby, obstructing blood flow. The researchers' approach, based
on fluid dynamics, involves seeing a coronary artery like a meandering
river, in which sediment (atherosclerotic plaque) builds up in some
places and erodes in others. Samady says it has become possible to
condense complicated fluid dynamics calculations, so that what once
took months now might take a half hour.

Previous research from Emory showed that high levels of wall shear
stress correlate with changes in the physical/imaging characteristics of
the plaque over time. It gave hints where bad things might happen, in
patients with relatively mild heart disease. In contrast, the current results
show that where bad things actually did happen, the shear stress was
significantly higher.

"This is the most clinically relevant work we have done," says Parham
Eshtehardi, MD, a cardiovascular research fellow, looking back on the
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team's previous research, published in Circulation in 2011.

Co-first authors of the paper are cardiology research fellow Arnav
Kumar, MD and Georgia Tech engineer Elizabeth Thompson, now a
medical student at Penn. Co-authors include Georgia Tech biomedical
engineers Don Giddens, Ph.D. and Emory mathematicians David
Molony, Ph.D., Adrien Lefieux, Ph.D., and Alessandro Veneziani, Ph.D.
Other contributing cardiologists included Bill Gogas, MD and Spencer
King, MD from Emory, Bill Fearon, MD from Stanford University and
international collaborators from Belgium.

How did the Emory researchers find a large group of people who were at
risk of having a heart attack, with well-mapped coronary arteries? They
tapped into an ongoing debate about who needs to have a stent, a small
tube that keeps a coronary artery open. It has been unclear whether it's
better to pre-emptively implant a stent for someone who has stable
disease.

Samady and his team extracted data from a large multi-center clinical
trial called FAME-II, which evaluated whether measuring FFR
(fractional flow reserve) can help doctors make decisions about stents.
FFR looks at how much a blockage reduces flow compared to the
maximum possible. The group of people they were interested in were
patients who had an abnormal FFR, and were being treated with statins
and other preventive medicines only. These patients were at risk of
having subsequent chest pain or a heart attack, but as controls in the
FAME-II study, didn't get stents.

During three years of the FAME-II study, out of 441 patients being
treated medically, 34 had heart attacks. The Emory/Georgia Tech
researchers were able to analyze the coronary arteries of 29 people who
experienced heart attacks, and compared them to 29 study participants
who didn't have heart attacks, but were equally 'at-risk' based on their
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FFR value.

Looking at wall shear stress, the differences between people who had
heart attacks and didn't were the greatest at the throat of the lesion, the
problem area of the coronary artery. And measuring shear stress
provided more information, in terms of predicting heart attacks,
compared with FFR by itself.

What's next? Ideally, confirmatory studies. Samady says his group has
been looking at using non-invasive CT, instead of catheterization and
angiography, to get the structural information about coronary arteries.
They are also planning to harness the fluid dynamics approach to study
patients after they have a heart attack and have a stent implanted,
looking at what happens in other arteries.

The Emory team has a companion paper in JACC: Cardiovascular
Interventions, which looks at the other side of the coin, low wall shear
stress, in patients with non-obstructive coronary artery disease. In this
paper, low shear stress is a sign of endothelial dysfunction, a precursor to
atherosclerosis. The researchers want to investigate if low WSS can help
identify patients who will benefit from more aggressive life style
changes or preventive therapies like statins, and hence also prevent
future heart attacks.

  More information: Arnav Kumar et al. Low Coronary Wall Shear
Stress Is Associated With Severe Endothelial Dysfunction in Patients
With Nonobstructive Coronary Artery Disease, JACC: Cardiovascular
Interventions (2018). DOI: 10.1016/j.jcin.2018.07.004 

Habib Samady et al. Coronary Artery Wall Shear Stress Is Associated
With Progression and Transformation of Atherosclerotic Plaque and
Arterial Remodeling in Patients With Coronary Artery Disease, 
Circulation (2011). DOI: 10.1161/CIRCULATIONAHA.111.021824
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