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Coronary artery disease (CAD) is a condition in which plaque forms on
the walls of coronary arteries, causing them to narrow. Eventually, this
could lead to a heart attack, or death. This condition is now the single
largest health problem in the world, with over one million people in the
US undergoing cardiac catheterization – where a stent is placed in the
artery to prevent blockage – each year.
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To help improve the efficiency of diagnosis, clinicians are exploring new
ways to measure artery blockage using virtual fractional flow reserve
(vFFR). vFFR involves the use of X-ray angiograms and computational
fluid dynamics (CFD), a method of modelling that combines
mathematics and data to understand the movement of fluids and simulate
blood flow in coronary arteries. This simulation completely replaces the
need for a pressure wire catheter, a requirement for patients undergoing
traditional FFR, meaning patients are no longer required to undergo
hyperemic agent injections.

Current applications of vFFR are limited, however, as it can take from
several hours to days to complete a CFD algorithm simulation. To
effectively use vFFR for patients, CFD algorithms need to provide both
a broader range of potential blocked arteries and the ability to compute a
complete simulation in a matter of minutes, without compromising
diagnostic accuracy.

In research presented at the Computing in Cardiology Conference in
September 2018, our team outlined a new approach to improving vFFR
simulations using high-performance computing, mathematics and data.

These simulations need to run on systems designed for machine learning
and deep learning acceleration. To meet that demand, IBM researchers
in Australia are using POWER9 systems, with Nvidia Tesla V100
graphics processing units (GPUs), to perform hemodynamic simulations
for vFFR-based diagnosis within one to two minutes. To our knowledge,
this is the first application of its kind to be completed in near real time.

The speed in processing the model simulations, supported by IBM's
partnership with Nvidia, could translate into considerable savings in
manual labor, infrastructure and power efficiencies for clinicians and
hospitals. This also means clinicians could analyze the pressure loss
caused by stenosis in CAD patients more quickly, helping ease the
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mental burden for patients waiting on test results.

This research is the latest step in our ongoing work to evolve how we can
obtain a more accurate and complete picture of the inner workings of the
heart with biophysical models and AI. Our cardiac research team has
several ongoing initiatives to better understand how we can enhance
heart monitoring in non-invasive ways. Recently, we published research
around new ways to build and parameterize more accurate models of
cardiac biomechanics, where we are able to better explore what's
happening within the heart on an anatomical and cellular level.

Within the past year, we've also published a study that points to the
potential of combining biophysical models and machine learning to help
predict and determine if a drug might lead to adverse side effects within
the heart, such as cardiac arrhythmia. Ideally, one day all of these
different modelling techniques may be able to be applied together to
help give clinicians a clear, minimally invasive assessment of a patient's
cardiac state to help better determine treatment options.

  More information: Paolo Di Achille et al. Gaussian Process
Regressions for Inverse Problems and Parameter Searches in Models of
Ventricular Mechanics, Frontiers in Physiology (2018). DOI:
10.3389/fphys.2018.01002

This story is republished courtesy of IBM Research. Read the original story
here.
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