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Mathematical models may help predict early deterioration of heart function due to
weightlessness among astronauts
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Astronauts frequently become lightheaded or pass out after returning from space explorations, but the reason
for orthostatic hypotension remains unclear. Researchers are searching for the answers by collecting data
from echocardiograms performed on board the International Space Station (ISS) to determine if the heart
loses muscle mass in space and whether this contributes to orthostasis when astronauts return to Earth.
Mathematical modeling using these data appear to be promising in helping to predict early deterioration of
heart function due to weightlessness, according to research presented at the American College of
Cardiology's 60th Annual Scientific Session.

As part of this study, researchers are developing improved interfaces and computational platforms that will
allow them to rapidly integrate echocardiography and magnetic resonance imaging (MRI) data into cardiac
models to analyze multiple types of heart disease.

In short, this will allow flight surgeons and researchers to predict changes in cardiovascular function in space
and design countermeasures to prevent these alterations. This predictive modeling is also expected to have
clinical applications well beyond the space program.

"There is a great need to understand what happens to the heart in space before we can venture further out,
eventually to Mars and beyond," said James D. Thomas, M.D., staff cardiologist at the Cleveland Clinic and
senior author of the study. "This work will also have great impact on the care of patients on Earth since our
mathematical modeling will be applicable to all kinds of heart-related problems, such as heart failure and
coronary artery disease."

In this study, a group of patients with cardiomyopathy underwent echocardiography to measure cardiac
strain, which is said to be one of the best parameters for judging cardiac function. "In its simplest form, strain
is the proportional change in length of a muscle," Thomas said. "If a 10-inch rubber band were stretched to 11
inches, this would reflect a 10 percent strain."

Echocardiographic images were obtained with a modern instrument, as well as an aging HDI-5000 at the
Cleveland Clinic, similar to the 12-year-old machine on the space station, which was not originally designed
to measure strain. The data were analyzed with multiple customized software packages and yielded
comparable strain results, both for the heart as a whole and for individual ventricular walls.

"This means that strain measurements made with one instrument can be compared with subsequent imaging
on other machines, allowing much wider application of this promising technique, even with machines not
specifically designed to measure strain," Thomas added.

This study is part of an extensive project funded by NASA called the Integrated Cardiovascular Study in
which astronauts undergo detailed echo and MRI exams before and after flight, as well as monthly echoes in
flight, to determine the extent and timing of changes in cardiac function in space.

Armed with these strain maps and other data from astronauts in space and patients on the ground, engineers
at the NASA Glenn Research Center in Cleveland and at the University of Auckland, New Zealand, have
begun to develop mathematical models to define the heart's response to weightlessness and several disease
states. While it will be several years before the Integrated Cardiovascular Study will be completed, authors
report that this modeling work is already yielding insights into the diagnosis and treatment of heart disease.

This study is funded by the National Space Biomedical Research Institute through NASA Cooperative
Agreement NCC9-58.
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