
 

Improving the accuracy of near-infrared
fluorescence in cardiovascular imaging
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The variable fluorescence attenuation of blood has been a hindrance to near-
infrared fluorescence (NIRF) measurements in cardiovascular imaging.
Fortunately, researchers have devised an innovative correction method in which
the guidewire (GW) is coated with the fluorescent agent (ICG) and used as a
reference standard in each frame, leading to a much higher accuracy. Credit: 
Journal of Biomedical Optics (2023). DOI: 10.1117/1.JBO.28.4.046001

Cardiovascular diseases (CVDs) or heart diseases are still the leading
cause of death globally. Fortunately, doctors are now equipped with
more advanced and sophisticated tools that help them diagnose CVDs. A
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prominent example is intravascular ultrasound (IVUS), which enables
cardiologists to obtain images of the inside of blood vessels using a thin
ultrasound probe. These images can then be used to assess problems such
as the thickening of arteries caused by fat or plaque buildup.

While IVUS is undoubtedly a powerful technique, it fails to capture key
information about the pathology of the observed vessels. To address this
problem, near-infrared fluorescence (NIRF) imaging is used in
conjunction with IVUS for a more thorough examination of the blood
vessels. NIRF makes use of fluorescent agents that can outline biological
processes inside the body. These agents are injected into the
bloodstream, where they bind to specific pathology-related compounds
on vessel walls, such as proteins or nucleic acids.

The fluorescence signals that are generated are combined with the IVUS
images to provide accurate information. However, during NIRF-IVUS
measurements, the distance between the NIRF detector and the blood
vessel wall changes continuously. This presents a new challenge because
blood attenuates the intensity of the fluorescence signals, and the
"amount" of blood between the NIRF detector and the vessel wall varies
constantly.

Thus, a team of researchers led by Professor Vasilis Ntziachristos from
the Technical University of Munich, Germany, has come up an
innovative solution to this problem. In a new study published in Journal
of Biomedical Optics (JBO), the team reported a new technique to
measure the fluorescence attenuation of blood using a "guidewire" that
moves the NIRF-IVUS probe.

"We provide an adaptive correction scheme tailored to each patient and
each imaging frame collected during the imaging procedure," says
Ntziachristos.
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The idea behind this new method is based on the fact that the guidewire
is always visible to the NIRF probe. Coating the guidewire with a known
concentration of fluorescent particles ensures that the signal on the
guidewire will provide an indirect measure of the blood attenuation in
the current image. The distance between the NIRF probe and the
guidewire is determined via IVUS, and so is the distance between the
NIRF probe and the blood vessel wall. A correction factor for the
fluorescence signal measured at the blood vessel wall can be calculated
after a simple calibration procedure.

The researchers used a small NIRF-IVUS system reported in their
previous study to test their technique in a clinical model. They also
performed experiments on capillary phantoms, which simulate the
properties of small blood vessels. They recorded a 4.5-fold improvement
over uncorrected NIRF signal and
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