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Concept of Nanoconfinement Improves Sensitivity and Safety of a
Life-saving Diagnostic Contrast Agent

2021-04-11
More than seven years ago Albert J. Sinusas, MD, a professor of medicine,
radiology, and biomedical engineering, was working with a team of
engineers for development of an imageable polymer for prevention of
adverse remodeling after a heart attack when they inadvertently
discovered that when iodine, a contrast agent used for X-ray imaging, is
packed in a nanoparticle there is greater absorption of X-rays potentially
improving visibility.

In development of this new concept Sinusas, who directs the Yale Translational Research
Imaging Center (Y-TRIC), turned to Tarek Fahmy, PhD, an associate professor of biomedical
engineering and Dongin (Donoven) Kim, PhD, now an assistant professor at the University of
Oklahoma, and one of the first Y-TRIC trainees supported by an NIH T32 grant for training in
multi-modality molecular and translational cardiovascular imaging, which was just renewed
for an additional five years of funding.

The Yale-led research team found that when packaged in a nanoparticle, CT contrast agents,
such as iodine, increased the absorption of X-rays by nearly an order of magnitude, thus
improving sensitivity for imaging and disease characterization and potentially reducing
toxicity compared with conventional contrast agents. Sinusas and the team of engineers
were awarded a patent for this concept earlier this year on Jan. 26, 2021.

“We discovered that when contrast agents are made to “crowd” or cluster on the nanoscale
(a few hundred nanometers) this enhanced the overall magnitude of contrast in a non-linear
manner, which in short meant that the scattering of electromagnetic waves was amplified.
We also found that this was simply not just X-ray enhancement effect, but a general
electromagnetic wave effect, meaning optical waves, radio waves, and others where
enhanced,” said Fahmy.

A nanoparticle is thought to be under 200 nanometers in size. When these tiny particles are
packed with iodine, they fulfill an essential role in computed tomography (CT) medical
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imaging. CT scans rely on computer processed X-rays and have wide applications in medical
imaging. However, researchers agree that this diagnostic tool also carries a long-term risk of
developing secondary cancers due to ionizing radiation.

Iodine-based compounds commonly used in conjunction with X-ray imaging can lead to
worsening renal function in patients with impaired renal function. Therefore, the use of an
improved configuration of these contrast agents may allow diagnostic imaging with less
radiation and a lower concentration of the contrast reducing overall toxicity.

Method

When enclosed or confined into nanoparticles, the contrast agent demonstrated different
characteristics that enhanced CT contrast and improve imaging. More X-rays could be
absorbed, which would reduce the toxicity associated with high concentrations of these
contrast agents. The agents are made from moiety or polymers that provide prolonged
circulation and minimal vascular permeation, and potentially prolonged retention times when
delivered into the heart muscle to improve repair following injury.

Benefits

1- Improved sensitivity: Increased absorption of X-rays leads to increased sensitivity for
contrast detection, facilitating molecularly-targeted imaging.
2- Lower chance of toxicity: With improved sensitivity, enables use of less iodine reducing
toxicity
3- Integration with FDA approved nanomaterials: With the incorporation of iodine in FDA
approved polymers, there is a higher chance for commercialization.

 

Read the original article on Yale School of Medicine.
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