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Backgrounds: Atherosclerotic plaque rupture, the most important cause of acute cardiovascular events, has been strongly related with lipid-rich inflamed coronary plaques. The purpose of this study was to estimate lipid-rich inflamed plaques in vivo using a fully integrated high-speed optical coherence tomography (OCT)/near-infrared fluorescence (NIRF) molecular imaging with a FDA-approved indocyanine green (ICG).
Methods and Results: An integrated high-speed intravascular OCT/NIRF imaging catheter and a dual-modal OCT/NIRF system were constructed based on a clinical OCT platform. For imaging lipid-rich inflamed plaques, the FDA approved NIRF emitting ICG (2.25 mg/kg) or saline was injected intravenously into atherosclerotic rabbit models induced by balloon injury and 12- to 14-weeks of high-cholesterol diets. Twenty minutes after injection, in vivo OCT/NIRF imaging of infrarenal aorta and iliac arteries were performed only under contrast flushing through catheter (pullback speed up to 20 mm/sec). High-resolution OCT images of the vessel wall were acquired and strong NIRF signals were simultaneously detected in the OCT-visualized atheroma of the ICG injected rabbits. The in vivo NIRF target-to-background ratio (TBR) was nearly 4.3 times greater in the ICG-injected rabbits than in the saline-injected controls (6.63 ± 1.03 vs. 1.54 ± 0.17; p < 0.05). Ex vivo peak plaque TBRs was more than 3.2 times greater in ICG injected rabbits than in controls (7.34 ± 0.86 vs. 2.31 ± 0.17; p < 0.05)  on fluorescence reflectance imaging (FRI), which correlated well with the in vivo TBRs (p < 0.05, R² = 0.53) without significant bias (-0.37). Cellular ICG uptake, correlative fluorescence microscopy, and histopathology also corroborate the in vivo imaging findings.
Conclusions: Integrated OCT/NIRF structural/molecular imaging with a clinically available NIRF emitting ICG precisely demonstrated lipid-rich inflamed atheroma in coronary sized vessels. This highly translatable dual-modal imaging approach could offer a new avenue for accurate estimation of high-risk coronary plaques. 
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