Molecular imaging for the detection of vulnerable atherosclerotic plaque
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Atherosclerosis, the cause of myocardial infarction, stroke, acute coronary syndromes and ischemic gangrene, is a multifaceted disease. Atherosclerotic lesions or atheromata consist of asymmetric focal thickenings of the intima. Rupture-prone lesions may remain undetected and upon manifestation expose pro-thrombotic material from the core of the plaque to the blood and thus, transforming the stable plaque into vulnerable, unstable that is likely to rupture, induce a thrombus, and elicit an acute coronary syndrome. Moreover, this type of lesions has been attributed to more than half of all acute myocardial infarction incidents. 
The current conventional imaging methods for the detection of atherosclerotic lesions are intravascular ultrasound (IVUS), magnetic resonance imaging (MRI) and computed tomography (CT). Although these techniques have proven useful in the clinical practice, significant limitations exist. IVUS has the potential to characterize atheromata only in the vicinity of the ultrasound catheter, MRI’s long image-acquisition time hinders the consistent imaging of structures and CT lacks the ability to visualize rupture-prone, non-stenotic, lipid-rich lesions. 
The ability to recognize specific biological markers that occur when rupture-prone atherosclerotic plaque develops in normal artery walls could aid in the detection and thus, facilitating an earlier diagnosis. This study investigates the in vitro detection of vulnerable plaque with targeted ultrasound contrast agents (UCAs). Scanning acoustic microscopy (SAM) at center frequencies of 50 MHz and 100 MHz was used for the quantification of mechanical properties of excised artery tissue sections. Targeted UCAs were conjugated to specific antibodies and allowed to bind to sites of interest. Prior to the acoustic and epifluorescence investigation, artery sections with a thickness of 50 µm and 60 µm were obtained using a Leica CM3050S cryostat (Leica, Bannockburn, IL, USA). Following the acquisition of the RF data with SAM for the quantification of mechanical properties, backscatter coefficients and attenuation, the samples were prepared for histological staining and epifluorescence microscopy. 
The alignment of the optical and acoustic lenses allowed the determination of regions of interest (ROIs) which exhibited bound UCAs and ROIs without the presence of the agents. The concurrent epifluorescence and acoustic investigation of overlapping ROIs allows the direct comparison of mechanical properties of normal versus atherosclerotic plaque artery sections. The efficiency of UCA binding rates and the respective exhibition of backscatter and attenuation of these sites were examined. This preliminary study provides new insights on the potential for the detection of vulnerable plaque with intravascular ultrasound (IVUS) and targeted UCAs.
