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Vulnerable plaques are characterized by a thin fibrous cap (< 65 µm), a large lipid pool, and increased density of activated macrophages at the shoulder regions of atherosclerotic plaques. Since structural abnormalities are the important determinants of plaque vulnerability, a high-resolution imaging technique may provide sufficient information to identify these plaques.  Alternatively, tests that provide biological or chemical information may help us to detect vulnerable plaques.

Currently, both non-invasive and invasive techniques are being actively investigated. Non-invasive imaging modalities such as magnetic resonance and computerized tomography are limited by their relatively low resolution. At the present time, invasive techniques are the only methods with a resolution sufficient to detect the microscopic architectural changes of coronary plaques. Intravascular ultrasound (IVUS) is commonly used to guide percutaneous intervention. Recently elastography, palpography, and virtual histology have been developed which combines ultrasound images with radiofrequency measurements. Intravascular magnetic resonance is being actively investigated for plaque characterization. However, these methods do not provide a sufficient resolution to distinguish thin fibrous cap from a lipid pool with the current technology. Although angioscopic studies have suggested that yellow glistening plaques correlate with acute coronary events, this technique provides indirect information reflected on the plaque surface and the quantitative methods to classify different plaque types are lacking. More quantitative approaches, such as Raman or near-infrared spectroscopy, are currently under investigation. These methods are capable of detecting chemical as well as some degree of structural changes within the vessel wall. Based on the hypothesis that local inflammation within vulnerable plaques may lead to local elevations in temperature, thermography catheter is also being investigated.

Intravascular optical coherence tomography (OCT) is an optical analog of intravascular ultrasound. The OCT catheters were built by replacing the core of the currently available IVUS catheters with optical fibers. The OCT characteristics of various plaque types (lipid, fibrous, and calcium) have been established from the in-vitro comparison study. With its high resolution (10 µm), OCT can also accurately measure fibrous cap thickness and distinguish fibrous cap from a lipid pool. The recent study from our group suggests that OCT may be useful in identifying macrophages as well. Therefore, OCT can potentially provide information necessary to detect vulnerable plaques: a thin fibrous cap, a large lipid-core and increased macrophage density. In the swine experiments the mechanical property of the OCT catheters was tested and the optical parameters were optimized. For the first time, we have applied the intravascular OCT in patients undergoing cardiac catheterization. Following the safety and feasibility study we performed a larger study, in which we demonstrated the ability of OCT to characterize the coronary plaques and to visualize the detailed morphology of coronary plaques in patients with various clinical presentations. 

