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Abstract

Coronary vascular events are most often caused by rupture of atherosclerotic plaques. Prior to their
rupture, such plaques are likely to have at least one of several high-risk structural or biological
processes known to associate with increased risk of atherothrombosis. Thus, efforts have long

been directed to identify these high risk features non-invasively. While current imaging modalities
are adept at measuring high-risk structural features, such as luminal stenosis and vessel wall
morphology, they cannot directly report on the important high-risk biological features. On the
other hand, molecular imaging techniques, such as positron emission tomography (PET) coupled
with sensitive probes provide a unique opportunity to assess atherosclerotic plaque biology, and
have the potential to complement structural information and thus, improve risk stratification and
enable enhanced monitoring of therapeutic interventions.

Among biological processes that increase atherothrombosis risk, two stand out prominently:
atherosclerotic inflammation and plague microcalcification[1]. The important role for
inflammation in atherosclerosis is well established. Atherosclerosis is a chronic
inflammatory condition, where inflammation participates in all phases of atherosclerotic
disease, from its initiation to progression, to atherothrombosis [1]. Recently, the CANTOS
trial provided key evidence for a causal role for inflammation, by demonstrating that
selective anti-inflammatory therapy decreases the risk of cardiovascular disease (CVD)
events [2]. Likewise, the process of microcalcification can also potentiate CVD risk.
Microcalcification (not to be conflated with macrocalcification) often occurs near the fibrous
cap, and may contribute to plaque destabilization by increasing mechanical stress. Hence
localization of active inflammation or microcalcification has the potential to identify plaques
that are prone to rupture.

Several PET radiotracers have been employed to measure these biological processes within
atheroma [1]. Among these, 2 radiotracers are widely available: 18F-fluorodeoxyglucose
(18FFDG), a marker of vascular metabolic activity and inflammation, and 18F-sodium
fluoride (*8FNaF), a marker of active microcalcification [1]. 18F-FDG uptake accumulates
within inflammatory cells that reside in the atheroma [3]. Measurement of FDG uptake
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within the artery wall provides a non-invasive index of atherosclerotic inflammation [3, 4].
18F_NaF binds to hydroxyl groups in hydroxyapatite, and is used clinically to detect tumors
that have metastasized to bone. It’s binding to hydroxyapatite is also leveraged to detect the
process of plaque microcalcification [5].

PET imaging of plaque biology can yield powerful insights. Quantification of arterial
inflammation, using 18FDG PET imaging, provides incremental information for predicting
the risk of incident cardiovascular disease events[6] and can be used to track treatment-
related changes in atherosclerotic inflammation [7]. Likewise, imaging atherosclerotic
microcalcification with 18F-NaF has also produced important insights. 18F-NaF uptake is
increased in recent culprit lesions involved in atherothrombosis [8, 9]. Recently, 18NaF
uptake within abdominal aortic aneurysms was found to predict aneurysm growth and future
clinical events [10].

However, the majority of atherosclerotic plague imaging has thus far focused on larger
vessels, such as the aorta and carotids, given the greater ease of imaging large vessels, and
the relative availability of histopathological samples for validation studies (such as from
endarterectomy specimens). Coronary imaging poses significant technical challenges.
Firstly, coronary vessels have a small caliber relative to PET spatial resolution (4—6 mm),
subjecting it to substantial partial volume effects that ultimately underestimate vessel wall
activity. Secondly, epicardial coronary vessels (particularly right coronary artery and distal
coronary tree) are subject to significant motion due to respiration and myocardial
contractility. This can lead to significant blurring of PET signal, further underestimation of
wall activity and undermining of accuracy and reproducibility of the derived measurements.
None-the-less, several groups have demonstrated feasibility of coronary imaging using PET
tracers, though with varying degrees of success. While coronary imaging using 18FDG has
been shown to be feasible [11, 12], competing FDG uptake from the adjacent myocardium
substantially limits its practical use. 18F-NaF , on the other hand, is more likely than FDG to
identify coronary plaques, in part owing to the fact that there is less competing uptake from
the adjacent myocardium [9]. While these efforts demonstrate initial feasibility of coronary
imaging, widespread clinical adoption of these approaches is still not possible given the
relatively low signal to noise ratio, and the lack of a standardized approach for image
reconstruction and analysis. Hence, novel techniques are needed in order to reduce noise and
improve the ability to accurately quantify coronary plaque biological activity.

The study by Doris et al., published in this issue of the Journal of Nuclear cardiology,
achieves some of these goals. The authors sought to investigate the impact of reconstruction
parameters and cardiac motion-correction on 18F Sodium Fluoride (18F-NaF) PET imaging
of coronary plaques in humans. This work extended the findings of prior work by the same
group, demonstrating that a novel cardiac motion-correction method, improves PET
quantification [13]. The current study further optimized that approach. They conducted
18NaF PET imaging in 22 individuals who experienced a recent (within 22 days) acute
coronary syndrome, and who had undergone invasive coronary angiography where a culprit
lesion was identified. Using the acquired PET datasets, the authors initially tested different
reconstruction algorithms in a subset of subjects, and identified the algorithm with the best
image quality and signal to noise ratio (SNR). Then, across all subjects they compared the
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novel motion correction algorithm to: A) un-corrected images and B) images derived from
the diastolic phase. The authors observed that the novel, approach improved overall image
quality and SNR, and yielded better discrimination between culprit and non-culprit plaques.
Based on these findings, the authors recommended using the novel reconstruction and
motion correction techniques in future coronary 18F-NaF PET studies.

This study highlights several important points. Firstly, innovations in image processing can
importantly enhance the utility of coronary plaque imaging with PET molecular imaging
techniques. Secondly, as the authors suggested, these efforts should be further optimized, to
additionally take into account partial volume effects. The latter is no easy task given the
potential for introducing spurious bias associated with inaccurate modeling of the detector
point spread function. Such future studies should evaluate the additive impact of partial
volume correction on image quality and quantification accuracy [14]. Moreover, these
approaches should be validated in prospective outcome studies. Should such studies
continue to demonstrate that these reconstruction approaches enhance the accuracy of
coronary plaque imaging, they may facilitate the emergence of PET coronary imaging as an
important tool. Finally, in order for the proposed approaches to be widely adopted in the
clinical setting, massive computing acceleration should take place. The use of GPU
computing is a step in the right direction.

Indeed, new non-invasive tools are needed to better target therapies in patients with
atherosclerotic disease. Despite advances in therapy and diagnosis, atherosclerosis remains
the leading cause of death in the western world. Novel therapies (e.g. PCSK9 inhibitors and
Canakinumab) have recently been shown to significantly decrease cardiovascular disease
events. While promising, these novel therapies are highly expensive and carry additional
risks, thus highlighting the importance of better tools to assess cardiovascular disease risk.
In the emerging era of personalized medicine and rising healthcare costs, molecular imaging
has the potential to further refine individual risk and to better-direct such expensive or risky
therapies to those patients that would derive the greatest benefit. Furthermore, these imaging
techniques could be leveraged to identify novel therapies directed against atherosclerotic
disease, much in the way that novel drugs have been studied in the large arteries [7]. These
reconstruction techniques may facilitate the development of emerging tracers, and could
accelerate the development of more effective PET tracers. These inter-related efforts may
play important roles in reducing the burden of atherosclerotic disease events.

To further rise to the challenge, parallel efforts will be needed to in order enhance the
diagnostic accuracy of coronary molecular imaging techniques. This should be achieved on
multiple fronts, through : advancing PET imaging system development (i.e. innovations in
PET/CT and PET/MR); developing novel radiotracers, and refining reconstruction and
motion correction techniques. The study by Doris et al. is an important step toward this goal.
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