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Atherosclerosis is a chronic progressive disease that
can lead to ischemic heart disease or cerebrovascular
stroke, two of the worlds’ leading causes of death.!
Atherosclerosis involves a complex process, and is dri-
ven by a cyclic inflammatory response initiated by
deposition of low density lipoprotein within arterial
walls. Therefore, inflammation is one of the key mod-
ulators of plaque development and can lead to plaque
rupture or erosion.” Recent investigative efforts have
focused on technologies and subsequent methodologies
that not only detect atherosclerotic plaque and assess the
severity of a stenosis, but also attempt to identify the
features associated with plaque instability.

The choice of the appropriate diagnostic tools to
interrogate this disease process is a relevant and hotly
debated topic.>” In current clinical practice, the identifi-
cation of atherosclerosis plaques tends to be late, with
identification in patients presenting with symptoms of
angina or evidence of stress-induced myocardial ischemia,
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who are sent for a coronary angiogram for identification of
the culprit lesion and often undergo subsequent revascu-
larization. Although frequently used to identify these
coronary lesions, coronary angiograms are limited in
assessing anatomic plaque characteristics and late stages in
the progression. Technologies such as intravascular ultra-
sound, optical coherence tomography, and near-infrared
spectroscopy have been well documented to provide high-
resolution images for better visualization and characteri-
zation of plaque.”* However, these technologies are highly
invasive, and therefore not widely used in clinical practice
for screening of asymptomatic patients or confirming the
diagnosis of coronary artery disease (CAD).

Efforts have also been directed at developing non-
invasive imaging methods for the identification of the
molecular events that precede that gross anatomical
changes or physiological consequences of plaque pro-
gression. Targets for non-invasive nuclear imaging of
atherosclerotic plaques and related molecularly targeted
radiolabeled probes include apoptosis (°**™Tc-Annexin
AS5), proteolytic enzymes (*’™Tc-RP805, targeted at
matrix metalloproteinases), calcification ("®F-NaF),
angiogenesis (*”™Tc- and '®F-labeled RGD peptides
targeted at avP3 integrin activation), and many other
markers of inflammation.” In the forefront of the
nuclear imaging radiotracers targeted at imaging of
inflammatory cells within the atherosclerotic plaque is
the positron emission tomography (PET) imaging
of the glucose analogue 2-['*F]fluoro-2-deoxyglucose
(FDG).>® Although FDG was developed and approved
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as an oncologic radiotracer for tumor identification, FDG
imaging has moved into the cardiovascular realm as an
imaging agent for assessment of myocardial viability,
hibernating myocardium, and more recently assessment of
inflammatory myocardial conditions like cardiac sar-
coidosis. In the application of imaging inflammation
associated with atherosclerosis, FDG is taken up by the
highly glycolytic macrophages through GLUT 1/3 trans-
porters and has also shown strong correlation with other
inflammatory markers.””'" Therefore, FDG PET imaging
can provide an index of focal inflammation in the
atherosclerotic plaque and is thought to provide an index of
plaque instability. While FDG imaging has shown promise
in imaging atherosclerotic plaques in carotid arteries,
technical issues arise when imaging coronary arteries. As
Gholami et al'? recently reviewed, methodologies for pre-
scan patient preparation (fasting, blood glucose levels) and
optimal imaging time post-FDG injection can all preclude
the quality and reproducibility of results by affecting the
target-to-background ratio.

Computed tomography (CT) has come to the fore-
front as a technique that can easily characterize
atherosclerotic plaque, and has proven value for risk
stratification for coronary events in patients with CAD."?
With the addition of intravascular contrast and multi-
detector technology, CT can define obstructive coronary
lesions, calcifications, positive vascular remodeling, and
even the soft hypodense lipid core.'*'> The identifica-
tion of at least 2 of these characteristics was shown in a
large clinical trial to have a strong correlation with
major cardiovascular adverse events. '

A newer approach for assessing and risk stratifying
atherosclerotic plaque involves the evaluation of the
influence of epicardial adipose tissue (EAT) and peri-
coronary adipose tissue (PCAT). EAT is defined as the fat
located between the serous epicardium and the pericardial
sac'® and has been demonstrated to be increased in patients
with CAD.'”'® However, PCAT is defined as the fat pre-
sent on the external coronary lumen, and has been shown
to be increased in volume in patients with plaque com-
pared to those without plaque.'® Recently, evidence has
emerged demonstrating the association of EAT and PCAT
in the inflammatory process, and for providing a source for
multiple bioactive factors and pro-inflammatory cyto-
kines.”>?! More importantly, high volumes of EAT and
PCAT have been associated with the early development of
atherosclerotic plaque, thereby providing a methodology
for risk stratification.”” These data suggest that an esti-
mation of the inflammatory potential of EAT or PCAT
may help in identifying patients at higher risk for unsta-
ble atherosclerotic plaque, although a definitive risk
association between them is still not established.
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In this issue of the Journal of Nuclear Cardiology®,
Mazurek and colleagues describe methodology to
investigate whether PCAT-related inflammation is
increased in patients with CAD. The importance of this
study is in determining if FDG uptake of PCAT may
provide a means to measure plaque inflammation and
risk for disease progression. The study investigates
PCAT FDG uptake in patients within 4 weeks of
angiographic confirmed CAD with exclusions of
patients that may have increased inflammatory response
due to diabetes, recent coronary interventions, or other
inflammatory conditions. They apply hybrid PET/CT,
using CT for identification and localization of PCAT,
and PET measurement of FDG uptake in this pre-de-
termined anatomic location. The authors hypothesized
that higher inflammation in PCAT as measured by FDG
PET may promote atherosclerotic plaque development
and correlate with results from cardiac angiograms.

The identification and localization of PCAT with
CT is a fairly new technique that is still under inves-
tigation, and the optimal methodology for deriving
reproducible and reliable results is not yet established.
Hell et al*® recently investigated PCAT in relation to
cardiovascular risk factors and EAT volume using dual
source CT. The authors found that CT-measured
attenuation of PCAT may be influenced by the amount
of EAT and the point along the vascular lumen, as
PCAT volume and density appear to change from distal
to proximal segments of the coronary arteries.”> With
‘where’ the measurements of PCAT are assessed
influencing the reproducibility of the results, the ‘how’
this is assessed is of equal importance. The setting of
the lower and upper bounds for CT thresholding varies
on non-contrast-enhanced and contrast-enhanced CTs,
with the lower limits typically set from —250 to —190
and the upper limits set between —50 and —30. These
thresholds are important in order to ensure that there is
no overestimation or indeed, underestimation of fat
measured, and may vary between contrast and non-
contrast CT. The authors in the current study use a low-
dose, non-contrast CT for localization of both the
coronary arteries and the identification of PCAT by
thresholding the images to between —30 and —250
Hounsfield units. In the identification of PCAT, the use
of a contrast-enhanced CT may be beneficial in order to
adequately define the coronary arteries and the lumen.
Additionally, the application of cardiac motion cor-
rection, with the inclusion of respiratory motion
correction, may increase the diagnostic sensitivity of
identification and localization of PCAT and decrease
the variance seen in the measurements published in the
current study.***
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Despite these limitations in their application of the
cardiac PET/CT methodology, the investigators
demonstrated an increase in FDG uptake and therefore
inflammatory activity in the co-registered PCAT seg-
ments of the coronary arteries. This increase in SUV
values was significantly different from subcutaneous,
visceral, and epicardial adipose tissue stores, and there
was a significant increase noted in PCAT in patients
with CAD vs non-CAD controls. While the authors
suggest that PCAT may, therefore, be linked to the
development of atherosclerotic plaque, the positive lin-
ear correlation was only noted in patients with a
BMI > 25 kg/m?. This agrees with previous studies that
found an increase in FDG uptake in coronary artery
atherosclerotic plaque and a positive correlation with
conventional cardiovascular risk factors including
BMI.?*® One wonders whether the FDG uptake in the
PCAT alone is not influenced by the FDG uptake in the
coronary plaque itself. There were several important
methodological limitations of the current study: they did
not apply motion correction, account for partial volume
effects or the reduced clearance of FDG due to the early
imaging following injection (30-60 minutes). They
performed a normalization of PCAT FDG uptake to
background activity within the left atrium, which in
itself is also subject to partial volume effects due to
spillover and motion.'?> Therefore, there is inherent
variability in the estimation of PCAT FDG uptake that
could influence the results. However, the overall con-
clusion that obesity or patients with metabolic syndrome
show an increase in inflammation, whether directly from
the vascular plaque or from the inflammatory activity of
PCAT, is potentially relevant, and may direct the tar-
geting of medical therapies for both vascular plaque and
reduction of inflammatory PCAT.

With new clinical trials underway to decrease
atherosclerosis through broad-based anti-inflammatory
agents and blockade of inflammatory cytokines,?**° the
development of methodology and new non-invasive
imaging procedures that can assess and monitor these
therapies in relation to coronary atherosclerotic plaque is
of increased importance. We look forward to further
evaluations of PCAT, perhaps with preclinical models
where the molecular inflammatory markers of the adi-
pose tissue could be correlated to the in vivo imaging,
and the influence on coronary plaque development.
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