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Look deep into nature, and then you will understand everything
better.
- Albert Einstein

The role of inflammation in coronary disease has been recog-
nized since the days of Rudolph Virchow, the 19th century pathol-
ogist. There are two fundamental processes underlying most acute
coronary syndromes (ACS) - the more common one is rupture of
a thin cap fibroatheroma (TCFA) and the second one is erosion of
the intima. The former is responsible for most large myocardial
infarctions (MI) and is universally associated with intense inflam-
matory activity in the TCFA that results in their rupture, whereas
the role of inflammation in plaque erosion is less strong [1]. Vul-
nerable plaques have a thin collagen cap (<60um), an abundance
of macrophages and a large lipid (necrotic) core, spotty calcifica-
tion, and expansive remodeling (Glagov phenomenon). The inflam-
matory cascade in the arterial wall at the site of atheroma starts
with monocyte mobilization which is followed by transformation
of these monocytes into phagocytic tissue macrophages. Subse-
quently, phagocytized lipids, including oxidized LDL and cellular
debris, deposit in the atheroma’s necrotic core. Matrix metallopro-
teinases chew away at the collagen cap that covers atheroma es-
pecially at the edges leading to a vulnerable TCFA [2,3].

The holy grail in coronary atherosclerosis and inflammation
has been identification of such vulnerable plaques before they
rupture - this quest has proved difficult because there are far
more nonobstructive plaques that do not lend themselves to
prospective identification as lurking volcanoes but can neverthe-
less produce infarction. Only a minority of plaques with known
high-risk features lead to Mls and many such ruptures are clini-
cally silent due to countervailing fibrinolytic mechanisms [4,5]. As
such, the pursuit to identify these vulnerable plaques has relied
heavily on noninvasive imaging of adverse plaque characteristics
including inflammation. Nuclear techniques, magnetic resonance
imaging (MRI), computed tomography (CT) angiography, and con-
trast enhanced ultrasound (US) are all currently used and provide
complementary insights into arterial wall inflammatory activity.
Other invasive imaging tools such as optical coherence tomography
and Virtual histology intravascular US and near infrared spec-
troscopy can also detect vulnerable plaque but are not the focus
of discussion here which is limited to noninvasive imaging tools.
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In this elegant and concise review by Pelletier-Galarneau and
Ruddy [6], the authors describe the clinical application of PET-
CT in studying plaque inflammation. 8F-fluorodeoxyglucose (FDG),
a positron-labeled glucose analogue is the most commonly used
tracer for in vivo imaging of plaque activity, with FDG being used
to study glucose uptake by stimulated inflammatory cells.

The first clinical study applying this technique was done in pa-
tients with recent strokes and showed increased FDG uptake in
carotid plaques [7]. In addition to inflammation, other features that
occur commonly in vulnerable plaques i.e. neo-revascularization
and local hypoxia are also responsible for the increased FDG up-
take. A second, 'Carbon based PET tracer called PK11195 which
has an affinity to the translocator protein (TSPO) on activated
phagocytes, can also visualize inflamed carotid plaques in patients
with recent strokes [8,9]. Both of these tracers have also been
useful outside of the carotid vasculature i.e. in studying disease
flare ups in large-vessel vasculitis, such as giant-cell arteritis and
Takayasu arteritis.

As opposed to extracardiac imaging, coronary FDG PET can be
challenging because it requires specific dietary preparation with a
very low carbohydrate, high fat diet to suppress myocardial up-
take. Despite this preparation, there is often myocardial contami-
nation and it is difficult to tease out inflamed coronary foci from
adjacent myocardial uptake. In one study, coronary artery FDG up-
take could not be accurately assessed in 49% of cases due to my-
ocardial spillover [10]. Furthermore, the coronaries move during
cardiac contraction and relaxation, and there is additional transla-
tional/respiratory motion, and they are small in caliber compared
to the adjacent myocardium, all of which further complicate the
use of this technique for coronary purposes. To overcome these
limitations, instead of FDG, Derlin et al. studied the chemokine
receptor CXCR4 which is upregulated in unstable plaque and co-
localizes with CD68 inflammatory cells. They showed that Pentix-
afor %8Ga (a ligand for CXCR4) PET-CT visualized in-vivo culprit
coronary plaques and distinguished them from non-culprit plaques
in 37 patients with ST elevation myocardial infarction.

Coronary CTA alone can identify features of unstable plaque and
is a powerful tool beyond providing just the anatomical stenosis
severity. Features such as low attenuation plaque denoting lipid
core, spotty calcification signifying areas of intraplaque hemor-
rhage and napkin ring appearance are able to pinpoint vulnera-
ble plaques [12]. PET-CT allows one to superimpose physiological
data regarding metabolic processes on top of these CT data to get
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a more complete picture of what is happening in the arterial wall
from an inflammatory perspective. Novel tracers such as '®NaF al-
low us to study microcalcification in coronary plaque as a surro-
gate of intraplaque hemorrhage/injury and the subsequent healing
process [10]. This technique has proven useful in coronary and aor-
tic valve calcification and identifies vulnerable plaque prospectively
[7,10].

PET-MR similarly allows a true hybrid imaging solution to as-
sessing vascular inflammation [11]. Moreover, PET MR carries less
radiation than PET-CT because the MR component is free of ioniz-
ing radiation and allows simultaneous functional imaging of car-
diac structures and function, for which CMR has already estab-
lished itself as a reference standard. Specific molecular probes in
PET-MR can detect inflammation, thrombosis, apoptosis, necrosis,
angiogenesis, fibrosis or other alterations of the extracellular ma-
trix. PET-MR also provides superior motion correction and myocar-
dial blood flow assessment.

Apo E double knockout mice are prone to early aortic
atherosclerosis and thus serve as a good animal model to study
inflammation in vivo. Using MRI with gadolinium based liposo-
mal particles that latch onto integrine481 (a cytokine that recruits
monocytes), Woodside et al were able to demonstrate inflamma-
tory activity in aortic vulnerable plaques in such mice. Another
MRI technique to study plaque behavior uses the native T1 up-
take of coronary atheroma. T1 is a measure of magnetic relaxation
properties of a tissue after a radiofrequency pulse is applied and is
often used to characterize tissue structure. Thus, inflamed plaque
has a higher non-contrast T1 uptake and Noguchi et al. have shown
that a ratio of 1.4 in signal intensity between inflamed plaque and
neighboring myocardium was able to identify vulnerable plaque
that led to downstream ACS in their study of 568 patients over
55 months of follow up [13].

High in-plane resolution imaging with multicontrast T1, T2,
and proton density weighting can identify positive remodeling and
lipid-rich necrotic core. Prospective studies have confirmed that
T1-weighted MR imaging of acute plaque hemorrhage or intralumi-
nal thrombus formation accurately identifies culprit and high-risk
plaque in the carotids and coronary arteries, as well as patients
with an increased risk of future cardiovascular events [14-16].

Despite the promise of these various technologies in imaging
inflammation, many of these are in the preclinical arena, and are
not yet quite ready for widespread use. It goes without saying that
any such technique would have to demonstrate a good positive and
negative predictive value and prospectively show an improvement
in patient management and reduction in adverse events along with
cost effectiveness and safety before generalized applicability. The
race is ongoing to find a test that fits the bill for all these features.

Recent reports of quelling vascular inflammation with anti-
inflammatory agents have rekindled interest in this field. The
CANTOS trial was the first large trial to report a benefit with the
IL-18 monoclonal antibody Canakinumab [17]. IL-18 has multiple
roles in atherothrombosis via the so called “inflammasome” in-
cluding being a procoagulant, promoting monocyte adhesion to
endothelial cells and causing smooth muscle cell hypertrophy. This
trial randomized more than 10,000 patients to either canakinumab
or placebo, on top of standard post-MI therapy including beta
blockers and statins and demonstrated a 15% reduction in major
adverse cardiac events with this drug that lowered IL-6 and CRP
without any change in LDL. Many other trials (COLCOT, CIRT,

LoDoCo2) exploring suppression of inflammatory pathways are
underway and it will be exciting to explore a new paradigm of
risk reduction after 40 years of focusing on the lipid pathway [18].

The availability of multiple imaging modalities has deepened
our understanding of plaque biology and inflammation in the
pathogenesis of ACS, yet much work remains to be done to iden-
tify the vulnerable patient rather than just the vulnerable plaque.
Much like monitoring seismic activity to predict large earth-
quakes, we will have to develop more precision-medicine imaging
strategies to prevent our patients from succumbing to the on-
slaught of cardiovascular catastrophes.
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