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Atherosclerosis is a chronic degenerative disease, with a significant inflammatory
component, characterized by phases of rapid activation leading to important clinical
events, such as myocardial infarction. One of the major challenges of modern cardi-
ology is limiting the progression of atherosclerotic disease and anticipating the

phases of instability as to limit its consequences. In this contest modern techniques
of intra-coronary imaging, such as optical coherence tomography, could have a piv-
otal role in identifying patients at higher risk of acute events in the short term. The
purpose of the CLIMA study is to identify and map the vulnerability criteria of ath-
erosclerotic coronary plaques in the individual patient, and provide a personalized
risk score for coronary events.

Atherosclerosis as inflammatory disease

Atherosclerosis is customary referred to as a chronically
progressive degenerative vascular disease affecting the in-
tima of the medium and large size arteries." The condition
is characterized by the progressive buildup and oxidation,
at endothelial level, of lipoproteins, and consequent devel-
opment of chronic inflammatory state, which, in time,
leads to rearrangement of the vascular wall with formation
of lesions known as atheroma or atherosclerotic plaques.?
In practical terms atherosclerosis affects the function of
the vascular endothelium, with a progressive thickening of
the intima generated by the accrual of lipids (fats), and
proliferation of fibrous tissue. The endothelial dysfunction
favours the progression of atherosclerosis, thus creating a
vicious circle, shaping a dynamic and progressive disease.>
The progression of atherosclerosis is usually slow and clini-
cally asymptomatic during the first decades of life. The
deleterious effects of the disease start appearing during
the 40-50years of age, particularly in susceptible individu-
als with cardiovascular risk factors (e.g. cigarettes smok-
ing, diabetes), who manifest acute ischaemic events
affecting the brain, the heart, or the limbs." The acute
events are usually consequent to a rupture plaque which,
in turn, activates a thrombotic event of variable intensity.
In practical terms, endothelial dysfunction and the related

inflammatory state, enhance the growth of the lipid com-
ponent inside the vessel wall, thus thinning the surrounding
collagen fibrous cap. These events determine an instability
of the atheroma, which becomes more vulnerable to the
circulatory haemodynamic stress (e.g. shear stress, varia-
tion of arterial blood pressure). The end result is the ero-
sion or the ulceration of the lipid plaque, and the exposure,
on the flow side of the vessel, of highly thrombogenic ma-
terial, such as tissue factors and collagen; what ensues is
platelet and coagulation cascade activation, intended to
repair and re-establish the integrity of the vessel wall.*
The reparative process could have a favourable effect, and
lead to chronic progression of the atherosclerotic process,
or establish a thrombus formation causing a critical primary
reduction of the blood flow, or its complete blockage (vas-
cular occlusion). For the cardiologist, the sudden critical
reduction of the blood flow translates, clinically, in the
acute coronary syndrome (ACS), with ST elevation myocar-
dial infarction (STEMI) or sudden cardiac death its most om-
inous manifestations. Epidemiologic data on
atherosclerosis concern mainly cardiovascular mortality,
which in the western countries, represent the first cause of
death in both sexes. Considering the multifactorial aetiol-
ogy and the irreversibility of the vessel wall lesions, the
therapeutic intervention should aim, initially, at primary
prevention (prevention and/or control of progression of
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Figure 1 Ulcerated lesions responsible for coronary thrombosis in the acute phase (A and B) and not (C and D). (A) Acute erosion with thrombosis; (B)
acute ulceration with thrombosis; (C) evolution of previously eroded plaque; (D) evolution of previously ulcerated plaque. Examples of vulnerable pla-
ques (E and F); (E) lesion with high lipid component and thin fibrous cap (arrow); (F) lesion with high inflammatory component (arrow).

atherosclerosis), with the use of behavioural and/or phar-
macologic measure. While the behavioural measure could,
and should, be implemented for the population in general,
the extensive use of drugs in primary prevention settings is
neither recommended by the guidelines, nor is economi-
cally sustainable. Hence the importance of identifying
patients at higher cardiovascular risk, by accurately staging
the atherosclerotic disease, also during its clinically silent
phase.®

Intra-coronary imaging with optical
coherence tomography in the assessment of
atherosclerosis

Optical coherence tomography (OCT) is an imaging tech-
nique employing retro-reflection of light at near infrared
frequency from the optical interface of the tissue to gener-
ate high resolution images (10-15 um).®” Coronary applica-
tion of OCT allows for atherosclerotic plaque visualization
and its functional characterization®'® with high degree of
specificity and sensibility. In particular, as compared to
other imaging techniques (e.g. intravascular ultrasound),
OCT allows for identification of the cellular components of
the plaque’®'": it is possible to measure the density of in-
flammatory cells utilizing algorithms exploiting tissues
acoustic properties'?; it is reliable enough as to measure
the small vascular structures feeding the coronary lesions
(vasa vasorum)'3; it is the sole presently available technol-
ogy able to quantify the component of the atherosclerotic
plagque, among which the extension of the lipid pool and
the thickness of the fibrous cap in vivo.”'* The major
shortcoming of this technique is its limited tissue penetra-
tion, such that an optimal plaque definition is possible only
in its superficial layer, not deeper than 500um. This

limitation is the reason why OCT doesn’t have the same ac-
curacy for all the various vascular districts. Optical coher-
ence tomography is then the imaging technique with the
highest potential for identification of vulnerable plaques,
regardless their extension/severity (e.g. angiographically
non-critical lesions) (Figure 1). Post-mortem studies
revealed that vulnerable plaques are rich in inflammatory
cells (mostly macrophages and lymphocytes, and lesser
amount of mastocytes), producing lytic enzymes (metallo-
protease) able to breakdown the collagen of the fibrous
cap, which then becomes vulnerable to the haemodynamic
stress. The density of the neo-formed vessels has also been
considered a factor in the progression/instability of the
plaque, in that it provide for the influx of monocytes/mac-
rophages in the lesions, as well as the intra-plaque haemor-
rhage, originating from the rupture of the neo-formed
vessels. Furthermore, OCT offers a better visualization of
intra-plaque calcifications, which according to some
researchers, illustrate the stage of the atheroma, and rep-
resent a point of less resistance to the mechanical
solicitations. "

Rationale for a novel use of intra-coronary
optical coherence tomography

During the last decade several groups utilized intracoro-
nary OCTwith the purpose to validate, in vivo, the findings
of post-mortem studies, and to understand new pathophys-
iologic scenarios. Serial studies from our group outlined
that the evolution/healing mechanisms of the culprit pla-
ques, responsible for ACS, are heterogeneous and not al-
ways predictable.'® The opportunity to employ OCT, in
vivo, in serial studies, is of significant advantage over the
post-mortem studies. '8 It is, in fact possible to evaluate
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the evolution of vulnerable plaques both from the morpho-
logic and functional aspect (variation of the thickness of
the fibrous cap, and reduction of the inflammatory compo-
nent), as well as the efficacy of the lipid lowering therapy
on the progression/regression of coronary atherosclerosis.

The CLIMA study

The CLIMA study (clinical trial.gov NCT02883088) was con-
ceived as a prospective observational registry to investi-
gate the correlation between the morphology of
atherosclerotic plaques, as assessed by OCT analysis, and
the risk of future cardiovascular events in the mid
(months), and long-term follow-up (years). This is a
multicentre study, involving high volume units with signifi-
cant experience in intravascular imaging, aiming at col-
lecting data on all patients who underwent OCT evaluation
of the left anterior descending coronary artery in its mid-
proximal portion (at least 30 mm), which was not revascu-
larized (percutaneous and/or surgical approach). The en-
rolled patients will be regularly followed both with
telephone and office visits, for a 10 years period. During
the follow-up all new cardiovascular events and cardiology
related hospitalizations will be recorded; the clinical docu-
mentation will be carefully collected and transferred in a
dedicated database which will be evaluated by a specific
committee. The comprehensiveness and the accuracy of
the data in the registry will be constantly verified, in an ef-
fort to limit incomplete data (<5% for each variable
recorded).

Study endpoints

Primary endpoint of the study is the correlation between
OCT criteria of plaque vulnerability (derived from post-
mortem studies), and the actual incidence of cardiac
events attributable to the atherosclerotic plaques. A map
of the coronary lesions will be constructed for each single
patient, and the tendency toward instability over time will
be assessed, according to the presence of OCT vulnerability
criteria. In detail, will be evaluated the effectiveness of a
risk scoring system based on several OCT instability criteria
present concurrently in the same plaque. For the study,
only patients with non-critical atherosclerotic plaques in
the mid-proximal portion of the left anterior descending
coronary artery will be enrolled, and only major cardiac
events (cardiac death and anterior myocardial infarction
[STEMI/NSTEMI]) immediately attributable to such plaques
will be considered.

Optical coherence tomography criteria for
vulnerability

Based on post-mortem studies and the present pathophysi-
ologic understanding the following OCT criteria were se-
lected for the definition of vulnerable atherosclerotic
plaque:

e Minimal luminal area at the level of the plaque <3.5
2

mm

Lipid pool extension inside the plaque >180°

Fibrous cap thickness <75 um

Presence of macrophage inflammatory infiltrate

e Presence of calcific nodules

e Presence of neo-vascularization (vasa-vasorum) and/
or intra-plaque haemorrhage

e Presence of cholesterol crystals (within the lipid pool)

Optical coherence tomography images will be evaluated
by two independent specialists.

Study population and preliminary results

After a first initial phase which included 500 patients, nec-
essary to test the research hypothesis and to calculated
the necessary statistical sample, a total of 1003 patients
(1776 lipid plaques) have been enrolled after OCT evalua-
tion in the setting of ACS or stable ischaemic cardiomyopa-
thy. The enrolment process started in January 2013 and
was concluded in December 2016, and presently all the en-
rolled patients reached, at least, the minimum follow-up
of 1 year; the rate of major cardiac events has been 4%.
The ability of OCT to study plaque morphological features
with unprecedented detail, including the accurate assess-
ment of fibrous cap thickness and signs of local inflamma-
tion enabled the identification of a population subgroup
with a high risk of developing hard events. Indeed, the
CLIMA registry applied for the first time in a prospective
study a novel OCT grading based on the simultaneous pres-
ence of four adopted vulnerability criteria including the
presence of macrophages.
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