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The concept of vulnerable atheromatous plaques and its 
characterization have been described in an attempt to elu-
cidate the pathophysiological substrate of acute coronary 
syndromes.1,2 A vulnerable coronary plaque is defined as a 
plaque which is prone to rupture or erosion, triggering an 
acute coronary event.3,4 Following the description of the 
main features associated with coronary plaque vulnerabil-
ity, this concept has been extended to carotid plaques, de-
scribing a condition, which is frequently associated with 
plaque embolization and stroke.5 

However, not all vulnerable plaques result in an acute 
cardiovascular event. A significant number of unstable cor-
onary plaques do not lead to acute coronary syndromes and 
their evolution can be regressed using statin therapy.6–8 

In recent years it has been acknowledged that besides 
plaque characteristics, a multitude of factors are involved 
in the development of an acute coronary event or stroke, 
and the concept of plaque vulnerability was extended to the 
larger concept of patient vulnerability, describing a clini-
cal situation associated with a generalized vulnerability of 
the patient following an exacerbated inflammation.9–11 The 
interrelation between plaque vulnerability and patient vul-
nerability plays a significant role in determining the devel-
opment of a coronary plaque into an acute cardiovascular 
event or towards regression and stabilization.

While patient vulnerability is characterized using so-
phisticated biomarkers associated with inflammation, 
features of plaque vulnerability have been studied using 
advanced imaging techniques. 

The recent development of Cardiac Computed Tomog-
raphy Angiography (CCTA) methods allows the noninva-
sive visualization of plaque features. Several plaque char-
acteristics demonstrated good specificity and sensitivity 

for predicting an acute coronary event.12,13 A significant 
amount of low-density plaque, a high plaque burden, the 
presence of spotty calcifications, active remodeling and 
the napkin-ring sign inside the plaque have been identi-
fied as primary characteristics associated with plaque vul-
nerability. All these features are present to a larger extent 
in culprit lesions compared with non-culprit lesions of the 
coronary arteries, at the same time being associated with 
a higher rate of recurrent cardiac events and worse out-
comes.14,15 Despite having the advantage of non-invasive 
visualisation of coronary plaques, CCTA is not able to pro-
vide relevant information on the thickness of the fibrous 
cap, a major feature of plaque vulnerability. Furthermore, 
it carries the risk of additional radiation to that delivered 
to the patient during a revascularization procedure.

A new noninvasive biomarker of plaque vulnerability 
is the shear stress, determined using CCTA data.16 Deter-
mination of the shear stress inside the coronary lumen, 
at the location of the plaque, is based on computational 
fluid dynamics. Studies assessing shear stress using this 
approach identified areas with low shear stress in the 
close vicinity of unstable coronary plaques. This implies 
that the alteration of intracoronary mechanical forces is 
involved in development of a vulnerable plaque.17,18 How-
ever, the procedure of shear stress determination is time-
consuming, therefore the technique cannot be used as a 
clinical decision tool in emergency conditions. 

A study published in this issue of the journal by Bene-
dek T et al. addresses the topic of plaque characterization 
using invasive intracoronary imaging.19 After reviewing 
and analyzing eleven studies published in the literature 
on the subject of vulnerable plaques characterization us-
ing OCT and IVUS, the most relevant markers associated 
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with vulnerable plaquesm identifiable by invasive imag-
ing, were described. The study proves that plaque burden, 
remodeling index, cross-sectional area, and the amount 
of necrotic core are the most relevant IVUS markers as-
sociated with vulnerable plaques, while the thickness of 
the fibrous cap, lipid arch, accumulation of macrophages 
and the presence of intracoronary thrombus are the most 
sensitive OCT markers of unstable plaques.19 

At the same time, the study suggests that in patients 
with acute coronary syndromes, due to the particularities 
of the invasive approach, invasive imaging should be pre-
ferred rather than a noninvasive one, as it avoids unneces-
sary delays associated with CCTA before revascularization.19

The authors concluded that both these invasive tech-
niques are complementary and can serve as useful clinical 
decision tools in ACS patients who are subject to a revas-
cularization procedure. 

Interestingly, the study addresses the topic of plaque 
vulnerability from a mixed approach, examining coronary 
plaques in culprit versus non-culprit lesions, in lipid-rich 
versus non-lipid rich plaques, in plaques with thin cap fi-
broatheroma versus those with thick cap fibroatheroma, 
and in ruptured versus non-ruptured plaques. This ap-
proach reflects the current advances in research dedicated 
to vulnerable plaque features, which indicated that not 
all vulnerable plaques have a TCFA and not all of them 
rupture. Histopathologic studies demonstrated that a sig-
nificant percentage of lesions responsible for an ACS pres-
ent plaque erosion with an intact fibrous cap, indicating 
that the classical concept of plaque rupture as the cause 
of thrombus formation and acute myocardial infarction is 
not valid in all cases.20,21

Compared to the many studies reporting CCTA-derived 
plaque features in different clinical settings, the number 
of studies included in this analysis is surprisingly small. 
This is probably explained by the low number of studies 
published in the literature, which included both OCT and 
IVUS assessment. However, the results of this systematic 
review undoubtedly indicate that in the era of noninva-
sive imaging, there is still a role for invasive assessment of 
coronary plaques using intracoronary imaging, especially 
in cardiac emergencies.
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