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According to morbidity and mortality indicators, cardiovascular diseases are the leading public health issue in the Re-
public of Croatia and the European Union. Although mortality rates from ischemic disease have been reduced, Croatia 
is still categorized among countries with high cardiovascular risk. The guidelines of the European Society of Cardiology 
from 2020 for acute coronary syndrome (ACS) in patients with low to intermediate risk of coronary atherosclerotic heart 
disease (CHD) recommend coronary computed tomography angiography (CCTA) as an alternative to invasive corona-
rography. In most patients with suspicion of CHD, CCTA leads to the diagnosis of non-obstructive diseases, which caus-
es the majority of ACS cases. Multi-slice Computed Tomography scanners of the newest generation employ low doses 
of radiation and low contrast volume to reliably show the characteristics of vulnerable plaque: (i) positive remodeling, (ii) 
low attenuation plaque, (iii) spotty calcifi cation, and the (iv) napkin-ring sign. Due to positive remodeling, these plaques 
are often non-obstructive, and according to the CAD-RADS 2.0 guidelines from 2022 all their characteristics should be 
specifi cally emphasized in CCTA fi ndings. Based on the assessment of the prognostic value of vulnerable plaque char-
acteristics for adverse cardiac events, CCTA has been shown to be equally valid as other invasive diagnostic methods. 
Additionally, it was shown to be useful in indicating the optimal medication therapy and monitoring its eff ects. The results 
of large international randomized trials indicate the direction of the treatment approach for vulnerable plaque.

According to morbidity and mortality indicators, cardio-
vascular (CV) diseases are the leading public health is-
sue in the Republic of Croatia and the European Union 
(EU). According to most recent data from the Croatian 
Institute of Public Health for 2021, ischemic heart dis-
ease (IHD) had a proportional mortality of 12.4% and 
was the second most common cause of death in men, 
and was the leading cause of death in women with a 
proportional mortality of 12.6% (1). Despite a continu-
ous reduction in mortality rates for IHD over the last 
decade, mortality rates in Croatia are still high in com-
parison with other EU member states. The European 

Society of Cardiology (ESC) and the World Health 
Organization (WHO) have therefore included Croa-
tia among counties with high CV risk (2, 3). The high 
mortality rates can be partially attributable to poor in-
dicators of hospital treatment quality, based on mortal-
ity rates within 30 days for patients with acute myocar-
dial infarction, according to which Croatia, with a rate 
of 11.6 per 100 patients, is in second place among EU 
member countries (4). Additionally, all levels of preven-
tion in Croatia are insufficient in general, as opposed to 
interventional cardiology which is well-developed, but 
without systematic measurement of clinical outcomes. 
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The development of a network for primary percutane-
ous coronary interventions (PCI) has created the pre-
conditions for the application of guidelines in clinical 
practice. Namely, the ESC Guidelines from 2020 for 
patients with acute coronary syndrome (ACS) without 
ST-segment elevation (NSTEMI) state that PCI is the 
diagnostic and treatment method of choice (class I) (5). 
These are the first guidelines to recommend coronary 
computed tomography angiography (CCTA) as an al-
ternative to invasive coronarography for the exclusion 
of ACS in patients with low to intermediate risk of coro-
nary atherosclerotic heart disease (CHD) and in cases 
in which troponins and/or ECG are normal or uncon-
vincing (class I). As opposed to these Guidelines for 
ACS, the ESC published the guidelines for the diag-
nosis and treatment of chronic coronary syndrome in 
2019 and recommended CCTA as the initial diagnostic 
test in symptomatic patients in whom obstructive CHD 
could not be excluded based on clinical assessment 
(6). The application of CCTA requires familiarity with 
imaging techniques and may be associated with cer-
tain difficulties during imaging that partially depend on 
patient characteristics and which have been previously 
described (7).
Coronary heart disease, both acute and chronic, has 
very heterogenous morphological characteristics, such 
as for the extent of the disease, the stage of the nar-
rowing of the coronary arteries, and the type of athero-
sclerotic plaque. During the decades in which invasive 
coronarography was applied based on the stenosis sig-
nificance threshold of 50%, the bivariant categorization 
of CHD into obstructive and non-obstructive became 
commonplace. Since this perception completely di-
minishes the clinical significance of the CV continuum, 
non-obstructive disease has therefore been diagnosti-
cally, therapeutically, and prognostically neglected, and 
its contribution to the risk of adverse CV events has 
been neglected as well. It should be emphasized that 
the group of patients with non-obstructive CHD does 
not have the same risk distribution for adverse cardiac 
events, but instead has clearly delineated subgroups 
with different risk that are meaningful both scientifically 
and clinically. In addition to severity of stenosis, signifi-
cant prognostic value can also be ascribed to the extent 
of the disease, with patients who have triple-vessel dis-
ease having poorer prognosis in comparison with pa-
tients with single-vessel disease. Additionally, patients 
with two-vessel stenosis had a 2.6 times higher hazard 
ratio for adverse cardiac events than patients with sin-
gle-vessel non-obstructive disease (8, 9).
After CCTA or invasive coronarography, most pa-
tients with suspicion of CHD are diagnosed with non-
obstructive disease (10, 11). Previous pathological 
and diagnostic studies that applied both diagnostic 
methods indicated that most cases of ACS are in fact 
caused by non-obstructive atherosclerotic plaque (12–15). 
The improved diagnostic performance of CCTA, which 

includes three-dimensional imaging and good con-
trast and spatial resolution, enables the detection of 
twice as many atherosclerotic plaques on the coro-
nary tree in comparison with invasive coronarography 
(16, 17). These advantages of CCTA are especially im-
portant since it is known that the development of ACS 
is ascribable both to the quantitative characteristics of 
plaque, e.g. the extent of its spread, and its qualitative 
characteristics – type and morphology. As opposed 
to the application of invasive and expensive methods 
such as intravascular ultrasound (IVUS), CCTA pro-
vides non-invasive and precise imaging of the type and 
morphology of atherosclerotic plaque. Acute coronary 
syndrome is associated with the presence of vulner-
able plaque in all of its clinical subcategories (18, 19). 
Histological studies of vulnerable plaques performed 
on post mortem samples indicate characteristics that 
are highly specific to vulnerable plaque, such as posi-
tive remodeling, a necrotic core with a thin fibrous cap 
(<65 μm), macrophage infiltration in the cap, and ad-
ventitial neovascularization – vasa vasorum, microc-
alcifications, and spotty calcification (20, 21). The fact 
that CCTA can precisely visualize and quantify these 
characteristics enables risk stratification within the 
clinical continuum of ACS and optimal choice of treat-
ment modality (22).
Given the burden of IHD, improved availability of ad-
vanced MSCT scanners, and lack of human resources, 
there is a clear need for additional education in cor-
onary CT imaging. Therefore, the goal of this review 
article is to describe and depict the main diagnostic 
characteristics of vulnerable plaques, describe their 
prognostic value for adverse cardiac events, and de-
scribe how they are to present at CCTA findings.

Mechanisms for the development of acu-
te coronary syndrome and characteristics 
associated with vulnerable plaque

Intracoronary thrombi at the location of atherosclerotic 
plaque are the most common cause of ACS, whereas 
spontaneous dissection of the coronary artery and/
or coronary vasospasm are less common causes. 
The pathophysiological mechanisms for the develop-
ment of intracoronary thrombi most commonly cited 
in the scientific literature are theories on plaque rup-
ture, plaque erosion, and nodule calcification (23–25). 
Plaque rupture denotes the rupture of the thin fibrous 
cap of the fibroatheroma with leakage of necrotic fat-
ty contents into the arterial lumen, which leads to the 
formation and accretion of thrombi. Vulnerable plaque 
was defined differently in the past. It was described 
by Muller et al. in 1989 as coronary plaque highly vul-
nerable to rupture (19). More recent definitions place 
more emphasis on its clinical importance, and e.g. 
Stone et al. defined it in 2011 as a characteristic in pa-
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tients who have increased risk of future adverse car-
diac events (26).
The rupture risk of vulnerable plaque is determined by 
numerous factors, and pathohistological studies have 
shown that a fibrous cap thinner than 65 μm plays a 
significant role (27). The thickness of the fibrous cap 
is inversely correlated to the size of the central necro-
sis, and ruptured plaques have larger central necroses 
in comparison with non-ruptured plaques (20, 28, 29). 
Macrophage infiltration in the fibrous cap reduces its 
thickness, increasing rupture risk (29).
Positive remodeling is common in vulnerable plaque 
(21). This term denotes the outward growth of plaque 
with sparing of the lumen from narrowing, which is ac-
companied by neovascularization and formation of the 
vasa vasorum that destabilizes plaque since it causes 
bleeding due to the immaturity of the vessel wall (30, 31).
In contrast to calcified plaques, which are considered 
stable, microcalcifications or spotty calcifications, es-
pecially in the fibrous cap, are characteristics specific 
to vulnerable plaque (32, 33). It should be emphasized 
that positive remodeling, central necrosis, and spotty 
calcifications in vulnerable plaque were initially dem-
onstrated on pathohistological samples that had been 
analyzed exclusively post mortem for many years. 
Only recently has the development of IVUS enabled 
plaque imaging in patients, but the invasiveness of that 
procedure and its high price limit its wider availabil-
ity. Today, technologically advanced and non-invasive 
MSCT scanners are more widely available and allow 
the visualization of plaques with a low dose of ionizing 
radiation and low contrast volume. The application of 
this diagnostic method is limited by the lack of experts 
trained in the field of CV imaging, as well as radiology 
technologists and radiology specialists who know how 
to apply appropriate imaging techniques.

Vulnerable plaque characteristics at coro-
nary computed tomography angiography

The current Coronary Artery Disease-Reporting and 
Data System 2.0 (CAD-RADS 2.0) guidelines from 
2022 replaced the term “vulnerable plaque” with the 
term “high-risk plaque” (22). However, since the original 
term, “vulnerable plaque”, has become commonplace 
in the medical community, we retained its use in this ar-
ticle. The following characteristics of this type of plaque 
are clearly visible at CCTA:

•  positive remodeling,
•  low attenuation plaque,
•  spotty calcification, and the
•  napkin-ring sign. The prevalence of these charac-

teristics is relatively high and estimated at approxi-
mately 30%.

The current guidelines emphasize the importance of 
standardized notation in patient charts and recommend 

describing all of these characteristics of atherosclerotic 
plaque (22). HRP (high risk plaque) should be added as 
a modifier to written examination findings when two or 
more of these characteristics are present.

Positive remodeling

Positive remodeling is most commonly seen in clini-
cal practice. It denotes the outward expansion of the 
blood vessel wall at the location of the atherosclerotic 
plaque, leading to partial conservation of the lumen at 
the narrowing site of the coronary artery (34) (Figure 1, 
Figure 2). This characteristic can be quantified using 
the remodeling index initially suggested in studies with 
IVUS. Using IVUS, the remodeling index is calculated 
as the ratio of the area of the cross section at the nar-
rowest spot and the area of the cross section of the 
vessel proximally and distally from the narrowing (35) 
(Figure 3). CCTA often overestimates these values, and 
those greater than 1.1 are considered clinically signifi-
cant (Figure 4). Patients with ACS have higher index 
values than patients with angina and those with culprit 
plaques (36, 37). The remodeling index calculation for 
CCTA represents the ratio of the outer diameter of the 
vessel at the location of the plaque and the average 
normal diameter of the vessel proximally and distally 
from the stenosis. Plaques with positive remodeling at 
CCTA also have larger necroses and are more often 
described as thin-cap fibroatheroma (TFCA) on IVUS, 
whereas the positive remodeling index in TFCA meas-
ured by MSCT shows higher values than when using 
optical coherence tomography (OCT) (38, 39).

Low attenuation plaque

Low attenuation plaque is defined as non-calcified 
plaque with a core that has an attenuation value low-
er than 30 Hounsfield units (HU) in any measurement 
voxel (22). In clinical practice, it is important to differen-
tiate low attenuation plaque from positive remodeling, 
since the attenuation values in positive remodeling are 
often higher than 30 HU. It should be emphasized that 
the 30 HU threshold is generally accepted in clinical 
practice due to its high sensitivity and specificity in the 
detection of lipid-rich plaques (40) (Figure 4). Lower 
attenuation values, as a rule, match the necrotic con-
tents of the core, while higher diameter values of the 
core increase risk of ACS (Figure 1, Figure 2). Plaques 
with lipid contents on CCTA in comparison with IVUS 
readings generally have lower attenuation values (40, 
41). However, both in studies and in clinical practice, 
using CCTA to differentiate between soft plaque with 
lipid contents and fibrous plaque is more challenging 
due to the density overlap in these two entities (40, 42) 
(Figure 2). Additionally, in comparison with OCT, low at-
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FIGURE 1. Male patient, 58 years old, with previously diagnosed coronary artery disease and a stent in the 
proximal left anterior descending artery referred to cardiac computed tomography angiography due to 
atypical chest symptoms and palpitations. Cardiac computed tomography angiography showed a stent in left 
anterior descending artery and non-obstructive non-calcified plaque in the distal right coronary artery (A, B C). 
Detailed plaque analysis in the distal right coronary artery revealed high-risk plaque features – positive remo-
deling (remodeling index >1.1) with low attenuation values (20 Hounsfield units), and napkin-ring sign (D, E, F). 
Additionally, non-obstructive fibrous plaque with positive remodeling and attenuation values >30 hounsfield 
units was revealed in the proximal circumflex artery (G, H). LAD = Left Anterior Descending Artery; RCA = 
Right Coronary Artery; Cx = Circumflex Artery; HU = Hounsfield Units.
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FIGURE 2. Male patient, 46 years old, referred to cardiac computed tomography angiography with typical chest 
symptoms of angina and shortness of breath. Cardiac computed tomography angiography revealed sub-occlusive 
non-calcified high-risk plaque with positive (and negative) remodeling (remodeling index >1.1) and low attenuation 
values (30 Hounsfield units) in the proximal right coronary artery (A, B, C D). Additionally, non-obstructive non-cal-
cified plaque was revealed in the mid left anterior descending artery with positive remodeling and an attenuation 
value of 53 Hounsfield units (E, F, G). RCA = Right Coronary Artery; HU = Hounsfield Units.
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tenuation plaques on CCTA are associated with TFCA 
findings on OCT (43). Despite differentiation between 
lipid plaque and fibrous plaque being challenging, as 
many as 88% of ruptured plaques in ACS have attenu-
ation values lower than 30 HU, compared with only 18% 
in stable plaques. Automatized software solutions used 
for interpreting CCTA enable more reliable quantifica-
tion of low attenuation plaque (44, 45).

Spotty calcification

In most cases of sudden cardiac death, histopathologi-
cal plaque samples contain microcalcifications that are 
not visible at CCTA, as opposed to reliable imaging of 
spotty calcification (34). Spotty calcifications are small 
calcifications within soft non-calcified plaque. Their at-
tenuation is higher than 130 HU, and they are classified 
into the following categories: small (<1 mm), medium 
(1-3 mm), and massive (>3 mm) (46–48) (Figure 4). 
Spotty calcifications are associated with plaques that 
cause ACS, and studies performed with CCTA dem-
onstrated that this characteristic of vulnerable plaque 
is comparable with findings obtained by IVUS (37, 48, 
49) (Figure 3).

Napkin-ring sign

The napkin-ring sign is a unique CCTA characteristic of 
vulnerable plaque that can be seen on cross sections 
of non-calcified plaque. It comprises a necrotic core 
zone with low attenuation that borders the lumen and 
is surrounded by a ring-shaped zone of higher attenu-
ation that matches the fibrous tissue (50, 51) (Figure 
1). This is a reliable marker for the detection of TFCA 
and matches pathohistological and OCT findings (39, 
51, 52). The technological development of MSCT scan-

ners at the start of the past decade has enabled us to 
conduct studies in which the napkin-ring sign was com-
pared with other characteristics present in invasive car-
diologic diagnostic methods and pathohistological find-
ings. Diagnostic studies preceded studies focused on 
the assessment of the prognostic value of vulnerable 
plaque characteristics for adverse cardiac events.

Prognostic value of vulnerable plaque 
characteristics at coronary computed
tomography angiography

The results of studies based on invasive and non-inva-
sive imaging methods of the  coronary arteries indicate 
that ACS was associated with non-obstructive plaque 
(<50%) in the majority of patients, moreover those with 
non-obstructive CHD (in comparison with patients with-
out CHD) had significantly higher risk of cardiac death 
and ACS (9, 53, 54). Previous studies on pathohisto-
logical samples demonstrated an association between 
vulnerable plaque characteristics and the clinical entity 
of ACS. Cardiological and radiological diagnostic meth-
ods for coronary imaging also allow us to quantify the 
risk of adverse cardiac events. Most studies focused 
on the prognostic values of vulnerable plaque charac-
teristics, in addition to differences in study design and 
study populations, are also marked by different CV out-
comes and follow-up times. Despite these differenc-
es, almost all studies found increased risk of adverse 
events to be associated with an increased number of 
vulnerable plaque characteristics. Additionally, some 
studies did not take into account the undoubtably posi-
tive effect of optimal medication therapy (OMT), which 
certainly impacted the outcomes. Follow-up time is 
extremely important, since reliable assessment of the 
prognostic value of individual characteristics of vul-
nerable plaque requires long follow-up periods due to 

FIGURE 3. Female patient, 64 years old, referred to cardiac computed tomography angiography due to long- standing insuffici-
ently regulated diabetes and multiple cardiovascular disease risk factors. Cardiac computed tomography angiography revealed 
diffuse non-obstructive coronary artery disease. Curved multiplanar reconstruction and cross-section analysis of the proximal 
left anterior descending artery showed non-obstructive non-calcified plaque with positive remodeling (remodeling index <1.1) 
and spotty calcification (A, B)
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FIGURE 4. Male patient, 64 years old, with previously diagnosed non-obstructive coronary artery disease and low adherence 
to optimal medical therapy. Cardiac computed tomography angiography revealed non-obstructive non-calcified plaque in the 
proximal right coronary artery and proximal and mid left anterior descending artery (A, B, C, D). Detailed plaque analysis in 
the proximal RCA revealed considerable positive remodeling (remodeling index >1.1) with different attenuation values from 
20 to 80 hounsfield units that was consistent with lipid rich and fibrous components (E, F, G). Proximal left anterior descending 
cross-section plaque analysis revealed non-calcified fibrous plaque with positive remodeling and an attenuation value of 120 
hounsfield units, and spotty calcification (>300 Hounsfield units) (H, I). In comparison, attenuation values of 600 Hounsfield units 
are consistent with the contrast agent within the lumen (J).
LAD = Left Anterior Descending Artery; RCA = Right Coronary Artery; HU = Hounsfield Units
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potential plaque stabilization. In that sense, CCTA has 
shown itself to be a reliable tracking method for moni-
toring the natural course of CHD, and additionally im-
proved prognostic values regarding plaque level are 
also partially ascribable to more recent software solu-
tions that allow more precise quantification (40, 55, 56). 
One of the first prospective studies on the prognostic 
values of low attenuation plaque, positive remodeling, 
and spotty calcification for predicting adverse cardiac 
events after more than two years of follow-up identi-
fied low attenuation plaque and positive remodeling 
as predictors (57). Along with positive remodeling and 
low attenuation plaque, the napkin-ring sign was also 
shown to be a predictor for ACS and cardiac death af-
ter 2.3 years of follow-up (58). A meta-analysis dem-
onstrated a significant 12.1 times higher hazard ratio in 
patients with vulnerable plaque characteristics in com-
parison with those who had stable plaque, as well as a 
significantly higher number of low attenuation plaques 
(<30 HU) in ACS patients compared with the number 
of plaques detected in patients with stable angina (37). 
Given the nature of positive remodeling from the lumen 
outwards, vulnerable plaque often causes non-obstruc-
tive stenosis, and the benefits of OMT are therefore to 
be expected. The diagnosis of non-obstructive disease 
is established in a large proportion of patients referred 
to CCTA for suspicion of CHD, which is associated with 
most ACS cases. According to the results of the PAR-
ADIGM study, the characteristics of vulnerable plaque 
did not influence the dynamic of the progression of non-
obstructive plaque to obstructive plaque after two years 
of follow-up, whereas this role was instead demonstrat-
ed for initial percentage volume of the atheroma and 
the stenosis diameter percentage, which were the only 
significant predictors of the development of obstructive 
lesions (59, 60). This study also found differences with 
regard to sex, namely a significantly lower prevalence 
and slower plaque progression in women (61). These 
results are in contrast with the results of the PROS-
PECT study, where IVUS was used for the detection of 
vulnerable plaque in patients with ACS, who were then 
followed-up for 3.4 years (62). In this study, 596 cases of 
TFCA were found in a sample of 700 patients, and of a 
total of 74 adverse cardiac events, only six could be as-
cribed to cardiac death and non-fatal myocardial infarc-
tion after somewhat more than three years of follow-up. 
Other studies, such as for example VIVA, used IVUS 
and reported similar results (63, 64). These results ob-
tained by imaging of the coronary arteries and plaques 
partially correspond to the results of pathohistological 
studies, according to which plaque rupture in 10-20% of 
non-significant plaques was not accompanied by clini-
cal symptoms (65). It is likely that most plaques rupture 
and heal without causing ACS. Such results bring into 
question the very concept of risk assessment by detect-
ing vulnerable plaque, as well as the concepts of “vul-
nerable” and “high-risk” plaque. These results are con-

trary to the results of MSCT studies where the volume 
of non-calcified plaque in patients with non-obstructive 
lesions and NSTEMI was shown to be a significant 
predictor of adverse cardiac events after 16 months of 
follow-up (66). In patients with acute chest pain, vulner-
able plaque characteristics after CCTA were shown to 
be a significant predictor of ACS, regardless of stenosis 
stage (49). These studies formed a basis for the imple-
mentation of CCTA in the clinical practice of emergency 
services which would be in line with the recommenda-
tions from the ESC Guidelines for ACS (5). Reliable as-
sessment of the prognostic value of vulnerable plaque 
for adverse cardiac events regardless of the imaging 
methods assumes adjustment for other risk factors for 
ACS. In addition to vulnerable plaque characteristics, 
simultaneous or asynchronous presence of systemic 
factors such as prothrombotic milieu, localized or sys-
temic inflammatory state, and environmental proinflam-
matory factors influences the risk of ACS development. 
The effect of OMT using statins, aspirin, and anti-in-
flammatory medications further modifies the risk as-
sessment for vulnerable plaque rupture, which should 
also be considered in the clinical risk assessment.

The effect of treatment on vulnerable 
plaque

The protective effect of OMT for adverse cardiac events 
has been confirmed by large international studies. Ad-
ditionally, the application of CCTA increases OMT pre-
scription, especially in patients with non-obstructive 
CHD (67). After CCTA, medication therapy was changed 
in more than half of patients, while the indication for in-
vasive coronarography was eliminated in as many as 
three fourths of patients (68). An early study using inva-
sive coronarography demonstrated the positive effects 
of statins, such as for example moderate regression 
and stabilization of plaques based on the reduction of 
the necrotic plaque core and the inflammatory compo-
nent, with reduced macrophage infiltration and thicken-
ing of the fibrous cap (69). Stabilization of vulnerable 
plaques and their characteristics improved treatment 
outcomes in patients with ACS, which encouraged the 
introduction of atorvastatin into the therapy (70). Similar 
results were obtained in the PARADIGM study, which 
aimed to quantify the influence of statin therapy on 
plaques (71). Namely, statins slow down the progres-
sion of total atherosclerosis volume, increase plaque 
calcification, and reduce the development of new vul-
nerable plaques by up to 35% on follow-up CCTAs in 
a period longer than two years. However, the propor-
tion of patients with stenosis progressing from non-
obstructive to obstructive over two years did not differ 
significantly. In patients with unstable angina pectoris, 
high statin doses led to thickening of the fibrous cap in 
the fibroatheroma, and in combination with ezetimibe 
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it reduced adverse cardiac events in comparison with 
statin therapy alone (72, 73). These studies confirmed 
the greater influence of statins on the soft components 
of the plaque and the reduction of total plaque volume 
in comparison with coronary artery narrowing, as well 
as a positive effect on survival due to the reduction of 
the frequency of adverse cardiac events. In addition to 
statins, effective reduction of the inflammatory compo-
nent was also observed with other medications, such 
as for example lipoprotein-associated phospholipase 
A2 inhibitors, colchicine, methotrexate, and interleu-
kin-1 antagonists. Lipoprotein-associated phospholi-
pase A2 inhibitors were effective in slowing down the 
development of the necrotic core in vulnerable plaque, 
but large randomized trials did not demonstrate benefit 
in clinical outcomes (74, 75). Compared with placebo, 
the use of colchicine in small doses (0.5 mg) in patients 
with recent myocardial infarction significantly reduced 
future adverse cardiac events, including spontaneous 
myocardial infarction, after 2.5 years of follow-up (76). 
In contrast to these results, methotrexate at low doses 
of 15-20 mg per week in comparison with placebo did 
not show reduction of inflammatory parameters or a re-
duction in the rate of adverse cardiac events after 2.3 
years of follow-up (77). Canakinumab, a monoclonal 
antibody, significantly reduced CV events in compari-
son with placebo after 3.7 years of follow-up in patients 
with previous myocardial infarction (78). The significant 
role of inflammatory parameters in the etiology of ACS 
has been demonstrated in numerous studies, and the 
negative results of individual medications where the 
goal was to demonstrate benefits of OMT are ascriba-
ble primarily to the inadequately identified biochemical 
and pathohistological mechanisms of action of these 
medications in CHD rather than to the questionability of 
the concept of reducing local and systemic inflamma-
tion parameters. As opposed to studies on vulnerable 
plaque that aimed to demonstrate the benefit of OMT, 
primarily statins, other studies attempted to identify the 
benefit of applying percutaneous coronary interven-
tions. Due to their still-superior resolution in compari-
son with CCTA, many studies used IVUS and OCT for 
the quantification of individual parameters of the char-
acteristics of vulnerable plaque, but the availability of 
these invasive imaging methods is relatively poor, re-
quiring more resources and operator experience. We 
already noted that vulnerable plaques often cause non-
obstructive narrowing (<50%) due to positive remod-
eling, but they are considered high-risk nevertheless. 
The recent PROSPECT-ABSORB study did not show 
a significant reduction of adverse cardiac events in pa-
tients with vulnerable plaques treated with bioresorb-
able stents in comparison with OMT after four years of 
clinical follow-up (79). The results of the PECTUS study 
were similar, in which OCT was used for the detection 
of non-obstructive vulnerable plaque, but the study 
was discontinued due the withdrawal of bioresorbable 

stents from the market (80). The low number of patients 
in that study reduces its scientific usefulness. The cur-
rent studies, such as PREVENT (NCT02316886) and 
VULNERABLE (NCT0559906), aim to demonstrate the 
benefits of PCI for non-obstructive vulnerable plaque, 
and will surely elucidate the benefits of this approach in 
patients with ACS. The results of studies performed so 
far do not indicate a significant benefit from PCI in com-
parison with OMT with regard to the reduction of ad-
verse cardiac events in patients with vulnerable plaque 
diagnosed by invasive or non-invasive methods.

Conclusion

Coronary heart disease represents the leading public 
health issue in the Republic of Croatia, and its diagnosis 
includes the application of both invasive coronarogra-
phy and CCTA. Due to its non-invasiveness, CCTA has 
numerous advantages, especially with regard to its di-
agnostic performance, which allows clear visualization 
of qualitative and quantitative characteristics of athero-
sclerotic plaque. Identification of these characteristics 
has risen in clinical importance, as the rupture of most 
stable and vulnerable plaques is not accompanied by 
clinical symptoms. Thus, current guidelines empha-
size that vulnerable plaque characteristics, such as for 
example positive remodeling, low attenuation plaque, 
spotty calcification, and the napkin-ring sign should be 
noted in the examination findings in order to allow risk 
assessment for rupture and ACS. In the assessment of 
prognostic value for adverse cardiac events, vulnerable 
plaque characteristics on CCTA had positive results, 
but a higher level of scientific evidence is needed to 
confirm this examination as the sole method of choice 
for risk assessment. The results of randomized clinical 
studies without doubt show the positive effect of statins 
on the stabilization of vulnerable plaque, but also on 
the reduction of systemic and local inflammation pa-
rameters. Optimal medication therapy showed similar 
therapeutic effectiveness with regard to the reduction 
of adverse cardiac events at vulnerable plaque, as did 
the methodologically safe invasive percutaneous ap-
proach. However, it should be emphasized that there 
is currently no unambiguous answer to this therapeutic 
challenge that is increasingly common in everyday clini-
cal practice.
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