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Atherosclerosis often affects the coronary arterial tree. Frequently the disease
does not translate in significant narrowing of the vessels, thus determining only a
non-obstructive disease. This condition that is described as non-obstructive coronary
artery disease (NobsCAD) should be distinguished from the absence of disease (i.e.
smooth coronary arteries) as it carries a specific prognostic value. The detection and
reporting of NobsCAD should prompt preventive measures that can be individualized
upon the degree of the underlying burden of disease. The accompanying clinical
condition, the other cardiovascular risk factors present, and the description of the
severity and extent of NobsCAD should provide the framework for an individualized
treatment that should also consider the best available scientific evidence and guide-
lines. The description of NobsCAD represents important information to be collected
whenever a coronary angiogram (both invasive and non-invasive) is performed.
Treating the patient according to the presence and extent of NobsCAD offers prog-
nostic benefits well beyond those offered by considering only the traditional cardio-
vascular risk factors. In order to reach this goal, NobsCAD should not be confused
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with the absence of coronary atherosclerosis or even ignored when detected as if it
was a trivial information to provide.

Introduction

Several studies have substantially described the history of
coronary heart disease focusing on the detection of signifi-
cant stenosis, their capacity to limit coronary flow, and
their treatment. The treatment of coronary heart disease
has therefore become equivalent of treating ischaemic
heart disease, namely coronary artery stenosis. It is well-
known that atherosclerotic disease begins and progresses
with elementary lesions of the coronary walls and that only
at an advanced stage does it determine clinical events.
Seriate studies have shown how non-obstructive coronary
artery disease (NobsCAD) is a precursor of more severe
lesions and of the subsequent appearance of atherothrom-
botic complications and the relative clinical symptoms.1 In
the past, various observations have been made on the
NobsCAD clinical and prognostic role.2–4 However, it was
only after the results of large prospective studies mainly
conducted by using coronary computed tomography angi-
ography (CCTA) that it became evident that NobsCAd nega-
tively affects prognosis (in particular its severity and
extent) albeit to a smaller extent compared to the obstruc-
tive disease5,6 (Figure 1 and 2). Therefore, it is necessary
to consider NobsCAD within the cardiovascular risk contin-
uum. It reflects the atherosclerotic vessel damage and

therefore identifies a ‘local’ risk, but it should also be con-
sidered as a sign of increased global cardiovascular risk.7

The guidelines do not currently provide a specific therapy
for NobsCAD. However, several findings identify this condi-
tion as a ‘risk modifier’ and therefore as a further indicator

Figure 1 Even-free survival and age adjusted survival of 4711 women and 6512 men who performed an invasive coronary angiography for stable angina cat-
egorized according to the presence and severity of atherosclerosis. Obstructive coronary artery disease was defined as the presence of at least one stenosis
>50%. Non-obstructive coronary artery disease was defined as the presence of 1-49% lesion of at least one epicardial artery. The observed events included
cardiovascular death, hospitalization for myocardial infarction, heart failure and stroke. It can be noted how non-obstructive coronary atherosclerosis
(NobsCAD) has a negative prognostic value, comparable to that observed for patients with a critical stenosis in men while it is even higher for women.

(NobsCAD ¼ non-obstructive coronary artery disease, OCD ¼ Obstructive coronary disease, 1-2-3V ¼ 1-2-3 vessels (Adapted from Jespersen et al.).32

Figure 2 Survival probability of patients with obstructive coronary dis-
ease (OCD), non-obstructice coronary artery disease (NobsCAD) and with
no atherosclerotic disease (NO-CAD). NobsCAD is further categorized based
on the number of vessels diseased. The progressive burden of NobsCAD is
associated with an increasingly worse outcome. 3VNobsCAD carries a worse
outcome compared to OCD. Adapted from Min et al.5 and Lin et al.6
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of increased cardiovascular risk.8 This Position Paper aims
at focusing the Italian scientific community’s attention on
NobsCAD, by recommending its accurate identification
and description in order to grant specific measures able to
reduce the risk of events, as suggested by a some recent
clinical trials.9,10

Description and identification of non-
obstructive coronary atherosclerosis

Non-obstructive coronary atherosclerosis
description
Two recent Consensus documents—one of the American
Heart Association (AHA)11 and the other by European
Society of Cardiology (ESC)12 in addition to the ESC
Guidelines on non-ST-elevation in acute coronary syn-
dromes (ACS-NSTE)13 have described and identified
NobsCAD as detected at coronary angiography (Table 1).
While both documents agree in considering the presence
of NobsCAd only for those lesions determining <50%
lumen reduction in at least one epicardial branch less
unanimous appears the definition of no coronary heart
disease. In fact, the Working Group on Cardiovascular
Pharmacotherapy includes among those with no coronary
disease those with lesions<30%.12

Identification of non-obstructive coronary
atherosclerosis
NobsCAD can be detected through the use of various imag-
ing techniques, such as conventional coronary angiography
(CCA), CCTA, and coronary magnetic-resonance angiogra-
phy (CMRA).

Conventional coronary angiography
It represents the main used technique in the detection of
coronary disease. However, some limitation which affects
its sensitivity and specificity in correctly examining
the atherosclerotic disease and its effects. Conventional
coronary angiography provides a two-dimensional luminog-
raphy, which through multiple projections allows a three-
dimensional image reconstruction and subsequently an
indirect estimate of the lesion severity. A major limitation
of CCA is the lack of information about the plaque

composition of the lesions observed and the accurate de-
tection of the overall atherosclerotic burden of the artery.
The description of the severity of a lesion by CCA is af-
fected by the subjective description of the Cardiologist
performing the examination and also by technical issues
such as the presence of curved lesions, overlapping vessels,
possible non-optimal opacification, and biological events
(i.e. variation in muscle tone, spasms). All the above-men-
tioned aspects may lead to a significant intra- and inter-
observer variability and, finally to a potentially relevant in-
accurate estimation of the disease severity.14–16

Finally, it is well-known that the sole CCA description of
a coronary lesion does not allow to obtain adequate clinical
information, especially in NobsCAD patients. Besides any
concern about the accuracy of this tool, it is important to
highlight that the relation between the stenosis lesion
and ischaemia is affected by factors that go well beyond
the stenosis severity of the epicardial vessel.17

Intravascular ultrasound/optical coherence
tomography
Many intravascular ultrasound (IVUS) studies are reported
in literature and have shown a significant coronary athero-
sclerotic burden even in subjects whose vessels have been
defined as ‘normal’ by CCA.18 Due to the insufficient adop-
tion in clinical practice of intracoronary imaging techni-
ques [IVUS and optical coherence tomography (OCT)], it is
not always possible to evaluate the non-obstructive lesions
and determine their true ‘ischaemic’ significance. There
are reports using IVUS or OCT showing that in NobsCAD
patients (between 30% and 40% stenosis), at least one
out of five presented a vulnerable plaque, predictor of
cardiovascular events.19

Coronary computed tomography angiography
A powerful method to identify NobsCAD is represented by
CCTA. In consideration of the technological progress over
the past few years, it is possible to accurately assess the
presence and severity of coronary stenosis (sensitivity and
negative predictive value to the detection/exclude steno-
sis >50%, both > 90%),20 the atherosclerotic ‘burden’ and
qualitative plaque characteristics, thus adding prognostic
information of primary relevance.21,22

Table 1 Meta-analysis on the prevalence and prognosis of non-obstructive coronary atherosclerosis

MACEa Incidence Annual MACE incidence
in-stable angina

Annual MACE incidence
In ACS-NSTE

No coronary disease
(stenosis 0–�20%)

Moderate vs. no coronary
disease: Risk ratio 1.85

(95% CI 1.52–2.26)

0.3% (95% CI 0.1–0.4%) 1.2% (95% CI 0.02–2.3%)

Moderate coronary
disease (stenosis� 20–�50%)

Moderate vs. obstructive
(95% CI 0.20–0.38)

0.7% (95% CI 0.5–1.0%) 4.1% (95% CI 3.3–4.9%)

Obstructive coronary
disease (stenosis >50%)

2.7% (95% CI 1.7–3.7%) 17.0% (95% CI 8.4–25.7%)

ACS-NSTE, non-ST segment elevation acute coronary syndromes; CI, confidence interval; MACE, major adverse cardiovascular events.
aCardiac death and myocardial infarction.
Adapted from Wang et al.33

C166 G. Casolo et al.



Hystopathological studies have shown the characteristics
associated with a major vulnerability of the coronary
plaques: presence of a thin-cap fibro-atheroma, a necrotic
core, an elevated plaque ‘burden’, and a positive remodel-
ling of the arterial wall. Many of these characteristics can
be detected by CCTA. The presence of high-risk plaque
characteristics allow to identify patients that at a later
stage more frequently will suffer major adverse cardiovas-
cular events (MACE). Despite the capability of identifying
the characteristics associated to plaque vulnerability, the
predictive value of these findings as well as a definite clini-
cal intervention strategy has not yet been well estab-
lished.23 More information and data are instead available
about the atherosclerotic plaque ‘burden’.

Coronary computed tomography angiography suffers
from some limitations. Compared to CCA, CCTA has a
lower spatial resolution,24 and also there is a significant
inter-observer variability in the definition of the plaque
characteristics.25 Atrial fibrillation and high heart rates
significantly and negatively affect image. The latest
generation of scanners is less affected by these limita-
tions. Radiation exposure can now even be lower
compared to CCA.26

Coronary magnetic resonance angiography
Another non-invasive method used to detect NobsCAD is
CMRA. Unfortunately, this tool possesses a significantly
lower spatial resolution compared to CCTA. So far CMRA
allows only an accurate evaluation of the anatomy of
the proximal coronary segments; therefore, it cannot be
considered an electivemethod to diagnose NobsCAD. By us-
ing a multiparametric approach CMRA may allow an accu-
rate evaluation of the atherosclerotic plaque components.
However, this potentiality can only be considered some-
thing clinically useful when a sufficient spatial resolution
will be possible.

The prevalence of non-obstructive coronary
atherosclerosis in different clinical
conditions

Atherosclerosis is the most common disease involving the
coronary arteries and is usually detected through the study
of the coronary tree in patients with signs or symptoms
of myocardial ischaemia. In the last few decades, the
increased use of diagnostic methods for the study of the
coronary arteries in patients with suspected myocardial is-
chaemia has led to the detection of a NobsCAD in a large
proportion of patients. Similarly, NobsCAD has been ob-
served in both acute and chronic coronary syndromes.
Furthermore, not rarely, NobsCAD is described in patients
occasionally evaluated by coronary artery imaging studies
performed for other conditions.

To date there is no agreement regarding the definition of
obstructive/non-obstructive coronary disease, therefore,
the available epidemiological data in scientific literature
are very heterogeneous.7 Although the standard angio-
graphic value for the definition of obstructive coronary
disease applies to stenosis =¼ or >50% of the epicardial
coronary vessel, several clinical studies include in the non-

obstructive stenosis group all the coronary lesions that
do not exceed a >70% lumen obstruction. In other studies,
the cut-off to distinguish a critical obstruction from a non-
critical one is equal to 50% for the common trunk and 70%
for the remaining epicardial branches. Furthermore, some-
times a minimum value >20% allows to consider NobsCAD
as present, while in other studies no precise value is indi-
cated to determine the presence of atherosclerotic dis-
ease. Indeed, the use of imaging methods, such as IVUS,
has allowed to detect the presence of coronary atheroscle-
rotic lesions even in patients with CCA described as free of
lesions or ‘normal’.18 In addition, the increasingly common
use of CCTA has made the description of NobsCAD less
accurate. In fact, when using CCTA the coronary lesions can
be considered obstructive with a good confidence only
when >90%. For those lesions, 50–90% it is suggested to
perform other tests27 to determine their clinical meaning.
Dealing with acute coronary syndromes (ACS), the preva-

lence of myocardial infarction with non-obstructive coro-
nary artery disease (MINOCA) (absence of stenosis >50%)
ranges between 5% and 15%, depending on the population
studied.11 The use of intra-coronary imaging techniques
has allowed the detection of ruptured atherosclerosis pla-
ques in over a third of patients with MINOCA.28

Furthermore, it has been observed that in the majority of
MINOCA patients those plaques that undergo a rupture are
not the among the most severe.29

As above mentioned, coronary plaques can be observed
in �50% of patients with unstable angina in absence of
critical coronary stenosis.2

Large-scale US observational studies of patients who
underwent elective coronary angiography have reported
the presence of a NobsCAD (non-critical lesion but>20%) in
18–22% of the whole population examined.30,31 In particu-
lar, NobsCAD involving only one coronary artery was
reported in 12% of patients while was detected in two
vessels in 7%. In the same study, a three-vessel NobsCAD
was observed in 3%. In a large study conducted in Denmark,
which enrolled patients with suspect stable angina, with
the exclusion of those with a previous diagnosis of cardiac
disease, 17% males and 14% females showed evidence for
a widespread NobsCAD, defined as a presence of stenosis,
involving any coronary artery,32 between 1% and 49%.
A meta-analysis of clinical studies, using CCA or CCTA,

assessed the coronary tree of patients with chest pain. The
study reported an 18% prevalence of moderate obstructive
coronary disease in patients who underwent CCA and 35%
in those who underwent CCTA.33 Compared to patients
with obstructive coronary disease, patients with non-
obstructive disease are generally younger (median age 60
vs. 64 years), more frequently are female (41% vs. 28%),
and have a minor prevalence of comorbidities such as
arterial hypertension (60% vs. 78%), diabetes mellitus
(16% vs. 26%), and dyslipidaemia (61% vs. 81%).34

Atherosclerotic burden and coronary
stenosis

Coronary atherosclerosis is the main cause of both acute
and chronic ischaemic heart disease and its basic lesion is
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the atherosclerotic plaque, which could account for a vari-
ety of clinical syndromes.35–42 In the majority of subjects,
the disease can be documented already at the age of 20 al-
beit silent or sub-critical,43,44 it may affects the intimal
layer of the vessel wall in a variable manner and therefore
diffused and also at a local or even focal level. During its
natural history, the plaque could increase in size and
should it exceed the critical stenosis threshold, may cause
ischaemia limit the hyperaemic flow. The atherosclerosis
plaque can also become unstable and undergo an abrupt
atherothrombotic complication causing acute clinical
conditions (unstable angina, myocardial infarction, sudden
death). The atherosclerotic plaques are classified as
stable, vulnerable, and unstable. The stable plaque is ‘dor-
mant’, and slow-growing—it becomes symptomatic when
its volume causes a critical stenosis. The stenosis is gener-
ally fixed as the plaque represents a mechanical obstacle
to the blood flow without any functional contribution (va-
sospasm).35,41,42 It is important to remember that the
vulnerable plaques (i.e. those that are prone to complica-
tions), are generally non-obstructive (<75% stenosis) due
to a positive vessel wall remodelling or expansion (so they
can be appear as angiographically not severe), they are si-
lent and do not promote the development of a collateral
circulation. The severity of the stenosis is not a reliable
marker of risk of acute events.

Clinical implications of non-obstructive coronary
atherosclerosis
A growing series of evidence shows how an association
exists between the presence of coronary disease and the
risk, over time, of cardiovascular events. Also, it is now
well established that the severity of a stenosis is not neces-
sarily associated to a critical event which could occur over
time, namely ACS. In patients with angina, who underwent
both coronary angiography and CCTA, it has been shown
that the presence of a non-critical coronary disease
(stenosis<50%) is related to the same risk of infarction and
death as that of patients with one-vessel critical disease
(stenosis>70%).30,32,34,45

A large registry study on 37 674 patients with NobsCAD
but no obstructive disease in any of the three diseased ves-
sels, had a 3% annual risk of infarction, similar to the risk of
patients with one-vessel significant coronary disease.
Likewise, it was noted how the extension and the number
of vessels with NobsCAD was related to a progressive
increase of the MACE.6,33 In a meta-analysis of 32 studies,
including 41 960 patients who underwent CCTA, with a me-
dian follow-up of 2 years, the incidence of cardiac death or
myocardial infarction was 0.04% in the absence of coronary
artery disease, 1.29% in patients with NobsCAD, and 6.53%
in patients with obstructive coronary artery disease. This
latter group showed a much higher risk compared to those
without any coronary disease [odds ratio 6.41%, 95% confi-
dence interval (CI) 2.44–16.84].46 A recent meta-analysis
which included 1 395 190 patients, assessed the prevalence
and prognosis of NobsCAD patients (stenosis �50%), who
underwent coronary angiography or CCTA for established
or suspected coronary disease.33 The NobsCAD patients
were further divided in patients without coronary disease

(coronary stenosis between 0% and�20%) and in those with
moderate coronary disease (coronary stenosis between
�20% and �50%). The prevalence of patients with non-
obstructive coronary disease with stable angina was 67%
(95% CI 6.3–7.1%) while was 13% (95% CI 11–16%) in
ACS-NSTE patients. The incidence of MACE (cardiac death
and infarction) was lower in patients with moderate coro-
nary disease compared to those with obstructive coronary
disease (risk ratio 0.28, 95% CI 0.20–0.38), but higher com-
pared to those without, coronary artery disease (risk ratio
1.85, 95% CI 1.52–2.26).

The annual incidence of MACE of patients with stable an-
gina without coronary disease, with moderate or with se-
vere coronary artery disease was respectively 0.3% (95% CI
0.1–0.4%), 0.7% (95% CI 0.5–1.0%), and 2.7% (95% CI 1.7–
3.7%). In ACS-NSTE patients, the result was 1.2% (95%
CI 0.02–2.3%), 4.1% (95% CI 3.3–4.9%), and 17.0% (95% CI
8.4–25.7%). NobsCAD was therefore associated to a more
favourable prognosis compared to the obstructive disease,
but was not benign; hence, NobsCAD patients deserve a
specific risk stratification, to identify the best therapeutic
strategy.

Histopathological studies have shown how somemorpho-
logical characteristics represents factors linked to plaque
instability and therefore precursors of ACS. Investigations
performed using CCTA have demonstrated the possibility of
exploring in vivo the coronary plaque characteristics and
particularly some of the alterations which characterize the
vulnerable plaques, such as a large lipid core, the remodel-
ling of the vessel wall and plaque, the presence of ‘spotty’
calcification and the extension of the atherosclerotic
disease.47–50

In a recent study, 25 251 patients who underwent CCTA
were followed 3.46 2.1 years to evaluate the incidence of
new coronary events. Among those who developed an ACS,
only 34.6% had a >50% stenosis and only 12.50% had >70%.
The most interesting result was that among patients with
>50% stenosis and >70%, only 2.4% and 4.7%, respectively,
had an acute coronary event. In this study, the qualitative
characteristics of the plaques also demonstrated a relevant
predictive value.49 The opportunity to identify and charac-
terize qualitatively NobsCAD can therefore provide further
elements that can help to treat selectively those patients
at increased risk in order to avoid the development of
MACE over time.

From coronary vessel stenosis to the plaque
‘burden’
An accurate evaluation of the coronary atherosclerotic
lesions, regardless of the entity of the stenosis, represents
an important diagnostic target, because as previously
reported, the number and the extent of the atherosclerotic
lesions significantly influence the prognosis. Recent studies
indeed indicate that the atherosclerotic load, from a prog-
nostic point of view, is currently to be considered more rel-
evant, than the demonstration of inducible ischaemia.30,51

The prevalence and prognostic value of NobsCAD in-stable
angina and NSTE-ACS have been evaluated in the already
cited meta-analysis of Wang et al.33 which included over a
million patients. The results are summarized in Table 1.
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In the PROSPECTstudy, 697 ACS patients who underwent
CCA and IVUS after coronary angioplasty were followed for
a mean 3.4 years. The cumulative incidence of MACE (car-
diac death, cardiac arrest, myocardial infarction, or unsta-
ble angina re-hospitalization) was 20.4%. The new event
was related to the original culprit lesion in 12.9%, while it
was related to an original non-culprit lesion in 11.6% of
cases. The events related to ‘non-culprit’ lesions were
mainly attributed to mild degree stenosis detected during
CCA, vulnerable plaques, with a significant atherosclerotic
burden.52 Another registry, with over 20 000 symptomatic
patients, showed a risk of events strictly correlated to the
atherosclerotic burden.46 In the COURAGE Study, 60% of
the 2287 enrolled patients underwent functional tests of
ischaemic and angioplasty. At follow-up, 7.9 years later,
the number of diseased vessels was significantly associated
to a worse prognosis [hazard ratio (HR) 1.25, 95% CI 1.09–
1.43), while the demonstration of ischaemia did not
(HR 0.99, 95% CI 0.80–1.22).53

The prognostic role of coronary calcium (CAC) was evalu-
ated and compared to that of obstructive coronary artery
disease as shown by CCTA54 in the Western Denmark Heart
Registry on 23 759 symptomatic patients. The cardiovascu-
lar events observed at 4.3 years of follow-up were more
common in patients with obstructive CAD and higher CAC
score. However, when the stenosis was stratified by the
CAC score quintiles, the presence of the obstructive dis-
ease did no longer result linked to a higher risk of events
compared to those observed in patients with NobsCAD.
This study shows that atherosclerosis and its severity is the
major determinants of worse prognosis, while the simple
detection of an obstructive lesion per se does not offer rel-
evant prognostic information.54

Clinical significance of non-obstructive
coronary artery atherosclerosis

Several clinical entities share the presence of NobsCAD. It
can be found occasionally in totally asymptomatic subjects
during tests performed for screening of disease but also in
patients with evidence of myocardial ischaemia or myocar-
dial infarction. The clinical entity of NobsCAD and myocar-
dial ischaemia is known as INOCA (ischaemia with non-
obstructive coronary artery disease),55 while myocardial
infarction without obstructive coronary artery diseases as
MINOCA.56

The clinical and prognostic meaning of NobsCAD varies
according to the clinical context in which it is detected.
It has been demonstrated how the presence of NobsCAD,
although variable in the studies, appears frequently.5,32

The benign NobsCAD paradigm changed in 2015 when
Park et al.57 demonstrated that 17% of patients with a
coronary stenosis <50% presented an inducible ischaemia.
The database of the American College of Cardiology-
National Cardiovascular Data Registry and of the WISE
(Women’s Ischaemic Syndrome Evaluation) of the National
Heart, Lung and Blood Institute reports that 3–4 million
women and men with symptoms suggestive for myocardial
ischaemia do not have a significant coronary artery
disease.58,59

The global clinic and economic impact of NobsCAd are
not very different to that of obstructive coronary artery
disease. This is due to the similarity of clinical symptoms,
hospitalizations, and need of diagnostic evaluation includ-
ing CCA for the two entities.58–60 The results of a recent
meta-analysis conducted by Radico et al.61 are in line with
the aforementioned observations. This meta-analysis in
fact not only confirms the higher risk of adverse events as-
sociated to the identification of NobsCAD during CCTA in
symptomatic angina patients and also highlights the addi-
tional risk of patients who present inducible ischemia docu-
mented by the results of the provocative tests of
ischaemia. Furthermore, analysing the studies for which
data relating to the hospitalizations during the follow-up
(24 out of 54 in total) was available, it was noted how
NobsCAD patients had a higher incidence of hospitaliza-
tions, of relapse of angina, and of repeated coronary
angiographies, with a clear evidence for a worsened quality
of life.61

The available data as a whole not only confirm the far
from benign outcome of patients with NobsCAD but how
their prognosis is also influenced by the clinical context in
which atherosclerosis is detected (effort induced angina
vs. ACS-NSTE; presence or absence of inducible ischaemia).
In the evaluation of the clinical impact of NobsCAD, it is
necessary to consider not only the prognostic impact in
terms of major clinical events but also in terms of symp-
toms and quality of life. The CIAO-ISCHEMIA study,62 a sub-
project of the ISCHEMIA Trial evaluated 221 patients ex-
cluded from the main investigation because of NobsCAD at
enrolment. They had nonetheless the demonstration of
myocardial ischaemia at a functional test of ischaemia.
Their outcome was compared to that of the 1079 patients
of themain study. The patients of both groups did not differ
in terms of ischaemic severity but it is interesting to note
how women were more represented in the CIAO-ISCHEMIA
(66%) in comparison to the main study (26%). With respect
to the patients of the ISCHEMIA the CIAO-ISCHEMIA patients
experienced angina more frequently and more severe
symptoms (17% vs. 4%).

How to navigate among guidelines,
recommendations, and therapeutic
strategies. The challenge of the everyday
practice

Clinical trials
In the absence of controlled randomized trials, it is not
always clear, which are the therapeutic choices for
patients with a coronary tree void of significant stenosis. In
the MINOCA, the aggressive measures of secondary preven-
tion should be applied only in case of NobsCad. In the
SWEDEHEART Registry significant beneficial effects were
observed on MACE by using statins (HR 0.77, 95% CI 0.68–
0.87) and ACE-inhibitors/angiotensin II receptor blockers
(HR 0.82, 95% CI 0.73–0.93), basically positive for beta-
blockers (HR 0.86, 95% CI 0.74–1.01), while the dual anti-
platelet therapy (DAPT) had a neutral effect (HR 0.90, 95%
CI 0.74–1.01).63 However, the registry did not differentiate
patients with NobsCad from those with coronary arteries
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free from lesions. In a study with 13 104 patients who
underwent CCA, the lack of use of renin–angiotensin–sys-
tem inhibitors (RAASi) (HR 2.63; P¼ 0.033) and of statins
(HR 2.17; P¼ 0.039) was a significant predictor of total
mortality64 in those with a diagnosis of MINOCA.

Besides the ACS clinical framework, the NobsCAD ther-
apy without evidence of inducible ischaemia appears quite
controversial, and it is uncertain whether to treat these
patients as high-risk cardiovascular patients. A specific risk
stratification is therefore deemed necessary to identify a
‘personalized’ prevention. Through CCTA the plaque char-
acteristics identify high-risk patients. A risk prediction
model of the MACE has been developed (age, gender,
hypertension, diabetes, anaemia, C-reactive protein, and
the entity of the atherosclerotic burden): patients with
the highest score received a significant benefit from statin
therapy (HR 0.62; P¼ 0.033) while in those with a lower
score, aspirinwas associatedwith a higher risk of cardiovas-
cular events (HR 2.57; P¼ 0.004).65 In NobsCAD patients,
cardiac rehabilitation improves, the ability to exercise, the
quality of life, symptoms, andmyocardial perfusion.66

By using IVUS and during an aggressive statin therapy a
continuous inverse relationship has been observed be-
tween the volume of atheroma and the LDL cholesterol lev-
els; similar results have been reported by using PCSK9
inhibitors.67 In the CONFIRM study (Coronary CT
Angiography EvaluatioN For Clinical Outcomes: an
International Multicenter Registry), statins demonstrated
to reduce mortality in NobsCAD patients (HR 0.32;
P< 0.001).68 In the same study, an increase in mortality or
MACE with the increase of CAC or of the atherosclerotic
burden was not noted69 in patients on basal statin therapy.
In 8372 NobsCAD patients documented by CCTA, and
who received a statin therapy regardless of the other
parameters, there was a 60% reduction in the mortality
rate (HR 0.397; P< 0.0001) and 57% in MACE incidence
(HR 0.43; P< 0.0001).63

RAASi significantly reduce MACE and mortality. In the
Korean AMI registry, the MACE incidence resulted the
same in the MINOCA patients treated with ACE-inhibitors or
angiotensin II receptor blockers (10.4% vs. 15.6%, HR 0.65;
P¼ 0.301), but the incidence of re-infarction was inferior
among those treated with ACE-inhibitors (2.1% vs. 10.4%,
HR 0.18; P¼ 0.031).70

In the CONFIRM Study, aspirin did not show any signifi-
cant effect on mortality,68 while in another study it re-
duced the total mortality rate but only in high-risk
patients, without any significant reduction of MACE (0.841;
P¼ 0.1577).71 In the SWEDEHEART Registry, the use of
DAPT did not confer any benefit.63

In the real world, it has been reported63 that NobsCAD
patients have a low probability of receiving secondary
prevention therapy at discharge.

Controlled randomized studies are currently ongoing ex-
ploring the incidence of MACE in NobsCAD patients treated
with RAASi and beta-blockers (MINOCA BAT NCT03686696),
or statins and RAASi (Warrior, NCT03417388).

The guidelines
The International guidelines do not provide specific
recommendations about the follow-up of patients in

whom a NobsCAD had been identified.13,14,19,56 The
recommendations are quite scarce even in regard to the
therapeutic choices.

A pharmacological therapy with aspirin, statin, ACE-
inhibitors, angiotensin, and calcium antagonist receptor
inhibitors (in case of suspected vasospasm) is suggested as
a routine in non-ST-segment elevation myocardial infarc-
tion MINOCA13 (CI recommendation). The ESC guidelines
suggest to apply to this condition the same treatments rec-
ommended for the secondary prevention of other athero-
sclerotic acute events; however, this recommendation is
not supported by solid evidence (IIb C recommendation).
The ESC Guidelines for the management of ST-segment ele-
vation myocardial infarction do not provide any specific
recommendation for these patients.5

An ESC position paper suggests that the DAPT could be
taken into consideration in MINOCA patients, based
on pathophysiological considerations, but the evidence is
scarce.12 The European Guidelines on chronic coronary syn-
dromes28 do not provide any specific recommendations.
There are some recommendations about the management
of clinical symptoms or demonstration of myocardial is-
chaemia, both of which can occur even in the absence of
NobsCAD.

Finally, the guidelines on cardiovascular prevention
identify as high risk only patients with significant coronary
plaques.8

The operative approach
The diagnostic and therapeutic approach to NobsCAD
patients is quite complex due to the multifaceted anatomi-
cal and functional alterations responsible for the different
associated clinical conditions. The therapeutic choices
should be personalized although there is no clear evidence
of efficacy for many suggested measures due to the lack of
specific randomized studies in such an heterogeneous pop-
ulation (Figure 3).

From the operative point of view, it is essential to distin-
guish the symptomatic forms (both in the MINOCA and in
the angina pectoris framework) from the asymptomatic
ones.

In the first case, as reported in the Consensus
Document of the European Association of Percutaneous
Cardiovascular Interventions (EAPCI),72 the different
causes of ischaemia require diversified diagnostic goals
and personalized therapies. Coronary angiography and cor-
onary computerized tomography are not sufficient to iden-
tify the cause of ischaemia. The functional tests exploring
the vascular reactivity (i.e. adenosine test for the detec-
tion of microvascular dysfunction and acetylcholine test
for the diagnosis of vasospastic angina) become very use-
ful.28–72

It has also been suggested to use RAASi73 in patients with
MINOCA and platelet aggregation inhibitors, especially
in those patients in whom the intravascular imaging techni-
ques show a rupture/erosion of the plaque.74

Even more controversial is the treatment of NobsCAD in
asymptomatic patients. It may be particularly difficult to
start a secondary prevention pharmacological therapy in
such patients in the absence of strong recommendations.
However, it is important to distinguish NobsCAD from the
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absence of CAD. It is, therefore, essential in NobsCAD
patients to implement the recommended healthy life-style
measures (suitable diet, physical activity, stop smoking,
stress–control) and start a personalized drug regimen when
other risk factors are detected (hypertension, diabetes,
dyslipidaemia).

Conclusions

The available data from literature indicate how the total
atherosclerotic burden and a number of morphological
characteristics of the coronary artery plaques have an im-
portant prognostic value. The presence and extension of
the atherosclerotic disease constitutes a prognostic
element independent from ischaemia and in some cases
even superior to the ischaemia itself. NobsCAD represents
a disease marker, and can, if its presence and severity are
described, constitute a useful prognostic information that
may help to promote a pharmacological intervention.

NobsCAD is a common finding both as an isolated finding
and in association with obstructive stenosis. Its definition
differs in the published studies. Sometimes incorporated in
the broader definition of non-obstructive disease are in-
cluded the absence of disease or diseased vessels with
<50–70% stenosis. The opportunity of recognizing NobsCAD
depends on the accuracy of the coronary anatomy evalua-
tion after a morphological exam and also and especially, by
the technique used. Commonly and more easily identified
when CCT and IVUS are used, less precisely detected with
conventional angiography. The clinical meaning of
NobsCAD is linked to both its possible importance in the
coronary circulation, and to that as a precursor of obstruc-
tive/complicated lesions able to determine symptoms or

coronary events. Finally, NobsCAD by highlighting the pres-
ence of a vascular disease is entitled to be qualified as a
vascular disease and become a cardiovascular risk modifier.
The non-obstructive coronary disease is associated to a
more favourable prognosis than that of an obstructive dis-
ease but it is definitely worse to that of subjects without
any sign of coronary artery disease. The high prevalence
for this condition warrants a specific risk stratification to
establish the best therapeutic strategy in these patients
whose prognosis is influenced by the clinical context
as well as by the plaque burden. For this reason, the risk
stratification in NobsCAD patients must be based on
the presence of traditional risk factors but also on the
possible presence of angina and/or inducible ischaemia,
and the integration of these elements with the plaque
characteristics.
The presence of NobsCAD identifies patients at risk of

cardiovascular events and there is evidence that indicates
the possibility to obtain prognostic benefits by intervening
with a suitable pharmacological therapy. The existing
guidelines that aim at treating ischaemic events based on
atherosclerosis provide clear guidance should NobsCAD be
correlated to MINOCA.When NobsCAD is found occasionally
or in patients with angina the therapeutic choices are less
obvious.
The guidelines on cardiovascular prevention identify

as high-risk patients those who show a clinically relevant
atherosclerotic disease not equivocal at imaging. Included
in this definition are a peripheral arterial disease, an
important coronary disease (>50% stenosis of at least two
epicardial vessels at CCTA) or carotid plaques. CAC is also
included in the guidelines as a risk modifier. Instead, no
mention exists for the presence of NobsCAD. It is difficult

Figure 3 Summary of recommendations guided by the presence or absence of signs of coronary atherosclerosis. When there is no coronary atherosclero-
sis (a) the therapeutic choices are guided by the global cardiovascular risk of the patient. When atherosclerosis is detected the choice of treatment
should be directed to halt the progression of disease and prevent acute events either for non-obstructive (b) or obstructive (c) disease. If only a NobsCAD
is found (b) a preventive therapy should be started and personalized based upon both the clinical presentation and the severity of the atherosclerotic
burden. When an obstructive disease is found (c) patients should receive a similar therapeutic approach to those with NobsCAD and eventually undergo a
percutaneous interventional therapy if indicated.
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to understand why in spite of the huge demonstration of its
negative prognostic weight NobsCAD has not yet received
until now any specific attention.

In a hypothetic treatment scheme, assuming NobsCAD is
a sign of coronary artery disease, it is necessary to consider
three aspects: (i) the risk linked to the clinical condition
(to one end ACS-NSTE, to the other end no clinical manifes-
tation); (ii) the cardiovascular risk calculated on the
basis of the presence of risk factors and on the use of the
SCORE cards; (iii) presence and severity of NobsCAD (‘ath-
erosclerotic burden’).

A NobsCAD with only one lesion on a single vessel, with-
out other risk factors is clearly very different to a NobsCAD
with multiple risk factors possibly documented in the
occasion of an ACS-NSTE.

In conclusion, the ANMCO Position Paper supports the
following recommendations:

a. emphasize the fundamental importance of an
accurate description of NobsCAD if present, when
performing, for any reason, a morphological exami-
nation of the coronary arteries;

b. consider the clinical context in which NobsCAD has
been documented (i.e. ACS vs. non-ACS);

c. underline the need of considering NobsCAD in the
context of the patient’s individual cardiovascular
risk;

d. treat the patient with NobsCAD in accordance with
the existing guidelines (pending data from the ran-
domized ad-hoc studies) and consider NobsCAD as
an additional cardiovascular risk factor, taking into
consideration its burden and therefore its physio-
pathological meaning; and

e. never confuse NobsCAD with the absence of coronary
artery disease.
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Cooney MT, Corrà U, Cosyns B, Deaton C, Graham I, Hall MS, Hobbs
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DL, Dendale P, Dorobantu M, Edvardsen T, Folliguet T, Gale CP,
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Consulta delle Società Cardiologiche (CSC) ANMCOATBV- AICPR-GIEC-
ITAHFA-SICOA-SICPSIT. G Ital Cardiol 2019;20:439–468.

17. Abdu FA, Mohammed AQ, Liu L, Xu Y, Che W. Myocardial infarction
with nonobstructive coronary arteries (MINOCA): a review of the cur-
rent position. Cardiology 2020;145:543–552.

18. Nissen SE, Gurley JC, Grines CL, Booth DC, McClure R, Berk M,
Fischer C, DeMaria AN. Intravascular ultrasound assessment of lumen
size and wall morphology in normal subjects and patients with coro-
nary artery disease. Circulation 1991;84:1087–1099.

19. Alasnag M, Jelani Q, Johnson TW, Parapid B, Balghaith M, Al-Shaibi
K. The role of imaging for MINOCA (Myocardial Infarction with No
Obstructive Coronary Artery Disease): a review of literature and cur-
rent perspectives. Curr Cardiovasc Imaging Rep 2020;13:21.

20. Marano R, De Cobelli F, Floriani I, Becker C, Herzog C, Centonze M,
Morana G, Gualdi GF, Ligabue G, Pontone G, Catalano C, Chiappino
D, Midiri M, Simonetti G, Marchisio F, Olivetti L, Fattori R, Bonomo L,
Del Maschio A; NIMISCAD Study Group. Italian multicenter, prospec-
tive study to evaluate the negative predictive value of 16- and 64-
slice MDCT imaging in patients scheduled for coronary angiography
(NIMISCAD-Non Invasive Multicenter Italian Study for Coronary Artery
Disease). Eur Radiol 2009;19:1114–1123.

21. Fischer C, Hulten E, Belur P, Smith R, Voros S, Villines TC. Coronary
CT angiography versus intravascular ultrasound for estimation of cor-
onary stenosis and atherosclerotic plaque burden: a meta- analysis.
J Cardiovasc Comput Tomogr 2013;7:256–266.

22. Voros S, Rinehart S, Qian Z, Joshi P, Vazquez G, Fischer C, Belur P,
Hulten E, Villines TC. Coronary atherosclerosis imaging by coronary
CT angiography: current status, correlation with intravascular interro-
gation and meta-analysis. JACC Cardiovasc Imaging 2011;4:537–548.

23. Shaw LJ, Blankstein R, Bax JJ, Ferencik M, Bittencourt MS, Min JK,
Berman DS, Leipsic J, Villines TC, Dey D, Al’Aref S, Williams MC, Lin
F, Baskaran L, Litt H, Litmanovich D, Cury R, Gianni U, van den
Hoogen I, R van Rosendael A, Budoff M, Chang H-J, E Hecht H,
Feuchtner G, Ahmadi A, Ghoshajra BB, Newby D, Chandrashekhar
YS, Narula J. Society of Cardiovascular Computed Tomography/North
American Society of Cardiovascular Imaging – expert consensus docu-
ment on coronary CT imaging of atherosclerotic plaque. J Cardiovasc
Comput Tomogr 2021;15:93–109.

24. Papadopoulou S-L, Neefjes LA, Schaap M, Li H-L, Capuano E, van der
Giessen AG, Schuurbiers JCH, Gijsen FJH, Dharampal AS, Nieman K,
van Geuns RJ, Mollet NR, de Feyter PJ. Detection and quantification
of coronary atherosclerotic plaque by 64-slice multidetector CT: a
systematic head-to-head comparison with intravascular ultrasound.
Atherosclerosis 2011;219:163–170.

25. Maroules CD, Hamilton-Craig C, Branch K, Lee J, Cury RC,
Maurovich-Horvat P, Rubinshtein R, Thomas D, Williams M, Guo Y,
Cury RC. Coronary artery disease reporting and data system (CAD-
RADSTM): inter-observer agreement for assessment categories and
modifiers. J Cardiovasc Comput Tomogr 2018;12:125–130.

26. Cademartiri F, Maffei E, Arcadi T, Catalano O, Midiri M. CT coronary
angiography at an ultra-low radiation dose (<0.1 mSv): feasible and
viable in times of constraint on healthcare costs. Eur Radiol 2013;
23:607–613.

27. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C, Prescott E, Storey RF, Deaton C, Cuisset T, Agewall S,
Dickstein K, Edvardsen T, Escaned J, Gersh BJ, Svitil P, Gilard M,
Hasdai D, Hatala R, Mahfoud F, Masip J, Muneretto C, Valgimigli M,
Achenbach S, Bax JJ; ESC Scientific Document Group. 2019 ESC
Guidelines for the diagnosis and management of chronic coronary
syndromes. Eur Heart J 2020;41:407–477.

28. Reynolds HR, Srichai MB, Iqbal SN, Slater JN, Mancini GBJ, Feit F,
Pena-Sing I, Axel L, Attubato MJ, Yatskar L, Kalhorn RT, Wood DA,
Lobach IV, Hochman JS. Mechanisms of myocardial infarction in
women without angiographically obstructive coronary artery dis-
ease. Circulation 2011;124:1414–1425.

29. Iqbal SN, Feit F, Mancini GBJ, Wood D, Patel R, Pena-Sing I, Attubato
M, Yatskar L, Slater JN, Hochman JS, Reynolds HR. Characteristics of
plaque disruption by intravascular ultrasound in women presenting
with myocardial infarction without obstructive coronary artery dis-
ease. Am Heart J 2014;167:715–722.

30. Maddox TM, Stanislawski MA, Grunwald GK, Bradley SM, Ho PM, Tsai
TT, Patel MR, Sandhu A, Valle J, Magid DJ, Leon B, Bhatt DL, Fihn SD,
Rumsfeld JS. Nonobstructive coronary artery disease and risk of myo-
cardial infarction. JAMA 2014;312:1754–1763.

31. Patel MR, Dai D, Hernandez AF, Douglas PS, Messenger J, Garratt KN,
Maddox TM, Peterson ED, Roe MT. Prevalence and predictors of non-
obstructive coronary artery disease identified with coronary angiog-
raphy in contemporary clinical practice. Am Heart J 2014;167:
846–852.e2.

32. Jespersen L, Hvelplund A, Abildstrom SZ, Pedersen F, Galatius S,
Madsen JK, Jorgensen E, Kelbaek H, Prescott E. Stable angina pecto-
ris with no obstructive coronary artery disease is associated with in-
creased risks of major adverse cardiovascular events. Eur Heart J
2012;33:734–744.

33. Wang ZJ, Zhang LL, Elmariah S, Han HY, Zhou YJ. Prevalence and
prognosis of nonobstructive coronary artery disease in patients un-
dergoing coronary angiography or coronary computed tomography
angiography: a meta-analysis. Mayo Clin Proc 2017;92:329–346.

34. Bittencourt MS, Hulten E, Ghoshhajra B, O’Leary D, Christman MP,
Montana P, Truong QA, Steigner M, Murthy VL, Rybicki FJ, Nasir K,
Gowdak LHW, Hainer J, Brady TJ, Di Carli MF, Hoffmann U, Abbara S,
Blankstein R. Prognostic value of nonobstructive and obstructive cor-
onary artery disease detected by coronary computed tomography
angiography to identify cardiovascular events. Circ Cardiovasc
Imaging 2014;7:282–291.

35. Falk E. Plaque rupture with severe pre-existing stenosis precipitating
coronary thrombosis: characteristics of coronary atherosclerotic pla-
ques. Br Heart J 1983;50:127–134.

36. Davies MJ, Thomas AC. Plaque fissuring – the cause of acute myocar-
dial infarction, sudden ischemic death, and crescendo angina. Br
Heart J 1985;53:363–373.

37. Gorlin R, Fuster V, Ambrose IA. Anatomic-physiologic links between
acute coronary syndromes. Circulation 1986;74:6–9.

38. Kragel A, Gertz SD, Roberts WC. Morphologic comparison of
frequency and type of acute plaques in the major epicardial coro-
nary arteries in unstable angina pectoris, sudden coronary death
and acute myocardial infarction. J Am Coll Cardiol 1991;18:
801–808.

39. Schroeder AP, Falk E. Vulnerable and dangerous coronary plaques.
Atherosclerosis 1995;118:S141–S149.

40. Davies MJ. Stability and instability: two faces of coronary athero-
sclerosis. The Paul Dudley White Lecture 1995. Circulation 1996;94:
2013–2020.

41. Davies MJ. The pathophysiology of acute coronary syndromes. Heart
2000;83:361–366.

42. Falk E, Nakano M, Bentzon JF, Finn AV, Virmani R. Update on acute
coronary syndromes: the pathologists’ view. Eur Heart J 2013;34:
719–728.

Subclinical coronary atherosclerosis: prognosis and therapy C173



43. Angelini A, Thiene G, Frescura C, Baroldi G. Coronary arterial wall
and atherosclerosis in youth (1-20 years): a histologic study in a
northern Italian population. Int J Cardiol 1990;28:361–370.

44. Nakashima Y, Wight TN, Sueishi K. Early atherosclerosis in humans:
role of diffuse intimal thickening and extracellular matrix proteogly-
cans. Cardiovasc Res 2008;79:14–23.
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