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Abstract
Coronary artery disease (CAD) continues to be the leading cause of mortality and morbidity in developed countries. Assess-
ment of pre-test probability (PTP) based on patient’s characteristics, gender and symptoms, help to identify more accu-
rate patient's clinical likelihood of coronary artery disease. Consequently, non-invasive imaging tests are performed more 
appropriately to rule in or rule out CAD rather than invasive coronary angiography (ICA). Coronary computed tomography 
angiography (CCTA) is the first-line non-invasive imaging technique in patients with suspected CAD and could be used to 
plan and guide coronary intervention. Invasive coronary angiography remains the gold-standard method for the identifica-
tion and characterization of coronary artery stenosis. However, it is recommended in patients where the imaging tests are 
non-conclusive, and the clinical likelihood is very high, remembering that in clinical practice, approximately 30 to 70% of 
patients with symptoms and/or signs of ischemia, referred to coronary angiography, have non obstructive coronary artery 
disease (INOCA). In this contest, physiology and imaging-guided revascularization represent the cornerstone of contemporary 
management of chronic coronary syndromes (CCS) patients allowing us to focus specifically on ischemia-inducing stenoses. 
Finally, we also discuss contemporary medical therapeutic approach for secondary prevention. The aim of this review is to 
provide an updated diagnostic and therapeutic approach for the management of patients with stable coronary artery disease.

Keywords Coronary artery disease · Angina · Fractional flow reserve · Percutaneous coronary intervention · Chronic 
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1 Introduction

Coronary artery disease (CAD) continues to be the leading 
cause of mortality and morbidity in developed countries. 
This review aims to describe diagnostic pathways of stable 
CAD including non-invasive assessments with modern esti-
mates of pre-test probability (PTP), contemporary indication 

for invasive coronary angiography (ICA) and revasculari-
zation, suggestions for the implementation of guidelines-
directed medical therapy.

2  Non‑Invasive Assessment

2.1  Patients Selection: Pre‑Test Probability (PTP) 
and Clinical Likelihood

Assessment of the pre-test probability (PTP) is a fun-
damental step to safely and effectively refer patients to 
the appropriate non-invasive and invasive diagnostic 
pathway [1]. The latest European Society of Cardiology 
(ESC) guidelines on Chronic Coronary Syndromes (CCS) 
proposed to integrate the PTP with a wider concept of 
"clinical likelihood of CAD", considering that multiple 
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cardiovascular risk factors can act as risk modifiers of the 
PTP estimate [2]. Specifically, in patients with suspected 
CAD, the new risk stratification allows reducing the need 
for non-invasive and invasive tests if the PTP is <5%, 
while for patients with an ‘intermediate’ probability of 
CAD (PTP ranges from 5 to 15%) Guidelines suggest that 
patients should undergo further non-invasive evaluation 
[3]. In addition, patients should not be directly referred to 
invasive assessment unless clinical or non-invasive testing 
indicate a high likelihood of obstructive CAD [4].

2.2  Coronary Computed Tomography Angiography 
(CCTA)

In the last decades, coronary computed tomography angi-
ography (CCTA) has emerged as a non-invasive alternative 
for the assessment of epicardial coronary artery disease. 
The current new generation CT scanners enable improved 
image quality with reduced contrast volume and radiation 
dosage [5]. The PROMISE trial demonstrated the incre-
mental value of coronary CTA in patients with suspected 
CAD and highlighted the potential of CCTA to reduce the 
number of unnecessary invasive coronary angiographies 
(ICA) [6]. The SCOT-HEART showed that at a median 
follow-up of 5 years, CCTA, in addition to standard care 
in patients with stable chest pain, was associated with a 
significant reduction in cardiovascular death and non-fatal 
myocardial infarction than standard care alone, without 
resulting in a significantly higher rate of ICA or coronary 
revascularization [7]. Based on these and previous evi-
dence, the recent recommendations on managing patients 
with chronic coronary syndrome proposed CCTA as a 
first-line diagnostic tool for people in whom stable angina 
cannot be excluded by clinical assessment alone [2].

Furthermore, beyond the anatomic evaluation, meth-
ods derived by CCTA that allow for the assessment of the 
functional significance of CAD have been introduced in 
the clinical field. Stress myocardial computed tomogra-
phy perfusion (CTP) demonstrated similar performance 
to nuclear imaging and showed an additional diagnostic 
value to CCTA alone as compared to invasive fractional 
flow reserve (FFR) [8].

Fractional flow reserve derived from coronary CTA 
(FFRCT) technology is based on the application of com-
putational fluid dynamics to 3D geometries extracted from 
coronary CTA data [9]. The FFRCT expanded the appli-
cation of coronary CTA to include the functional compo-
nent of epicardial coronary stenosis. Moreover, FFRCT 
showed good accuracy vs invasive FFR and an excellent 
cost-effectiveness leading to reduced number of ICA [10].

2.3  Non‑Invasive Functional Evaluation

Non-invasive functional tests may be preferred in patients 
with intermediate-to-high PTP and clinical likelihood of 
obstructive CAD, in those with known CAD, and in those 
who are likely to undergo revascularization. Moreover, they 
are recommended when CCTA has provided uncertain or 
inclusive diagnostic information [2].

2.3.1  Rest and Stress Echocardiography

The 2D standard echocardiography allows the assessment of 
the left ventricular ejection fraction (LVEF) and the estima-
tion of the regional myocardial contractility. LVEF is often 
normal in patients with CCS. A decreased LV function and/
or regional wall motion abnormalities might be suspected 
of CAD, mostly if the LV hypo-akinetic pattern follows the 
coronary arteries distribution territory [11].

Recent studies showed that the 2D speckle tracking echo-
cardiography (2D-STE) could significantly improve the 
detection of regional wall motion abnormalities in patients 
with apparently normal LV function, identifying high-risk 
patients [12]. Some studies demonstrated a high prognos-
tic value of 2D-STE in patients with known or suspected 
CAD [13]. Diastolic dysfunction and decreased left atrial 
strain have been reported to be an early sign of myocardial 
ischemia and could be indicative of microvascular dysfunc-
tion [14–16].

As pointed out above, in patients with moderate-to-high 
PTP for CAD, functional non-invasive tests are generally 
needed to evaluate the presence and the possible functional 
impact of CAD. In this setting, stress echocardiography (SE) 
could detect wall motion abnormalities, induced by exercise 
or pharmacological stressors, with sensitivity and specificity 
ranging between 72–85% and 77–95% [2, 17]. However, the 
presence of poor image quality and the low inter-observer 
reproducibility affects the diagnostic accuracy of this tool. In 
this setting, the contrast echocardiography can significantly 
improve diagnostic accuracy and SE daily use in clinical 
practice. Importantly, beyond the wall motion abnormali-
ties, SE might assess coronary flow reserve (CFR), which 
may add further prognostic power. In a large prospective 
observational study of dipyridamole SE, including patients 
with known or suspected CAD, CFR on the left anterior 
descending artery was a strong and independent indicator of 
mortality, conferring additional prognostic value over wall 
motion analysis [18].

Echocardiography is also an important clinical tool for 
the exclusion of non-ischemic cardiac causes of chest pain 
(valvular heart diseases, pericarditis, and heart failure), con-
ditions that can coexist with obstructive CAD.
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2.3.2  SPECT and CMR

Functional imaging tests also include myocardial perfusion 
scintigraphy by single-photon emission computed tomog-
raphy (SPECT) or positron emission tomography (PET) 
and stress cardiac magnetic resonance (CMR). The main 
strengths of functional tests are the high accuracy in the 
detection of obstructive CAD [19] and location of ischemia, 
and a remarkable efficiency for risk-stratification of patients 
with CAD [20].

3  Invasive Assessment

3.1  Invasive Coronary Angiography (ICA)

Invasive coronary angiography is considered the gold-stand-
ard method for identification and characterization of coro-
nary artery stenosis. Yet, ICA is limited by the evaluation 
of a 3D vascular structure as a two-dimensional imaging, 
and by the inability to accurately identify the hemodynamic 
significance of the intermediate coronary stenosis [21]. The 
invasive physiologic assessment has the aim to overcome 
these limitations, assessing the ischemic impact of the coro-
nary stenoses [22].

3.2  Physiology Guidance of Revascularization

The purpose of revascularization in CCS patients is the 
improvement of angina symptoms, reducing the use of 
antianginal drugs, and possibly the improvement of prog-
nosis, by reducing the risk of MACE and increasing exercise 
capacity and quality of life [2]. By specifically targeting the 
ischemia-inducing stenoses, physiology-guided revasculari-
zation represents the cornerstone of contemporary manage-
ment of CCS patients.

3.2.1  FFR‑Guided PCI

The best validated index to assess the hemodynamic signifi-
cance of a coronary stenosis is the Fractional Flow Reserve 
(FFR) [22, 23]. Several RCTs evaluated the use of FFR for 
the functional assessment of lesion severity and guide revas-
cularization. The DEFER trial demonstrated the safety and 
efficacy (15 years of follow-up) of deferral PCI in stenosis 
with FFR > 0.75 [24]. It has demonstrated that FFR-based 
assessment at the time of diagnostic coronary angiography 
in patients with CCS modifies the revascularization strat-
egy from medical therapy to revascularization with PCI or 
CABG in > 40% of patients [25]. In patients with multi-
vessel coronary artery disease undergoing PCI, the FAME 
trial showed that an FFR guided PCI was associated with a 
reduction in the composite endpoint of death, MI and repeat 

revascularization at 24 months compared to angiography-
guided PCI alone and a reduction in resource used [26, 27]. 
In CCS patients, the FAME II trial demonstrated that in 
lesions with an FFR < 0.80, FFR-guided PCI with medi-
cal therapy was associated with a three-fold decrease in the 
cumulative incidence of death, MI and urgent revasculariza-
tion compared to optimal medical therapy alone [28]. The 
3- and 5-years follow-up of the FAME II trials confirmed the 
advantages of FFR-guided PCI plus OMT vs OMT alone in 
terms of significantly lower rate of urgent revascularization, 
MI, and death [29, 30].

Since FFR evaluation requires maximal and stable hyper-
emia, non-hyperemic pressure ratio indexes (NHPR) have 
been recently introduced to overcome the need for adeno-
sine. The instantaneous wave-free ratio (iFR), a resting index 
of functional stenosis severity, has been demonstrated to be 
non-inferior to FFR in guiding PCI in the two largest RCTs, 
the DEFINE-FLAIR and the iFR SWEDEHEART, high-
lighting comparable rates of MACE at 1-year follow-up[31, 
32] (Table 1). Nevertheless, compared to FFR, iFR lacks 
long-term follow-up data.

3.2.2  FFR‑Guided CABG

Traditionally, Coronary Artery Bypass Grafting (CABG) has 
been performed according to visual estimation of stenosis 
severity through ICA. The role of FFR-Guided CABG is still 
under evaluation. Clinical studies and retrospective registries 
showed that in patients undergoing CABG, a preoperative 
FFR-guided strategy is associated with a lower number of 
graft anastomoses and a higher graft patency rate compared 
to an ICA-guided approach [33, 34]. After 6 years of follow-
up, FFR-guided CABG is associated with a lower rate of 
overall death and MI [35]. These results obtained in obser-
vational registries were not confirmed in the two available 
RCTs, FARGO and GRAFFITI, most likely as consequence 
of the small sample size and short follow-up available [36, 
37]. Finally, The IMPAG prospective registry demonstrated 
a high patency rate (97%) for grafts placed on coronary 
arteries with FFR less than 0.78 [38].

3.2.3  Pullback Pressure Gradient (PPG)

The hyperemic Pullback Pressure Gradient (PPG) index was 
developed to quantifies the spatial distribution of epicardial 
resistances and discriminates between focal and diffuse epi-
cardial atherosclerosis (Fig. 1) [39, 40]. The higher the PPG 
index, the more focal the CAD, the lower the PPG index, the 
more diffuse CAD [41]. This novel index could help clinical 
decision making about revascularization strategy, since dif-
fuse CAD are often management with OMT or referred to 
CABG, whereas focal lesions are treated by PCI.
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Table 1  RCTs using Physiological Assessment

FFR fractional flow reserve, iFR instantaneous wave-free ratio, OMT optimal medical therapy, MI myocardial infarction, PCI percutaneous coro-
nary intervention, PE primary endpoint.

Study name Year of 
publica-
tion

Study design Num-
ber of 
patients

Groups Primary endpoint Conclusions

DEFER 2015 RCT 325 Deferral with FFR>0.75 
vs. performed PCI with 
FFR<0.75

MI Safety and Efficacy of 
deferral PCI in stenosis 
with FFR>0.75

FAME 2009 RCT 1005 FFR-guided vs. angiogra-
phy-guided PCI

Composite of death, MI  
or revascularization

FFR-guided PCI (FFR cut 
off<0.80) was associated 
with a reduction in PE 
compared to angiogra-
phy-guided PCI

FAME II 2015 RCT 888 FFR-guided PCI + OMT 
vs OMT alone

Composite of death, MI, 
revascularization

FFR-guided PCI was 
associated with a lower 
occurrence of PE (13.9% 
vs 27 %; p<0.001)

DEFINE-FLAIR 2017 RCT 2492 FFR-guided vs. iFR-
guided PCI

Composite of death, MI, 
revascularization

iFR-guided PCI is non-
inferior to FFR-guided 
PCI (10.5% vs. 11.8%; 
p0.25)

iFR SWEDEHEART 2017 RCT 2037 FFR-guided vs. iFR-
guided PCI

Composite of death, MI, 
revascularization

iFR-guided PCI is non-
inferior to FFR-guided 
PCI (8.4% vs. 8.7%; 
p0.93)

Fig. 1  Physiology guided discrimination of focal CAD. a Focal lesion 
in the proximal right coronary artery, with FFR 0.67 and a Pullback 
curve with a focal drop. PPG of 0.87; b combined lesion in the left 
descending artery (LAD) with FFR 0.79 and a Pullback curve show-

ing diffuse disease with a proximal focal drop. PPG of 0.56; c dif-
fuse coronary artery disease in an LAD with FFR 0.78 and a pullback 
curve without focal drops. PPG of 0.34. FFR fractional flow reserve, 
PPG pullback pressure gradient.
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3.3  Invasive Imaging Guided Revascularization

Intravascular (IV) Imaging has significantly improved the 
PCI techniques and stent implantation [42]. The most used 
IV tools are optical coherence tomography (OCT) and intra-
vascular ultrasound (IVUS). OCT has better spatial resolu-
tion but lower penetration than IVUS. These features make 
OCT more attractive for the definition of small details (e.g., 
thrombus, edge dissection, plaque rupture and erosion, cal-
cium assessment) (Fig. 2), while IVUS is preferred in larger 
vessels, aorta-ostial lesions and in case higher penetration 
is needed (e.g., estimation of plaque burden, etc.). Given 
the larger burden of clinical evidence, IVUS is currently 
recommended to assess the severity of unprotected left main 
stenosis. In addition, both IVUS and OCT are recommended 
to guide and optimize stent implantation, especially in com-
plex coronary lesions. Tables 2 and 3 are summarizing the 
main studies available [43–60].

3.4  CCTA‑Guided PCI

CCTA can detect atherosclerosis at a very early stage and 
gives various information about the extent of coronary artery 
disease and especially the plaque characteristics [9]. A com-
mon problem in coronary revascularization, based only on 
conventional angiography, is the inaccurate evaluation of 
lesion length, which is associated with adverse events after 

stent implantation. The analysis of the CCTA provides us 
with metrics like the minimal lumen diameter (MLD), which 
can define nicely the lesion severity and reference vessel 
diameter (RVD) enabling to select the correct diameter of 
the stent. Furthermore, CCTA can characterize plaques 
qualitative and quantitively in a way that can guide revascu-
larization. CCTA can identify high-risk plaques, especially 
non-calcified plaques (NCP) with low attenuation, plaques 
with spotty calcifications (SCPs) or plaques with positive 
remodeling with increased remodeling index (RI) have been 
identified as important features of plaque instability [61].

Furthermore, the combination of computed tomography 
and fractional flow reserve derived from CT angiography 
(FFRCT), assessing anatomy and physiology in one single 
study, can play an important role both in risk stratifica-
tion and procedure planning [62]. A new tool, the FFRCT 
planner, is actually a new approach to predict the results of 
PCI in terms of post-PCI FFR. The FFRCT planner tool 
simulates luminal changes produced by PCI and calculates 
coronary pressures using the modified 'stented' geometry. 
In this way, the interventional cardiology could predict the 
benefit of a given PCI strategy [63]. A novel approach for 
CT-guided revascularization and the next step for a fully CT-
guided PCI, is the integration of CCTA using a 3D visualiza-
tion software inside the Cath-lab. This adds three-dimension 
to conventional angiography and enables the visualization 
of atherosclerotic burden in the entire coronary tree (Fig. 3) 
[64]. CT-guided revascularization is an approach that stead-
ily gains ground in the field of coronary interventions. CCTA 

Fig. 2  Significant calcified lesion in proximal and middle left anterior 
descending artery. a Coronary angiography. Yellow dashed lines rep-
resent the proximal and distal edge of the implanted stents during the 
PCI. b OCT pre-PCI showing calcific lesion with significant stenosis 

and MLA of 1.12  mm2. c OCT post-PCI showing total stent length of 
56 mm length and optimal stent expansions of 88%. PCI percutane-
ous coronary intervention, OCT optical coherence tomography, MLA 
minimum lumen area.
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Table 2  Main studies available using OCT

VP vulnerable plaque, TCFA thin-cap-fibroatheroma, LRP lipid-rich-plaque, FP fibroatheroma, PB plaque burden, MSA minimum stent area, 
MACE major adverse cardiac events

Study name Year of 
publica-
tion

Study design Num-
ber of 
patients

Groups Primary endpoint Conclusions

COMPLETE OCT 2020 Prospective observa-
tional

93 Prevalence TCFA in 
obstructive and non-
obstructive lesions

VP were more common 
in obstructive lesions

COMBINE OCT-FFR 2016 Prospective observa-
tional

550 Lesions with TCFA 
vs. lesions without 
TCFA

Impact of plaque com-
positions on MACE

TCFA were associated 
with higher MACE

CLIMA 2020 Prospective observa-
tional

1003 Impact of plaque com-
positions on MACE

VP were associated 
with higher risk of MI

CLI-OPCI II Study 2015 Retrospective obser-
vational

832 Impact of post PCI-
OCT on MACE

Suboptimal PCIs were 
associated with higher 
MACE

ILUMIEN I 2015 Prospective observa-
tional

418 Impact of OCT on 
procedural decision 
making

In half of cases OCT 
impact procedure 
decision making (pre-
PCI)

ILUMIEN II 2015 Observational 940 OCT vs angiography-
guided PCI

Post PCI stent expan-
sion

Comparable degree of 
stent expansion

ILUMIEN III OPTI-
MIZE PCI

2016 RCT 450 OCT-vs-IVUS-vs 
angiography-guided 
PCI

Post PCI MSA (1) Similar MSA 
between OCT and 
IVUS, (2) inconclu-
sive for OCT superi-
ority on MACE

Table 3  Main studies available using IVUS

TCFA-thin cap fibroatheroma. LRP-lipid rich plaque. FP-fibroatheroma. PB-plaque burden. MLA-minimum lumen area. MSA–minimum stent 
area. MACE-major adverse cardiac events. IC–intracoronary imaging. EES-endothelial shear stress. TLF–target lesion failure. TVF–target vessel 
failure.

Study name Year of 
publica-
tion

Study design Num-
ber of 
patients

Groups Primary endpoint Conclusions

PROSPECT 2011 Prospective-observa-
tional

697 FP vs No FP Impact of FP plaque 
on MACE in non-
culprit lesions

TCFA was associated 
with higher MACE

PROSPECT ABS 2020 RCT 182 PCI + medical therapy 
vs. medical therapy 
alone

MLA after 2 years 
(powered) TLF after 
2 years (nonpow-
ered)

PCI of mild lesions 
with higher PB was 
associated with 
favorable outcome

PROSPECT II 2021 RCT 1643 PB and LRP on 
MACE

LRP were associated 
with MACE

ATHEROREMO-
IVUS

2014 Prospective-observa-
tional

581 Association between 
TCFA and MACE

TCFA predict future 
MACE

PREDICTION 2012 Prospective-observa-
tional

506 Plaque characteristics 
after PCI in ACS

Increasing in plaque 
area

High PB and low 
ESS predict plaque 
progression

LITRO 2011 Prospective-observa-
tional

354 LMCA MLA <6  mm2 
vs MLA > 6  mm2

MLA ≥ 6  mm2 as 
threshold for LMCA

MLA ≥ 6  mm2 was a 
safe value for PCI 
deferring in LM

ULTIMATE TRIAL 2021 RCT 1448 IVUS vs angiography-
guided DES

TVF at 3 years IVUS-guided was 
associated with a 
lower rates TVF at 
3-years FU
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can be used to improve patient selection for PCI, to plan and 
guide coronary interventions [65].

4  Ischemia Without Obstructive Epicardial 
Coronary Artery Disease (INOCA)

Depending on the clinical series, approximately 30 to 70% 
of patients with angina and/or signs of ischemia referred to 
coronary angiography have non obstructive coronary artery 
disease [66]. INOCA is diagnosed with signs or symptoms 
of ischemia but in the absence of coronary artery stenosis > 
50% DS or with an FFR<0.80 (or iFR < 0.89) [67]. These 
patients deserve attention since INOCA has been associated 
with a worse clinical outcome [68].

In the ESC guidelines on CCS(2), the first line recom-
mended testing for angina is non-invasive. In patients with no 
obstructive CAD on their CCTA and/or no regional revers-
ible ischemia on functional testing, INOCA should be consid-
ered, and further non-invasive and invasive testing should be 
performed [67]. Non-invasive diagnosis of INOCA relies on 
interrogation of coronary vasomotor function by measuring 
regional and global myocardial blood flow at rest and during 
stress, microvascular resistance, and coronary flow reserve 
(CFR) calculated as the ratio of hyperemic to rest absolute 
myocardial blood flow. Positron emitted tomography (PET), 

Cardiac Magnetic Resonance (CMR) and Dynamic myocardial 
perfusion CT are mainly limited by the reduced availability 
and long post-processing [69]. Doppler echocardiography in 
the left anterior descending artery is operator-dependent and 
limited by the poor acoustic window. Nevertheless, perfusion 
assessment lacks the sensitivity to diagnose the relative contri-
butions of epicardial and microvascular disease to myocardial 
blood flow reduction. In addition, some patients with a pro-
pensity to vasospastic chest pain syndromes may have normal 
findings from pharmacological and exercise stress testing and 
acetylcholine for provocative tests can be administered only 
during invasive testing [69]. Thus, a full diagnostic assessment 
for INOCA currently requires invasive angiography. Table 4 
displays the invasive diagnostic workup for INOCA patients 
[70–74]. A diagnostic flowchart for non-invasive and invasive 
assessment is illustrated in Fig. 4. A similar algorithm for the 
diagnosis of CAD in hypertensive patients was previously 
proposed by the Italian Society of Hypertension [75]. Com-
pared to the latter, in which the decision-making was based to 
the organ damage, we emphasize more the role of CCTA as 
first-line diagnostic approach and physiological assessment of 
stenosis-induced ischemia.

Fig. 3  Left anterior descending coronary artery with calcified lesion 
and significant stenosis in the proximal segment. a Coronary com-
puted tomography angiography–curved multiplanar reconstruction 

and cross-sectional views. b FFRCT patient-specific model with dis-
tal value of FFRCT<0.70. c 3D reconstruction model with visualiza-
tion of plaque components.
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5  Targets of Medical Therapy for Secondary 
Prevention

5.1  Lipid‑Lowering Drugs

The “low-density lipoprotein (LDL) hypothesis”, i.e. the 
reduction of the LDL translates in a lower cardiovascu-
lar (CV) risk, has been widely accepted. Baigent et al. 
in a landmark metanalysis evaluating more than 90,000 

patients by 14 trials with statins, observed that a reduc-
tion of 1 mmol per liter (38.7 mg per deciliter) in LDL 
cholesterol levels carried a consistent 23% reduction in 
the risk of major coronary events over 5 years [76]. In 
consideration of the so-called "Residual Cardiovascu-
lar Risk", larger clinical trials have led to focus on the 
extreme reduction of LDL, regardless of the drug used to 
reach the goal [77].

The IMPROVE-IT trial with the Ezetimibe, the FOU-
RIER and ODISSEY trials with the proprotein convertase 
subtilisin/kexin type 9 (PCSK9) monoclonal antibody 
therapies Evolocumab and Alirocumab, have shown an out-
standing event-rate reduction directly related to the extreme 
reduction of LDL in patients with both chronic athero-
sclerotic cardiovascular disease and recent acute coronary 
syndrome [78, 79]. Thus, ezetimibe and PCSK9 inhibitors 
nowadays offer additive and alternative options wherever 
the statin therapy tolerance is reduced by side effects, or 
the magnitude of LDL lowering is below the recommended 
targets [80, 81]. Remarkably, besides the hard clinical out-
comes above described, Atorvastatin, Rosuvastatin and Evo-
locumab have also demonstrated reducing the progression 
of atherosclerosis in central and peripheral vessels [82–84]. 
In the light of the above, the LDL hypothesis has been rap-
idly relocated in the modern axiom of cardiology "the lower 
LDL, the better CV-risk profile" in such a way that the most 

Table 4  Invasive diagnostic workup three main endotypes of INOCA

FFR fractional flow reserve, CFR coronary flow reserve, IMR index 
of microcirculatory resistance, VRT vasoreactivity test

Vasospastic angina (VSA) FFR > 0.80/iFR > 0.89
CFR ≥ 2
IMR < 25/HMR < 1.9
VRT → positive

Microvascular angina (MVA) FFR > 0.80/iFR > 0.89
CFR < 2
IMR ≥ 25/HMR ≥1.9
VRT → negative

Combined VSA and MVA FFR > 0.80/iFR > 0.89
CFR < 2
IMR ≥ 25/HMR ≥1.9
VRT → positive

Fig. 4  Diagnostic flowchart for non-invasive and invasive assessment. CCTA  coronary computed tomography angiography, FFR fractional flow 
reserve, OMT optimal medical therapy, PPG pullback pressure gradient, OCT optical coherence tomography, IVUS intravascular ultrasound.
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recent European guidelines for the management of dyslipi-
demias suggest extreme targets of LDL (down to less than 
40 mg/dL) [81].

5.2  Blood Pressure Treatment Targets

Arterial Hypertension is the major preventable cardiovascu-
lar risk factor, strictly linked with CAD. Although the most 
recent ESC/ESH Guidelines define arterial hypertension as 
office BP values ≥ 140/90 mmHg, even suggest a more vig-
orous BP targets in hypertensive patients with CAD. Since 
an increased BP ≥140/90 mmHg as well as a BP < 120/70 
mmHg are associated with unfavorable outcomes in these 
patients, a target BP of roughly 130/80 mmHg can be rec-
ommended [85]. Furthermore in hypertensive patients with 
CAD and history of MI, beta-blockers and RAS- blockers 
are recommended.

5.3  Ticagrelor 60 mg: Long‑Term Secondary 
Prevention of Cardiovascular Events

Aspirin is the cornerstone for the secondary prevention of 
acute coronary events [86]. The addition of a second anti-
platelet agent, namely a P2Y12-receptor inhibitor, to aspi-
rin further inhibits the extent of platelet aggregation and is 
generally indicated for limited period of times (1 year or 
less) after coronary stenting or an acute coronary syndrome 
(ACS). However, the reduction in the risk of ischemic events 
obtained with antiplatelet agents is usually counterbalanced 
by an increase in bleeding complications [87–89]. Long-term 
dual antiplatelet therapy (DAPT) for more than 1 year should 
therefore be considered for patients with an increased risk of 
ischemic events and without high bleeding risk [2]. Prolonga-
tion of DAPT with clopidogrel or prasugrel after 12 months of 
PCI with DES reduced the incidence of ischemic events and 
stent thrombosis, but without a mortality benefit and at the 
expense of increased bleeding [90]. The PEGASUS-TIMI 54 
trial evaluated a strategy of long-term DAPT with ticagrelor 
60 mg b.i.d. or 90 mg bid among 21,162 high-risk patients 
with a prior MI and without high bleeding risk. The study 
showed a significant reduction in the primary endpoint of car-
diovascular death, MI, or stroke, with both ticagrelor dosages 
compared to placebo on top of aspirin therapy. However, the 
lower ticagrelor dose of 60 mg appeared to be better toler-
ated, such that it preserved the efficacy in ischemic events 
without an excess in major bleeding complications as the 90 
mg dose [91]. More recently, the THEMIS trial confirmed the 
ischemic benefit of long-term DAPT with ticagrelor 90 mg 
versus aspirin alone among patients with stable CAD and dia-
betes, although the overall reduction in cardiovascular death, 
MI, or stroke was modest (7.7% vs 8.5%) and burdened by a 
significant increase in the risk of intracranial hemorrhage [92]. 
Of note, the observed benefit of long-term ticagrelor was more 

evident in the subgroup of patients with a prior PCI. Con-
versely, a subgroup analysis of PEGASUS-TIMI 54 showed 
that the risk of MACE, cardiovascular and all-cause death was 
higher in patients with no history of PCI, due to their higher 
baseline risk [93], which suggests the importance of spontane-
ous, non-stent-related, atherothrombotic events in long-term 
clinical outcomes of patients with prior MI.

5.4  Rivaroxaban for Secondary Cardiovascular 
Prevention in CAD patients

After the advent of direct oral anticoagulants (DOAC), their 
use at lower dosages has been investigated in the context of 
ACS on top of antiplatelet therapy [94]. The ATLAS ACS 
2 TIMI 51 trial tested two low-dose Rivaroxaban (5 mg and 
2.5 mg, twice daily) and showed a reduction in the risk of 
MACE along with a survival benefit in the lower dose group 
[95]. A metanalysis of aggregate outcomes from 6 trials sug-
gested that the benefit of DOACs in ACS patients may be 
enhanced in those with STEMI than NSTEMI [96].

The COMPASS trial compared three antithrombotic regi-
mens (aspirin alone, Rivaroxaban 5 mg twice daily and the 
combination of aspirin-plus-rivaroxaban 2.5 mg twice daily) 
in patients with stable ischemic coronary or peripheral arte-
rial disease (PAD) [97]. The rate of the primary endpoint of 
cardiovascular death, MI, or stroke was significantly reduced 
with combination therapy, with the largest clinical benefit 
observed in high-risk subgroups (multi-vessel peripheral 
disease, impaired renal function, heart failure, diabetes mel-
litus, or a combination of these risk characteristics) [98]. 
Major bleeding events were higher in the rivaroxaban groups 
than in the aspirin monotherapy group, but no significant 
between-group differences were observed in the rate of fatal 
bleeding, intracranial bleeding, or symptomatic bleeding 
into a critical organ [97].

Recent data suggest strong benefit in terms of cardiovas-
cular events reduction with the intensification of antithrom-
botic therapy in high risk patients. Regardless of the lack of 
evidence between low-dose P2Y12-inhibitors and NOACs, 
the final choice should be guided by the patient’s risk profile. 
Briefly, in patients with PEGASUS-like profile (i.e. high-
risk with “recent” acute event and previous complex PCI) a 
long-term strategy with low-dose P2Y12 inhibitors should 
preferred, whereas in COMPASS-like patients (i.e. high risk 
patients with documented atherosclerotic vascular disease) 
NOACs therapy should be selected.

6  Conclusion

The optimal management of CCS patients with suspected 
or established CAD begins with the assessment of the 
best and more accurate PTP model in order to stratify the 
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clinical likelihood of CAD. Non-invasive functional tests 
may be preferred in patients with intermediate-high PTP 
and in those who are likely to undergo revascularization. In 
this setting, the role of CCTA that combines anatomic and 
functional evaluation is of paramount importance both for 
the diagnostic capacity and for the ability to contribute to 
the planning of PCI or CABG, particularly in patients with 
multi-vessel CAD. The purpose of revascularization has to 
be an enhancement of angina symptoms and an improve-
ment of prognosis. In this contest, physiology and imaging 
guidance of revascularization is the cornerstone of contem-
porary management of CCS patients. Regarding best second-
ary prevention, the objective is to obtain the lowest level 
of LDL with cholesterol-lowering medications, to reach the 
recommended BP values and prevent further ischemic events 
avoiding high risk of bleeding with low dose of P2Y12 
inhibitors or NOACs.
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