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Chronic coronary syndromes (CCS) comprehend a wide spectrum of conditions related to coronary artery disease (CAD). CCS
definition includes either those patients who experienced an acute coronary syndrome such as myocardial infarction (MI) or
unstable angina (UA), and the ones in which CAD has been detected through screening. This aspect creates a potential issue
in differentiating medical treatments and modalities and timing for follow up. Another critical aspect is represented by the
gap between American and European guidelines, which have been most recently updated respectively in 2023 and 2019.
Furthermore, it is not clear what kind of patient must be screened for the detection for CAD and how to manage the eventual
follow-up. Lastly, the latest guidelines are not clear for the choice of medical therapy and which are the patients who benefit
the most from the eventual revascularization.

The aim of this review is to analyze the issues related to the incongruities about CCS and propose potential options for adequate
treatment and follow up.
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Introduction the setting of evidence of acute myocardial ischemia (2)". It has
a worse long-term prognosis than stable and unstable angina
because it determines death of myocardial cells, leading to a
potential loss of ventricular function, cardiac remodeling, and
fibrosis.

Coronary artery disease (CAD) represents a healthcare issue
worldwide. It is estimated to be the third leading cause of
mortality (1). The main risk factors for CAD are smoking,
diabetes mellitus, dyslipidemia, and hypertension.

While the acute setting of CAD is well defined in literature,
it is not the same for chronic coronary syndromes (CCS).
Furthermore, many patients who are classified as CCS
experienced an acute coronary syndrome (ACS), relevant
Myocardial infarction is described by the fourth universal guidelines have been recently updated. This aspect created
myocardial infarction (MI) definition as “the presence of acute  the necessity to update the CCS guidelines.

myocardial injury detected by abnormal cardiac biomarkers in

CAD may present acutely in form of myocardial infarction (ST-
elevation myocardial infarction, STEMI; or non-ST elevation
myocardial infarction, NSTEMI), stable or unstable angina.
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The latest European guidelines for the management of CCS
have been most recently updated 5 years ago (2019) (3), while
latest American guidelines have been released by American
Heart Association (AHA) and American College of Cardiology
(ACC) in 2023 (4), leading to a potential gap in clinical practice
between physicians of different countries.

CCS are defined by the latest European Guidelines as a form
of CAD, underlying the dynamic process of atherosclerosis,
which may present either in the acute forms mentioned
before, or as a chronic disease (previously defined as “Stable
CAD”"), which may evolve in different scenarios. ESC guidelines
define six types of patients:

1) patients with suspected CAD and ’‘stable’ anginal

symptoms, and/or dyspnea;

2) patients with new onset of heart failure (HF) or left
ventricular (LV) dysfunction and suspected CAD;

3) asymptomatic and symptomatic patients with stabilized
symptoms <1 year after an ACS or patients with recent
revascularization;

4) asymptomatic and symptomatic patients >1 year after
initial diagnosis or revascularization;

5) patients with angina and suspected vasospastic or
microvascular disease;

6) asymptomatic subjects in whom CAD is detected at

screening.

(Prepared using Biorender.com)

In this context, CCS includes a wide spectrum of patients
with heterogeneous features, which may need different
treatments, while ESC guidelines define all patients in the
same group, as CCS.

This aspect raised some controversies between experts,
especially for the management of these category of patients.

In fact, the most recent guidelines suggest the same medical
therapy for those patients who experienced an ACS and the
ones in whom CAD has been detected during screening (e.g.
echocardiography or computed tomography (CT) scans).

About medical therapy, the management of antiplatelet
and anticoagulant medications represents another issue.
Moreover, these therapies should be re-calibrated in the
elderly, group that represents most of the patients (5).

Dual antiplatelet therapy (DAPT) is always indicated in those
patients who had an ACS and in those in whom a percutaneous
coronary intervention (PCl) has been performed. The first
antiplatelet drug is acetylsalicylic acid (ASA, aspirin), which is
used with a second drug in DAPT. The options for the second
antiplatelet drug rely on P2Y12 inhibitors - clopidogrel,
prasugrel and ticagrelor. The choice and the duration of
the therapy with the second antiplatelet drug in CCS is not
clear. The clinical consensus suggests 3-6 months of DAPT,
most frequently with ASA and clopidogrel. The issue with
this agreement is that there are no robust clinical trials
demonstrating the effective superiority of this association in
CCS over the use of more potent P2Y12 inhibitors.
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Moreover, the clinical consensus on duration and choice of
DAPT is based on studies and guidelines that unify patients
with different features under the same definition. In fact,
patients who experienced an ACS are classified as CCS. These
patients may benefit longer DAPT duration (6). On the other
hand, patients who did experience an ACS do not show the
same benefit. However, some of the patients who did not
experience an ACS still have a high ischemic risk (multiple PCls,
long stents especially in the proximal left anterior descending
artery (LAD), evidence of chronic total occlusions (CTO)), but
they are still classified under the same group, and there is not
a differentiation for the medical therapy.

Lastly, latest ESC guidelines do not clarify how to manage

Table 1. Diagnostic tests for chronic coronary syndromes:

TEST INDICATION

situations such as CTO or intra-stent restenosis, when to switch
to a more potent P2Y12 inhibitor or evaluate to a longer DAPT.

The aim of this review is to examine the pitfalls of the ESC
guidelines on CCS and propose potential solutions.

The main points we are going to discuss in this review are
the management of risk factors, diagnostic assessment,
interventional and medical therapy and long-term follow up
in the spectrum of CCS (Graphical abstract).

Diagnosis and CAD assessment (Table 1)

The table 1 outlines the indications, advantages, and
disadvantages of various diagnostic tests for coronary artery
disease.

EXERCISE-STRESS TEST

STRESS-ECHOCARDIOGRAPHY

MYOCARDIAL SCINTIGRAPHY

COROMARY ANGIOGRAPHY

Intermediate risk of CAD

Intermediate risk of CAD

Lows risk of CAD

Intermediate risk of CAD

High or very high risk of
CAD

PRO'S CON'S
High sensitivity Lacks specificity
Cheap Difficult to evaluate when
Allows to define ischemic there are abnormalities on
threshold the baseline ECG

More specific than exercise-

stress test
Allows to identify wall
maotion abnormalities

High sensitivity

Allows to identify the
lesion(s)

Possibility to evaluate
plague morphology
Functional evaluation of
myocardial viability
Precise anatomical
reconstructions
Definitive test

Allows to treat the disease

Operator-dependent

Inadequate response to
Dobutamine in patients
who take beta-blockers

Lacks specificity
Confounding factors

[aortic valve calcificadions
eg)

Lacks specificity

Poor evaluation of the
infiericr myocardial wall
Complications
Contrast-induced AKI

* Radiations usage

AKI - acute kidney injury, CAD - coronary artery disease, CCTA - coronary computed tomography angiography. ECG -

electrocardiography

Testing in patients unknown for CAD remains highly discussed.
The actual guidelines suggest performing CAD assessment
based on the patient’s risk.

Patients are divided in three classes of risk of CAD: low,
intermediate, or high risk.

For those patients with low risk of CAD, the actual guidelines
suggest performing coronary computed tomography
angiography. It is a non-invasive imaging technique, which
uses X-Rays and IV iodine contrast. Its benefits are the high
negative predictive value which makes it a good test to
exclude CAD when the probability is low (7).

Provocative tests such as exercise-stress test or stress
echocardiography are indicated in those patients at
intermediate risk.

393

When CAD risk is high or very high, patients may have
indications for coronary angiography without intermediate
test, especially those who already have anamnesis for CAD
(previous ACS e.g.).

In this context, the main problem is defining the patient’s
risk. The main risk factors for CAD are smoking, hypertension,
dyslipidemia, and diabetes mellitus. Most of the clinicians
evaluate cardiovascular (CV) risk empirically, even though
there are scores validated by the ESC such as SCORE-2 and
SCORE2-OP (re-calibrated on elderly), which are based on
age, blood pressure, and cholesterol levels. Recently, the
ESC proposed to stratify the CV risk in the different regions,
considering the different demographic incidence of CAD.

These scores have been recently improved including diabetes
in the risk calculator, in form of Hb1Ac %, age at the diagnosis
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of diabetes and estimated glomerular filtration rate (eGFR).
This aspect is crucial because patients affected by diabetes
mellitus have a higher incidence of CAD, so they need a
dedicated score for the risk assessment.

The issue with CAD risk assessment is represented by the
discretion of the clinicians to use scores and evaluating
empirically instead. This aspect contributes to the lack of
consensus for the management of CCS.

Exercise-stress test and stress-echocardiography

The principles of exercise-stress test and stress-
echocardiography for the detection of CAD are based on the
evaluation of the coronary flow reserve, which is defined as
the ratio of the maximal or hyperemic flow down a coronary
vessel to the resting flow (8). It is useful to evaluate those
patients who experience symptoms related to a possible
CAD such as angina or dyspnea during exercise, but not at
rest. While exercising, several vasodilators are released: the
main coronary vasodilator is adenosine (9) which derives
from the hydrolysis of adenosine triphosphate (ATP), which
generates adenosine diphosphate and a phosphoric group.
The additional hydrolysis of ADP can generate two ulterior
phosphoric groups, and adenosine. Adenosine interacts
with its receptor A2A, which through the mediator cyclic
adenosine mono-phosphate, determinates coronary artery
vasodilation. If the vessels are not affected by CAD, this results
in an increase in coronary blood flow and oxygen delivery to
the myocardium; otherwise, if there is obstructive CAD (where
a hemodynamically significant stenosis is defined by a >70%
vessel obstruction), there will be discrepancy between oxygen
demand and oxygen delivery, causing ischemia.

The same metabolic pathway may be reproduced by stress-
echocardiography through the administration of drugs such
as dipyridamole or, more frequently, dobutamine.

Dipyridamole acts inhibiting the enzymes phosphodiesterase
and adenosine deaminase that increase adenosine levels,
determine the accumulation of secondary messengers of the
prostacylin/PGD2 pathway, causing vasodilatory effects on
the coronary arteries (10).

If CAD is present, the vasodilatory effect will be more
pronounced in those vessels, which are not involved, showing
a better endothelial function and response to vasodilatory
agents. This leads to a “steal” of blood to the vessels with
stenoses, causing abnormalities in wall motion which become
evident on echocardiography of the area supplied by the
vessel involved.

During exercise stress test, it is possible to reproduce the
ischemic stress through physical exercise. The physician
evaluates symptoms, exercise tolerance, blood pressure
profile, and ECG changes.

The amount of work required to have a proper evaluation is
typically based on the maximum predicted heart rate (MPHR),
which should be >85% of MPHR.

The main ECG changes suggestive for ischemia are ST
depressions during exercise, which are evaluated at 60 to 80
ms from the J point.The test is considered positive forischemia
if there is an ST - depression of 2 mm or more with rapid up-
sloping shape, or ST depression of 1.5 mm with slowly up-
sloping shape, or a 1 mm or more horizontal or down-sloping
ST depression. These last two patterns are the most frequently
associated with CAD, while the others may be more frequently
falsely positive (11)

Another very specific ECG change for CAD is left bundle
branch block absent at rest. It is considered suggestive
for inducible ischemia and its presence is an indication for
coronary angiography (12).

The main issues with exercise stress test are represented by
those patients who are unable to complete the test because
of orthopedic conditions, deconditioning, and marked
baseline ECG abnormalities at rest such as inverted T-waves
or ST depressions that make difficult to evaluate possible
modifications. Moreover, exercise stress test does not allow
localizing with enough specificity the ischemic area and the
eventual coronary artery involved. In fact, even though it
represents a sensitive test for screening in CAD, it lacks on
specificity.

Stress-echocardiography is based on the same metabolic
principles explained before. The metabolic stress may
be induced by the administration of dobutamine, or less
frequently adenosine or dipyridamole or with a physical
exercise, typically cycling on the ergometer (13).

It is a more specific test than exercise stress test and allows
to localize the eventual lesion, identifying wall motion
abnormalities induced by the ischemia.

The main issues of stress-echocardiography are related to
the operator because echocardiography is an operator-
dependent examination, and to the patient, especially those
who take beta-blockers and may not have an adequate
response to dobutamine.

Coronary computed tomography angiography

Coronary computed tomography angiography (CCTA) is
widely used in clinical practice to detect CAD, especially in
those patients who have low probability of being affected. In
fact, it has a high sensitivity but lacks in specificity (14) because
the physical principles of CT, which intensifies denser tissues,
allow to detect easily atherosclerotic plaques, especially those
which have a high calcific burden (15). This may be a problem
in the elderly, who show calcifications without having
significant plaques, which may overestimate the stenosis.

The ESC guidelines for CCS recommend the use of CCTA in
those patients who have intermediate-low risk of CAD, or in
those in which stress testing resulted inconclusive. The most
widely used score is coronary artery calcium (CAC) score,
which estimates the amount of calcium in the coronary
arteries. Even if it represents a validated tool, CAC score is
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affected by the amount of calcium that does not participate
to the atherosclerotic plaque, like in those patients who have
very calcific aortic valves.

Nowadays, it is possible to evaluate the coronary stenoses
with functional studies even on ct, similarly to coronary
angiography (16). In fact, coronary physiology assessment
can be performed without performing invasive coronary
angiography, using tools such as virtual functional flow
reserve (FFR) or quantitative flow ratio (QFR) based on CCTA.
These imaging techniques allow to assess CAD avoiding
hospitalizations and complications related to the procedure,
such as bleeding and coronary dissections (17).

The limitations of this kind of assessment are mostly related
to the CT technique (radiations, excessive enhancement
of calcium with overestimation of the stenoses, imaging
artifacts).

Myocardial scintigraphy

Itisan examination, which uses the principles of single photon
emission computed tomography (SPECT) or positron emission
tomography (PET). The images are acquired using photons
(gamma-rays) emitted by radiopharmaceuticals which bind
very selectively the myocardium, such as Thallium-201, which
binds the Na+/K+ ATPase, or Sestamibi and Tetrofosmin,
which are technetium-based agents, and bind the myocyte’s
mitochondria (18).

The myocardial scintigraphy produces perfusion images
before and after a stress, which may be pharmacological or
physical. The principles are the same we previously described
for exercise-stress test and stress-echocardiography. The
administration of dypiridamole or the physical stress
increases adenosine levels at the endothelium level, causing
vasodilation of the coronary arteries, supplying more blood
flow to the myocardium. If there is significant obstruction,
these areas will be less perfused, showing a lower uptake of
the radiopharmaceutical.

The patient must suspend with an adequate washout the
therapies with beta-blockers, Ca2+ -channel blockers and
nitrates before the examination.

Myocardial scintigraphy is characterized by a high sensitivity
and specificity (19). Unlike exercise stress test, it has an
anatomical correspondence, which makes it a more specific
test. The latest software allows very precise anatomical
reconstruction.

The issues with this technique are related to the very long
time of acquisition; in fact, it consists in a baseline acquisition,
then a pharmacological stress or exercise is administrated,
and lastly a second acquisition after stress. This time is further
prolonged by the time in which the patient must eat a fatty
meal after the stress to increase the emptying of the bladder,
which may hold the radiopharmaceutical.

Other confusing factors with myocardial scintigraphy are
related to the diaphragm, whose movements may alter the
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visualization of the inferior wall of the myocardium, often
leading to false positive for hypocaptation.

Coronary angiography

Following AHA/ACC and ESC latest guidelines, coronary
angiography should be performed without passing through
an intermediate test in those patients who have very high
probability of CAD. However, the “high-risk phenotype” is
not well defined by validated scores. In clinical practice,
the indication is frequently given to those patients who are
known to be affected by CAD and experience new-onset or
worsening angina (which are defined as unstable) or show
modifications of the resting ECG or new-onset wall motion
abnormalities on echocardiography.

Guidelines suggest to perform coronary angiography In
patients known to be affected by CAD, who survived a cardiac
arrest or show life-threatening arrhythmias (level of evidence
B); who show signs or symptoms of heart failure (level of
evidence B); and patients with severe or disabling angina
(class Il or IV) or with high-profile risk, especially if non-
responders to medical therapy (level of evidence C).

Medical therapy (Table 2)

Within the scope of CCS medical therapy, there are two main
goals to achieve:

- Controlling CAD progression
cardiovascular events;

and prevention of

- Reduction of symptoms and ischemic burden.

This table 2 summarizes the effects and mechanisms of various
pharmacological agents used in CCS.

Drugs for the prevention of CV events
Antithrombotic therapy

Platelet aggregation represents the main mechanism
underlying coronary thrombosis (20), justifying the role of
antiplatelet drugs in preventing the progression of CAD. The
use of these drugs is more aggressive in the acute phase, in
which there is an ongoing thrombotic stimulus, characterized
by persistent platelet activation and thrombin generation
(21). Nevertheless, even months or years after the acute event,
as shown by biochemical studies, hyperactivity, and elevation
of markers of the coagulation system persist (22).

This process plays an important role in the genesis of recurrent
ischemic events.

Primary prevention

The role of aspirin in primary prevention is currently discussed
and controversial. Meta-analyses revealed a slight effect of
low-dose aspirin in preventing the first heart attack or stroke,
at the expense of a significant increase in bleeding risk (23).

The ACC and the AHS propose low-dose aspirin (75 to 100 mg/
day) for the primary prevention of atherosclerotic CV disease
(CVD) in subjects between 40 and 70 years old who are at
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Table 2. Pharmacological agents used in chronic coronary syndromes

BETA BLOCKERS

Ca* CHANNELS BLOCKERS

NITRATES

STATINS

RANOLAZINE
TRIMETAZIDINE

ACEi/ARBs

+ HR - | O, myocardial consumption;
% coronary blood flow during diastole
«reverse steal phenomenon»

t O, delivery to the cardiomyocites

+ HR (non-DHP); vasodilating action
(DHP) >} O, myocardial consumption

} preload 2| O, myocardial consumption
vasodilating agents

}LDL-C

1 blood flow and endothelial function
{ LDL-C oxidation

t atherosclerotic plaque stability

} platelet aggregation

} vascular smooth muscle proliferation
} vascular inflammation

} intracellular Ca 2* overload

t anaerobic glucose metabolism = } O,
myocardial consumption

Prevention of major cardiovascular events
in subjects at high coronary risk
Inhibition of heart remodeling

4 SBP = | cardiac afterload

ACEi-angiotensin-converting enzyme inhibitors, ARBs - angiotensin receptor blockers, Ca?* calcium ions, DHP - dihydropyridine,
HR - heart rate, LDL-C - low-density lipoprotein cholesterol, O, - oxygen, SBP - systolic blood pressure

higher CVD risk but not at elevated risk of bleeding. However,
this approach is not applicable for older people or those who
are at higher risk of bleeding (23).

According to the European Society of Cardiology, low-dose
aspirin may be taken as a primary preventive measure in
people with a very high risk of CVD (24)

Secondary prevention
Patients with CCS without indication for oral anticoagulant
therapy (OAC)

The role of antithrombotic therapy in patients with
documented CAD is more established. Most of coronaropathic
patients, outside of the post-PCl period, are on single
antithrombotic therapy. A daily dose of 75-100 mg of Aspirin
is recommended by ESC Guidelines for prevention of ischemic
events in patients with a previous Ml or revascularization
(Class 1, Level A), while it may be considered in patients
without a history of Ml or revascularization, but with definitive
evidence of CAD on imaging (Class II, Level B) (25). The role
of Clopidogrel in this scenario is limited to aspirin-intolerant
patients (IA) and based on the CAPRIE study, to those with
either peripheral arterial disease (PAD) or a history of ischemic
stroke or transient ischemic attack (llb, B) (26).

The presence of complex CAD and CV risk factors outlines
the ischemic risk profile of the individual patient. The ESC
does not provide a precise definition of complex CAD, leaving
room for clinical judgment based on the patient's CV history
and coronary anatomy; the task of future guidelines will be
to offer readily available risk-stratification tools that include
anatomical and non-anatomical variables, to formulate
more standardized treatment plans both in the field of
medical therapy and correct interventional management.
In subjects with a high risk of ischemic events, defined as:
“diffuse multivessel CAD with at least one of the following:
diabetes mellitus requiring medication, recurrent MI, PAD,
or chronic kidney disease with eGFR 15-59 mL/min/1.73
m2)’, and without high bleeding risk, addition of a second
antithrombotic drug should be considered (Class lla, Level A),
with a lower class of recommendation (Class llb, Level A) in
patients with a moderately increased risk of ischemic events,
defined as “at least one of the following: multivessel/diffuse
CAD, diabetes mellitus requiring medication, recurrent Mi,
PAD, HF, or CKD with eGFR 15-59 mL/min/1.73 m2” (Class llb,
Level A) (26). There are several treatment options for DAPT in
combination with aspirin 75-100 mg daily, such as clopidogrel
75 mg, ticagrelor 60 mg b.i.d. (27) or rivaroxaban 2.5 mg b.i.d.
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The use of P2Y12 inhibitors is mainly indicated in patients
who have tolerated 12 months of DAPT following MI. Factor
Xa inhibitor, on the other hand, finds its place in the context
of the patient with diabetes, (28) chronic kidney failure (29),
but especially in patients with peripheral arteriopathy, in
which peripheral CV events are reduced in addition to major
CV events (30).

Patients with CCS and indication for OAC

Secondary prevention of CV events is pursued with the
non-vitamin K oral anticoagulant alone in patients who
have indication for an oral anticoagulant; however, despite
the lack of specific data, dual therapy with an OAC and a
single antiplatelet agent like aspirin or clopidogrel may be
considered in highly selected cases with high ischemic risk
(Class llb, Level B) (31).

Therapeutic management of the post-PCl phase

In patients undergoing coronary angiography for stable
angina, evidence of CAD on CCTA or ischemia by functional
noninvasive tests, stent implantation is followed by more
aggressive antithrombotic therapy. The type and duration
options of these therapies are various, based on the patient’s
features.

Patients without indication for OAC

After angioplasty, DAPT is provided. The standard therapy
involves the combination of aspirin 75-100 mg and Clopidogrel
75 mg daily for 6 months (Class |, Level A). In cases in which the
risk of hemorrhage is considerable, it is possible to reduce the
DAPT duration to 1-3 months (32).

The unlicensed use of ticagrelor or prasugrel in stable patients
having elective PCI who are at high-risk of stent thrombosis
is supported by a small number of pharmacodynamic trials;
nevertheless, the safety/efficacy balance of this method in
comparison to clopidogrel has not been established (33).
Another possible scenario in which to hypothesize the use of
these drugs is aspirin intolerance.

Prasugrel or ticagrelor can find a rationale as second
antiplatelet agent, at least as first therapy, in certain high-
risk elective stenting scenarios, like numerous implanted
stents, vascular tree with diffuse lesions, total stent length
> 60 mm, difficult left main stem stenting, history of intra-
stent thrombosis on antiplatelet treatment, inadequate stent
deployment, or other procedural characteristics associated
with high risk of stent thrombosis. The choice to embrace this
therapeutic strategy is weighted based on the specific profile
of the individual patient, always taking in consideration his
bleeding risk.

The main data we have about the comparison between
prasugrel and ticagrelor are in the context of ACS and are
mostly indirect data derived from three major studies, the
Disperse -2 (34) and PLATO (35) (ticagrelor vs clopidogrel) and
TRITON - TIMI 38 (36) prasugrel vs clopidogrel).
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In a meta-analysis, Biondi-Zoccai et al. performed a head-to-
head comparison between prasugrel and ticagrelor with the
results of these three studies and demonstrated no difference
in the risk of overall death, non-fatal MI, non-fatal stroke or
their composite endpoints. However, prasugrel seems to be
more effective than ticagrelor in preventing stent thrombosis,
but without having other clinical benefits, and while it may
increase the risk of bleeding (37).

Therefore, in clinical practice ticagrelor appears to be more
widely usedin view of its better safety profile from the bleeding
point of view especially in elderly patients (> 75 years),
weighing less than 60 kg, or with a history of cerebral ischemic
event in whom the use of prasugrel is not recommended
and also in view of its shorter half-life, which results in an
acceptable bleeding rate if the patient undergoes cardiac
surgery during the same hospitalization. Instead, prasugrel
has a place especially in patients with development of intra-
stent restenosis during antiplatelet therapy with ticagrelor or
with complex CAD associated with a low bleeding risk.

Patients with indication for OAC

The most frequent scenario are those patients with CCS and
atrial fibrillation, present in 5-8% of patients undergoing PCl
(38) but there are also other contexts in which anticoagulant
therapy is required.

In this setting personalized antithrombotic therapy is needed,
both in terms of composition and duration. The decision
is related to a complex and subtle balance between the
individual patient-specific hemorrhagic risk (added to the
intrinsic one in the nature of the antithrombotic drugs) and
the combined coronary and embolic ischemic one. There are
several scores and parameters that help us to quantify these:
the HAS-BLED (hypertension, abnormal renal/liver function,
stroke, bleeding history or predisposition, labile INR, elderly,
drugs/alcohol concomitantly) score, the PRECISE DAPT SCORE
and Academic Research Consortium for high bleeding risk
(ARC-HBR) criteria regarding bleeding risk, the latter having
greater sensitivity than the others (39); the CHA2DS2-VASc
score regarding cardioembolic risk in atrial fibrillation patients.

In relation to the risk of intra-stent thrombosis, this is not defined
by any validated score, however a variety of factors that participate
in this risk are considered in clinical practice, including: complex
PCI (stenting of left main stem, proximal LAD or last coronary
artery; implantation of two stents on bifurcation, etc.), previous
intra-stent thrombosis in adequate therapy, procedural factors
(stentlength > 60 mm, etc.) and comorbidities (diabetes mellitus,
chronic kidney disease, etc.) (40).

According to European guidelines, the standard protocol
provides the combination of aspirin, clopidogrel, and OAC
for one month (Class lla, Level B) (41), after which clopidogrel
and OAC are continued for the next six months, then leaving
the patient on OAC monotherapy lifelong or possibly in
association with a single antiplatelet drug in selected patients
(as discussed above).
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The choice on the duration of triple antithrombotic therapy
depends on the balance between bleeding and the intra-
stent thrombosis risk, both determined by the parameters
and scores named above.

In consideration of what has just been said, the triple therapy
should be reduced to one week in patients where the
hemorrhagic risk prevails (Class lla, Level B) (42), conversely,
if the ischemic risk of intra-stent thrombosis is higher, this
pharmacological combination should be prolonged over a
month up to six months (Class lla, Level C) (41).

In addition to paying attention to the management of
antithrombotic therapy, there are other pharmacological and
nonpharmacological measures that can be taken to reduce
bleeding events, which occur more in elderly patients with
a history of previous bleeding, often gastrointestinal. Proton
pump inhibitors (PPIs), which are recommended in all patients
at risk of gastrointestinal bleeding who are taking aspirin,
DAPT, or an OAC, play a key role in this regard because of their
various protective effects at the gastrointestinal mucosal level
(43); This class of drugs, such as esomeprazole and omeprazole,
may interact with CYP2C19, which metabolizes the inactive
form of clopidogrel, reducing its pharmacodynamic effect
(44), so co-administration of these should be avoided, even
if it has not been demonstrated to impact the risk of ischemic
events or stent thrombosis.

Other preventive measuresinclude the choice of aradial artery
approach as default vascular access and proper adjustment of
anticoagulant dosage in relation to the patient's weight, age,
and renal function. A more invasive measure is left auricle
closure, which may be considered in patients who have an
absolute contraindication to anticoagulation, such as may be
the high risk of potentially fatal bleeding.

Lipid-lowering therapy

Another cornerstone of the prevention of CV events is
represented by lipid-lowering therapy. Scientific literature
has consistently shown that lowering cholesterol linked to
low-density lipoproteins (LDL-C) is associated with a lower
risk of CV events, the magnitude of which is proportionate to
lowering plasma LDL-C concentrations.

LDL oxidation plays a significant pathogenic role in
atherosclerosis due to several specific biological properties
in vitro and in vivo, such as the formation from macrophages
of foam cells, which play a critical role in lesion progression.
Indeed, scientific evidence shows a correlation between
plasma and plaque levels of oxidized LDL and vulnerability to
rupture of atherosclerotic lesions (45).

Despite the levels of LDL-C, lipid-lowering medications are
necessary for patients with established CAD, since they are
deemed to be at very high risk for CV events. Lowering LDL-C by
atleast 50% from baseline and to <1.4 mmol/L (<55 mg/dL) is the
aim of therapy, while individuals who have experienced a second
vascular incident within the last two years may be eligible for a
lower target LDL-C of <1.0 mmol/L (<40 mg/dL) (46).

Thefirst therapeutic choice is certainly a statin at the maximum
tolerated dosage. In addition to reducing serum cholesterol,
statins have numerous other pleiotropic effects. These other
features include improving blood flow and endothelial
function, reducing LDL-C oxidation, increasing atherosclerotic
plaque stability, reducing platelet aggregation, vascular
smooth muscle proliferation and vascular inflammation (47).

High doses of atorvastatin have been demonstrated to
lower the incidence of peri-procedural events in patients
undergoing PCl, in both patients on chronic statin treatment
and statin-naive patients (48).

In case of failure to achieve the pre-established cholesterol
levels, even using the maximum tolerated dose of statins, the
addition of other compounds is necessary.

Ezetimibe is one of the molecules of choice; it acts at the
intestinal level and selectively lowers cholesterol absorption.
When used as monotherapy, it reduces LDL-C levels from
15% to 22% of baseline values. While the role of ezetimibe as
monotherapy in patients with elevated LDL-C levels is limited,
its activity is complementary to statins. In fact, while statins
reduce cholesterol biosynthesis, increasing its absorption at
the intestinal level. Ezetimibe inhibits intestinal absorption
of cholesterol, increasing its biosynthesis at the hepatic level.
Thus, combining these two mechanisms of action, ezetimibein
combination with a statin can result in an additional reduction
of LDL-C (regardless of the statin used and its dosage) by 15%-
20%.

This drug has been shown to lower cholesterol and CV events
in post-ACS patients (49) and in those with diabetes, (50) with
no further effect on mortality.

Another weapon at our disposal is represented by the
inhibition of proprotein convertase subtilisin-kexin type
9 (PCSK9), which can be obtained through different
mechanisms: starting from the use of monoclonal antibodies,
such as evolocumab and alirocumab, which have been shown
to be effective in reducing CV and primarily ischemic events
(51), up to gene silencing through small interfering RNA, such
as inclisiran, which effectiveness in reducing LDL levels is well
established (52) but studies are still underway to evaluate the
impact of this therapy on CV outcomes.

A further therapeutic option is represented by bempedoic
acid.

This drug acts by inhibiting ATP citrate lyase (ACLY), a cytosolic
enzyme located within the enzymatic cascade leading to
cholesterol synthesis, upstream of 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGCR) (53).

Therefore, although at a different level, bempedoic acid acts
on the same metabolic route of statins. This suggests that this
drug may have pleiotropic effects related to manipulation of the
mevalonic pathway, such as reduction of coenzyme Q production
or prenylation regulatory proteins (small GTPases) (54).
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Potential muscle-related adverse events, such as myalgia and
myopathy should be less common because skeletal muscle
does not contain this enzyme.

In addition to confirm its effectiveness in terms of reducing
LDL-C levels (24% as monotherapy, 18% when in addition
to statin, 38% in combination with ezetimibe), bempedoic
acid has been demonstrated to reduce major adverse
cardiovascular events (55).

Renin-angiotensin-aldosterone system inhibition

In individuals with prior vascular disease (56), high-risk
diabetes (57) or LV dysfunction (58), angiotensin-converting
enzyme (ACE) inhibitors demonstrated interesting outcomes
in terms of mortality, Ml, stroke and HF. Specifically, ramipril
and perindopril have been shown to prevent major CV events
in subjects at high coronary risk (dyslipidemia, diabetic, and
patients with previous vascular events) (58).

Unless there is a contraindication (such as significant renal
impairment, hyperkaliemia, etc.), it is advised that patients
with CCS who also have concomitant hypertension, diabetes,
LV ejection fraction < 40%, or chronic kidney disease should
be treated with ACE inhibitors or angiotensin receptor
blockers (ARBs) in situations of intolerance. ACE inhibitors
have been shown in certain trials to lower CV mortality,
non-fatal MI, stroke, HF, and all-cause death in individuals
with atherosclerosis who do not have reduced LV function
(56) therefore it finds a space, although with weaker
recommendation, even in this class of patients.

Beta -blockers

Beta-blockers are considered the primary choice in long-term
maintenance drug therapy in patients with CAD, based on
positive evidence for improving clinical outcomes in patients
with acute MI (59) or HF (60). However, the use of beta-blocker
in post-infarction period is supported by randomized clinical
trials (61) that have been conducted before the extraordinary
development and spread of percutaneous revascularization
techniques, and before the systematic implementation of
statins and modern antiplatelet therapies. Thus, these are
studies conducted mainly in patients with extensive Mls and
residual ventricular dysfunction.

Since the beginning of the PCl era, the number of patients
with MI and preserved ventricular function increased, and
the value of beta-blocker therapy in this setting has been
questioned. Until recently, only observational studies on this
subject were available, which provided conflicting results (62)
(63).

The randomized evaluation of decreased usage of beta-
blockers after acute myocardial infarction (REDUCE-AMI) trial
is a large, randomized control trial that represents the first
modern study of the benefits of beta-blockers and highlights
the lack of efficacy of this therapy in reducing the risk of
death or re-infarction in Ml subjects treated with coronary
angioplasty who do not show LV dysfunction (64).
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Beta-blockers prevent ventricular remodeling by reducing
myocardial oxygen consumption, protecting against
fearsome arrhythmias particularly in the first 3 months after
reperfusion, and finally reducing anginal episodes. However,
early revascularization, which has become increasingly
common and widespread, has been shown to be equally a
strong inhibitor of sympathetic activity mimicking the action
of beta-blockers.

Considering the actual data from scientific evidence, it seems
reasonable to start treatment with beta-blockers in the most
vulnerable post-MI period, i.e. the first 3 months in all patients
with the possibility of extending this period probably to 1 year,
reserving the long-term treatment only for those patients with
ventricular dysfunction, which are classified as HF, a condition
in which beta blockade should be a cornerstone of treatment.

In the context of CCS, therefore, long-term beta-blocker
use finds its place in controlling anginal symptoms and
preventing CV events in patients with ventricular dysfunction,
as emphasized by European guidelines.

Drugs for the reduction of symptoms and ischemic burden
Nitrates

Nitrates are the most effective drugs to stop angina episodes.
These substances work through two different mechanisms:
firstly, lowering myocardial oxygen consumption through a
decrease in ventricular preload, acting as a venous vasodilator;
secondly, improving oxygen supply inducing coronary
vasodilation through the delivery of nitric oxide (NO), which is
the main endothelial vasodilator. Intact endothelium releases
NO, which activates guanilate cyclase (65). Many pathological
conditions, such as smoking, hypertension, diabetes mellitus,
hypercholesterolemia and HF are linked with endothelial
dysfunction, characterized by a reduced release of NO into the
arterial wall either because of impaired synthesis or excessive
oxidative degradation (66). Nitrates bypass the need for an
intact endothelium by directly stimulating NO production,
mostly at the level of vascular smooth muscle cells. This
action requires the activity of the enzyme glutathione-S-
transferase and the presence of thiol groups, the depletion of
which would underlie the development of habituation during
prolonged therapy (67).

Itis advised to utilize sublingual formulations or sprays for this
purpose, because of their quick start of action and absorption.

In the context of chronic therapy, long-acting nitrates should
be taken into consideration as a second-line treatment
in cases where beta-blocker and/or non-dihydropyridine
calcium channel blockers (non-DHP-CCB) initial therapy is
contraindicated, poorly tolerated, or insufficient to manage
angina symptoms. A nitrate-free or nitrate-low gap of 10-14
hours must be provided since long-acting nitrates lead to
tolerance and loss of effectiveness when administered over a
longer period (68). The most common side effect is headache,
which in 5-10% of cases is of such magnitude that the drug
is discontinued. Nitrate-induced hypotension is common but
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often asymptomatic. Rarely, nitrates cause coronary steal and
myocardial ischemia. When using intermittent nitroglycerin
patch therapy, patients may develop nocturnal anginal
episodes because of nitrate rebound (69).

Also because of the risk of the side effects described
above, nitrates are to be considered as second/third-line
therapy when other treatments are contraindicated, poorly
tolerated or insufficient to control symptoms. In patients
with hypertrophic obstructive cardiomyopathy (70) or those
receiving phosphodiesterase inhibitors concurrently (71),
nitrates are not advised.

Beta-blockers

While the role of beta blockers is questioned for the prevention
of CVevents, theirrole is central in controlling ischemia-related
symptoms, for which they represent a first-line therapy.

The anti-ischemic mechanisms are multiple (72) and mainly
mediated by the reduction of heart rate, which results in a
reduction in myocardial oxygen consumption and an increase
in effective coronary flow through the extension of the
duration of the diastole. Additional auxiliary processes include
the reverse steal phenomenon (73), which increases perfusion
in stenotic disease regions through vasoconstriction of the
epicardial coronaries, and improvement of oxygen release to
the myocardium, by modifying the hemoglobin dissociation
curve (38).

Beta-blockers also increase the tolerability of other drug
classes indicated for angina (e.g., dihydropyridine calcium
channel blockers (DHP-CCB), nitrates, and nicorandil) by
reducing reflex tachycardia.

In patients with a significant decrease in coronary reserve and
elevated heart rate, blood pressure, or both, the therapeutic
effectiveness of this family of medications is particularly
evident in raising the ischemia threshold; in these cases, beta-
blockers are clearly superior to calcium blockers (74).

The association with a DHP-CCB is a valid option in case of lack
of control of the symptoms, as it should be considered from
the beginning in patients with hypertensive phenotype.

The main contraindications to the use of this category of
drugs are represented by bronchial asthma, depressive state
and major bradyarrhythmic disorders.

Calcium channel blockers

Calcium channel blockers are equally effective drugs in
controlling angina symptoms, due to the predominantly
bradycardic action of the nondihydropyridine agents and the
vasodilating action of the dihydropyridines; in both cases, the
result is a reduction in cardiac work and reduction in oxygen
demand (75).

On the other hand, while the anti-ischemic efficacy of these
drugs is well established, there are no data to support a
benefit on mortality or reduction of major cardiovascular
events in patients with CCS (76).

Non-dihydropyridine agents
channel blockers)

(heart rate-lowering calcium

Non-dihydropyridines include the medicines verapamil and
diltiazem. The main issues with these drugs are their less
predictable bradycardic effect compared with beta-blockers
with possible development of marked bradycardia and
conduction defects that may lead to discontinuation of the
drug and their negative inotropic effect, such that their use in
patients with LV dysfunction is detrimental.

No comparison studies between verapamil and diltiazem are
available. The former has indication in a greater spectrum of
anginal pictures (exertional, vasospastic, and unstable angina)
with efficacy in controlling ischemic symptoms shown to be
similar to metoprolol (76). In contrast, the second has a place
in exertional angina, with a lower rate of side effects.

Because of their chronotropic and negative inotropic
actions, these drugs should be used with extreme caution
in combination with beta-blockers to control ischemic
symptoms. If it becomes necessary to use this combination, it
is advisable to prefer the use of diltiazem because of its lower
inotropic and negative chronotropic action (77).

Dihydropyridine agents

In contrast to non-DHP CCBs, dihydropyridines at therapeutic
doses induce a more pronounced reduction in peripheral
resistance and thus in arterial blood pressure, through a
relaxing action of arteriolar smooth muscle. This occurs
without inducing detectable cardiac depression, a result of
their marked selectivity for the vessel musculature. Even if it
has been documented a reduction in myocardial contractility
in vitro, however, the effect found in clinical practice in terms
of inotropism and chronotropism is that of sympathetic
stimulation mediated by baroreceptor reflexes. This cardiac
stimulation makes these drugs less attractive in the setting
of chronic coronary syndrome, as they are associated with
worsening angina to even the onset of myocardial infarction
or sudden death (78).

The solution to this problem is longer-acting and slow-
release preparations, because of their slower onset of effect,
which allows restoration of the baroreflex. Another remedy
is undoubtedly the concomitant administration of a beta-
blocker, often considered in clinical practice to be the winning
combination.

The most widely used and most evidence-based drugs in this
class are nifedipine long-acting and amlodipine.

The former was shown in the ACTION study to be a safe
and effective drug in addition to beta-blocker therapy in
hypertensive anginal patients and to reduce the need for
coronary angiography and CV interventions; however, it was
not effective in reducing CV events and improving survival
(79).

Amlodipine is a very effective and safe antihypertensive and
antianginal drug thanks to its very long half-life. This drug was
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shown to be more effective than atenolol in reducing ischemia
during exercise (80) and in reducing revascularization
operations and hospitalizations due to angina at 24 months in
the CAMELOT trial (81).

In clinical practice, the role of calcium channel blockers in
therapy for the control of ischemic symptoms is limited to
vasospastic angina and as an alternative to beta-blockers
(class 1A). The combination with the latter remains a valid
option in case of lack of control of symptoms (class IlaC)
or even as initial first-line therapy (class IlaB), considering
the greater risk of hypotension and bradycardia, the latter
reduced by preferring association with DHP-CCBs. Overall, the
2019 ESC guidelines provide weak indications on this class of
drugs supported by dated studies.

Evaluation of borderline stenoses

When performing coronary angiography, it can be tricky to
differentiate subcritical lesions and critical lesions, which need
to be treated with PCI. In borderline situations, it is possible
to apply functional tools to resolve doubts, overcoming the
limits of mere angiography.

Themaindiagnostictoolswe can performinthe catheterization
laboratory are coronary intravascular imaging (intravascular
ultrasound, IVUS and optical coherence tomography, OCT),
and coronary physiology (istantaneous wave-free ratio, iFR
and FFR).

Coronary Intravascular Imaging

The main methods for coronary intravascular imaging are
IVUS and OCT. Both methods consist of using a small probe (in
IVUS) or a small tomograph (in OCT), placed on a guidewire
that has been previously advanced across the coronary area
of interest. These diagnostic tools are useful to determine
significance of a coronary lesion: left main lesions with
minimum lumen area (MLA) >6.0 mm? by IVUS or >5.4 mm?
by OCT do not require revascularization (however, assessment
of ostial left main lesions can be challenging with OCT and
there are no outcomes data with OCT of the left main). In
non-left main lesions, the MLA cut off are 4 mm2 by IVUS,
while regarding OCT, no specific cut-off has been established.
However, in these cases, the use of intravascular imaging
for determining their hemodynamic severity and need for
revascularization has less evidence. Moreover, these methods
allow to evaluate angiographically ambiguous lesions, such as
suspected dissection, thrombus, and calcified nodule.

As for the main differences between those two processes,
OCT has 10-fold higher resolution (10-15 um compared with
100 um for IVUS), but requires blood clearing, which is usually
achieved by contrast injection and has low penetration. OCT
works better in detecting thrombus, dissection, and assessing
plaque morphology. The choice between the methods
depends both on the differential diagnosis and the patient’s
features (acute kidney injury and chronic kidney disease, e.g.).
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Coronary physiology

The invasive physiological assessment of intermediate
coronary artery stenosis with FFR has been shown to represent
a valid method for severity evaluation (82). These methods
allow to assess the hemodynamic significance of intermediate
lesions by measuring the pressure drop distally to the lesion.
It can be performed in a resting situation, by iFR and several
other nonhyperemic indices that have been developed (such
as the resting full cycle ratio (RFR), the diastolic hyperemia-
free ratio (DFR), and the diastolic pressure ratio (DPR), and in
hyperemic situations, by using the adenosine FFR.

Several studies have shown that PCl of lesions with FFR
>0.80 or lesions with non-hyperemic indices that do not
show ischemia such iFR >0.89 can be safely deferred without
increasing the incidence of adverse outcomes. This applies to
left main lesions too (83).

Two main trials, the FAME and FAME Il trials have demonstrated
the clinical benefits of FFR-guided PCl in patients with stable
CAD compared to angiographically guided PCl and optimized
medical therapy alone, respectively (84, 85).

Useful information can be detected when a pullback
measurement is performed in the target vessel. This allows
to differentiate between focal or diffuse CAD, which are
associated with different clinical scenarios. The hypothesis,
currently under investigation, is that focal stenoses are
associated with a more vulnerable plaque (mainly because
of turbulent flow and shear-stress forces), being more prone
to cause acute clinical events. These lesions would most likely
benefit from a PCl. On the other hand, a diffuse atherosclerotic
pattern consists more of chronic, stable plaques, with less
lipid pools and necrotic cores, suggesting a less aggressive
condition, less prone to generate ACS.

Advanced techniques of plaque characterization may
contribute to recognize which lesions present instability
features that could determine a higher risk of acute events
in patients with stable CAD. Invasive physiology assessment
and intravascular imaging may help to identify which patients
might obtain more clinical benefit from PCl and play an
essential role in PCl optimization (86).

Regarding FFR evaluation for PCl optimization, the FFR
SEARCH and TARGET-FFR studies highlighted that more than
half of patients presented a suboptimal post-PCl FFR (FFR <
0.90) (87, 88). Other studies showed that lower FFR values after
PCl were associated with increased adverse clinical events (89)
and higher post-PCI FFR values were related to a higher rate of
angina symptoms relief and a lower number of clinical events
(90). One of the described mechanisms leading to lower post-
PCI FFR values was the presence of residual diffuse coronary
atherosclerosis, which may not be detected on coronary
angiography (91).



Heart, Vessels and Transplantation 2024; 8:391-410
CCS management - gaps in evidence

Mafrica et al.

Management of chronic total occlusions

A CTO is defined as a completely occluded artery with no
anterograde flow (TIMI 0) with an estimated time > 3 months.
When approaching a CTO, planning is mandatory. The key
indication to perform a CTO PCl is ischemic symptom relief
and quality of life improvement (92).

Since performing a CTO-PCl could be very time-consuming,
requiring high contrast and radiation doses, it is mandatory
to consider several aspects. A CCTA can be very useful for
evaluating the CTO segment and planning, helping to choose
the best angiographic projections. Several CCTA-based
score have been created (mainly CT-RECTOR and the Korean
Multicenter CTO CT Registry score), mostly based on the
number of the lesions and their length, the bending angle,
the entity of calcification and the duration of the CTO (93, 94).

The other aspect to assess is the myocardial viability, which
can be evaluated by integrating different tests, such as ECG
and echocardiography, both at rest and during stress, and
cardiac magnetic resonance imaging (CMR). Once obtained
a complete picture, assessed the risks and benefits and the
patient’s preferences, CTO PCl can be performed.

CTO PCI has some typical features that make it a technically
risky procedure: First, dual (or sometimes triple) arterial
access is commonly required to allow dual angiography. The
use of combinations of bi-femoral, femoral-radial, or bi-radial
accesses will depend on the team's preference, the availability
of the needed materials, the patient's characteristics, the
procedure, and the anatomy (95). The vessel engagement
is obtained by using a larger profile catheter (7 or 8 Fr) to
guarantee a better support. A CTO PCl can be performed both
through an anterograde and through retrograde approaches.
The choice is based on the length, features, and morphology
of the plaque and the collateral vessels.

To make better planning of CTOs' treatment, the “hybrid
algorithm” (96) has been developed, which allowed to
maximize success and reduce the time of the procedure,
radiation doses and contrast erogation. The core of this
algorithm is the rapid identification of the inapplicability of
one strategy followed by immediate exchange for another
type of technique.

The algorithm or hybrid approach consists of two paths
(anterograde and retrograde), and two ways of crossing CTO:
through true lumen or the subintimal space (dissection and
then re-entry technique). The definition of which path to use
and how to cross the occlusion is determined by 4 factors:

- proximal cap anatomy
- occlusion length

- presence of a disease-free zone for reentry in the distal
vessel

- presence of usable collaterals.

For the anterograde dissection and reentry technique,
dissection and reentry are related to the intentional and
controlled use of the subintimal space to cross the occlusion.
This should be considered when CTO extension is >2 cm.
Strategies to induce limited and controlled dissections seem
to have better short- and long-term results compared to
those that cause extensive dissections (97, 98). Controlled
dissection is achieved with dedicated micro catheters that
create a limited dissection plane. The reentry is obtained with
the help of a specific balloon. This is related to lower rates of
major cardiovascular events (MACE) (4.3 vs. 15.4%, p = 0.02)
and target revascularization (3.1 vs. 15.5%, p = 0.02) when
compared to older techniques (99).

The retrograde approach to CTO crossing can significantly
increase success rates, particularly in more complex lesions.
This is the first line strategy when the proximal cap is
ambiguous, the antegrade reentry zone is not adequate or
the distal cap ends at a bifurcation. Retrograde crossing by
grafts (especially venous grafts) and by septal collaterals are
preferred to epicardial collaterals because they are easier to
engage and cross and, mainly, present lower risk of tamponade
in case of perforation (100, 101).

The guidewire proceeds to the distal region of the occlusion
passing through a collateral. From this point, the CTO is
crossed in the opposite direction to the blood flow (102). The
rational of retrograde technique is that crossing by the true
lumen is easier, because the distal lumen tends to have more
favorable (softer, pencil-like, less ambiguous) characteristics
than the proximal one. If true lumen crossing is not available,
dissection and re-entry techniques, other than anterograde
techniques, may be applied.

Performing a complex procedure involves a significant
delivery of contrast and radiation. Protocols dedicated to
CTO interventions, more modern equipment, and operators’
expertise significantly impacts these concerns (103, 104). The
decision to interrupt the procedure should be evaluated case
by case. There are not guidelines suggesting when to stop
the intervention. The final decision depends on the operator’s
evaluation and must consider factors such as contrast and
radiation erogation and risk/benefit ratio.

Intra- and post-hospital care should be the same as any other
complex PCl, considering the complications that occurred
during the procedure and the amounts of contrast and
radiation used.

Successful CTO recanalization is associated with clinical
benefits, such as improved angina, quality of life and physical
limitation, improved ventricular function, decreased mortality
and incidence of clinical events when compared to patients
whose recanalization was not successful.

Sapontis et al. (105) evaluated the quality of life of 1,000
patients submitted to CTO PCl. One-month follow-up showed
a significant improvement in all domains of the Seattle angina
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questionnaire (SAQ), Rose dyspnea scale and PHQ-8 scores.
Several observational studies show a relationship of CTO
recanalization in the reduction of clinical events. Jang et al.
(106) compared CTO revascularization (by PCl or by surgery)
with drug therapy in 738 patients with well-developed
collaterals. The combined prognostic analysis at 42 months
showed a 73% reduction in the incidence of cardiac death
(108).

The Italian CTO Registry (107) assessed the clinical outcomes
of 1,777 patients, showing lower cardiac mortality (1.4, 4.7
and 6.3%, p<0.001) and MACE at one year (2.6, 8.2 and 6.9%,
p<0.001) in patients treated with PClI when compared to
clinical treatment or surgery. In this study, the group receiving
optimized medical treatment presented higher rates of MACE,
death, and re-hospitalization (107).

When to perform PCl and when to choose medical
therapy? Pitfalls of ISCHEMIA trial:

he ISCHEMIA trial, whose results were published in 2020,
randomized more than five thousand patients with moderate
or severe ischemia on functional testing to an initial invasive
(coronary angiography and eventual revascularization) vs.
an initial conservative strategy (optimal medical therapy
alone) in roughly equal proportions. Myocardial ischemia
was proven in 75.5% with stress imaging methods (nuclear,
echocardiography and CMR) and in 24.5% with an exercise
tolerance test. After ischemia was confirmed, CCTA was
performed to rule out left main stenosis or non-obstructive
CAD (108, 109). After a median follow-up of 3.2 years, there
was no significant difference between the two strategies
in the primary endpoint, a composite of cardiac death, Ml
and hospitalization for unstable angina, HF or resuscitated
cardiac arrest (110). Unlike other trials, the need for
revascularization was left out of the primary outcome, as the
trial tested the initial strategy, rather than clinical benefit of
revascularization itself. Within the conservative arm, 26% of
patients eventually underwent coronary angiography (“cross-
over”), 21% revascularization and 15% were revascularized
before the occurrence of an event. Furthermore, 26% of
the revascularizations in the invasive arm were performed
surgically. These results have been interpreted as there is not a
clear advantage of an early invasive strategy for the reduction
of major clinical endpoints in patients with CCS. Nevertheless,
the invasive arm reported significantly better prognosis
Quoad valetudinem than the conservative arm, particularly in
symptomatic patients at the time of randomization.

Some critics have been moved to this trial. Several groups of
patients have been excluded:

. CCS and left stenosis stenosis;
«  CCS with no proof of myocardial ischemia;

«  CCS with very severe ischemia (e.g. fall in blood pressure,
very limited functional capacity) were not likely enrolled
by trials;
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«  CCS with an unacceptable degree of angina;

« CCSand LV ejection fraction < 35%;

. CCSand HF New York Heart Association (NYHA) IlI/1V;
«  CCS and valvular disease.

The study was also characterized by a slow recruitment and a
lower-than-expected incidence of events.

This is usually related to a selection bias that overshadows
the results. In fact, the initial sample size calculated that 8000
patients were required to reach the primary endpoint but
had to be reduced to almost 5000 due to difficulties with
recruitment.

Furthermore, several critical variables were not equally
distributed between the groups, in favor of less risk within the
non-invasive arm.

Infact, theinvasivearmhad numerically more HF (4.3%vs. 3.6%,
p=0.207), stroke (3.2% vs. 2.6%, p=0.219), cerebrovascular
disease (7.8% vs. 6.8%, p=0.194), PAD (4.5% vs. 3.4%, p=0.049)
and was characterized by more symptomatic patients
(evaluated by recurrent angina at randomization 21.7% vs.
18.9%, p=0.049). This aspect corroborates the hypothesis of
the presence of selection bias and has obviously a potential
impact on the outcome, disadvantaging the invasive arm.

The most important argument is about the evolution of the
event-curves and is related to the incidence of periprocedural
MI. These events, in fact, show the higher price paid earlier
by the invasive strategy, and, on the other hand, promotes
the conservative approach. The slope of the curve flattens in
the invasive arm compared with the conservative arm, and
the curves intersect at approximately 2 years of follow-up,
with continued divergence to the 4th year of follow-up when
the differences in the primary outcome become statistically
significant: 13.3% vs. 15.5% in the invasive and conservative
arms, respectively. However, the final report is considered
non-significant. This cannot be justified by the number of
events. The most plausible explanation for the final lack
of statistical significance seems to be the reduction of the
sample size. To explain this, we must consider that the primary
endpoint is reported as Cox regression, and the median
follow-up is 3.2 years (the study was planned for 4 years).
Therefore, the primary endpoint in ISCHEMIA reports just a
Kaplan-Meier estimate, instead of a truncated follow-up, for
all patients. Because of this, the appendix of the hazard rates
of all endpoints continues diverging in favor of the invasive
strategy.

In conclusion, a larger number of patients and a longer follow-
up are needed to report a statistically significant difference in
favor of the invasive strategy. Even considering the importance
of the periprocedural Ml, the invasive management confers an
advantage for the event-free survivors over those treated with
a conservative strategy.
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Gaps in evidence and future directions

One of the main issues with CCS is the lack of actual consensus
between specialists in terms of diagnosis, management and
long-term follow up. These problems derive also from a gap
between American and European guidelines, which have been
lastly released respectively in 2023 and 2019, with contents
differing not only in terms of therapeutic management, but
also in the diagnostic process.

The timing gap between the latest ESC guidelines for acute
coronary syndromes (2023) and CCS (2019) creates a further
difficulty for management, because those patients who
experience an ACS are classified as CCS following the latest
ESC guidelines.

As we already discussed, there is not a clear consensus for
the type and duration of antiplatelet therapy. This happens
because the patients who are classified as CCS representa wide
spectrum, with different clinical features (e.g., patients with
previous STEMI vs. patients who undergo elective angioplasty
for stable angina a positive screening test for CAD); but despite
that, the medical therapy is not differentiated. The latest
guidelines from ESC for ACS discuss the possibility of reducing
the duration time of DAPT in patients with lower thrombotic
risk. This is also present in 2023 ACC/AHA guidelines for CCS
but not in ESC guidelines, which are not updated to the latest
ACS guidelines.

As we already discussed, the use of beta-blockers represents
one of the most important points in medical therapy for CCS
patients. On the other hand, ACC/AHA does not recommend
the use of beta-blockers to improve outcomes in patients
with CCS in the absence of Ml in the past year, left ventricular
ejection fraction <50%, or another primary indication for
beta-blocker therapy. Meanwhile, CCB are considered as a
first-line antianginal therapy, while in ESC guidelines these
medications are poorly represented if compared with other
therapeutic solutions, as we discussed before.

Another important point raised by ACC/AHA guidelines is
represented by sodium glucose cotransporter 2 inhibitors
(SGLT2i), which have been recently added in the guideline-
directed medical therapy for HF, and glucagon-like peptide-1
receptor agonists (GLP1ra), which are suggested for those
patients with type 2 diabetes mellitus and high risk or
documented atherosclerotic CV disease (ASCVD) (111). These
categories of medications are not included in ESC guidelines
for CCS.

Another crucial point in CCS is long-term follow up, especially
in the functional and anatomic assessment of the coronary
blood flow. In fact, ESC guidelines are not very clear about
testing in patients known for CAD, and do not differentiate the
follow-up times and modalities between the six phenotypes
included in the CCS spectrum. The 2019 ESC guidelines
suggest performing early echocardiography at rest after
revascularization, which must be repeated periodically (every

3-5 years). Stress tests for inducible ischemia are indicated
early after revascularization (1-3 months), and“as necessary”in
those patients who are symptomatic even after optimization
of medical therapy, or periodically (every 3-5 years) to reassess
ischemia. Invasive coronary angiography IC) is indicated in
those patients known for CAD which are considered as “high
risk”

On the other hand, ACC/AHA guidelines suggest deferring
testing after the optimization of medical therapy, and do not
recommend routine periodic anatomic or ischemic testing
without a change in clinical or functional status in patients
known with CCS.

Invasive coronary angiography is indicated in those patients
with CCS and a change in symptoms or functional capacity
that persists despite guideline directed medical therapy (Class
| LOE B-R), regardless of the ASCVD risk.

On the other hand, ESC guidelines propose performing
invasive coronary angiography in those patients who are
known for CCS which are considered as “high risk profile’,
or those patients known as CCS, which result positive for
inducible ischemia during a stress test.

The point is that ESC guidelines tend to be less prone to
perform coronary angiography if the patient does not have
a high-risk profile, but at the same time, there is not a clear
definition for “high risk CAD". Instead, ACC/AHA has defined
in 2023 guidelines with more accuracy the potential features
associated with a higher risk of MACE among patients
with CCS and proposed a definition of “very-high risk” of
future ASCVD events. A “very-high risk” patient is defined as
someone who experienced multiple ASCVD events, or one
major ASCVD event (recent ACS, MI, ischemic stroke, PAD) in
addition to at least two high-risk conditions (age >65 years,
familial hypercholesterolemia, history of previous coronary
bypass surgery or PCl, diabetes, hypertension, chronic kidney
disease, smoking, persistently high levels of LDL-C (>100 mg/
dL) despite maximally tolerated statin therapy and ezetimibe,
history of congestive HF).

Conclusions

CCS represents a wide spectrum of diseases, which
consequently incorporates different kind of patients. However,
different clinical situations are still classified as one, even if
they have significant differences. The indications for medical
therapy, revascularization and long-term management should
be differentiated based on the features of the patients.

We need for the new ESC guidelines for CCS to clarify the risk
profile of the patients and to precisely direct the patients
to specific therapeutic paths and follow-ups. Furthermore,
we think that it would be more appropriate to differentiate
the six phenotypes described by ESC guidelines in terms of
therapeutic management and follow-up.
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