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Although current guidelines on the management of stable coronary artery disease acknowledge that multiple
mechanisms may precipitate myocardial ischemia, recommended diagnostic, prognostic and therapeutic algo-
rithms are still focused on obstructive epicardial atherosclerotic lesions, and little progress has been made in
identifying management strategies for non-atherosclerotic causes of myocardial ischemia. The purpose of this
consensus paper is three-fold: 1) to marshal scientific evidence that obstructive atherosclerosis can co-exist
with other mechanisms of ischemic heart disease (IHD); 2) to explore how the awareness of multiple precipitat-
ingmechanisms could impact on pre-test probability, provocative test results and treatment strategies; and 3) to
stimulate a more comprehensive approach to chronic myocardial ischemic syndromes, consistent with the new
understanding of this condition.

© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. Introduction

In recent years, conceptual models of ischemic heart disease (IHD)
have continued to evolve. The hypothesis of obstructive atherosclerotic
coronary artery disease (CAD) as the prevalent if not the only cause of
myocardial ischemia is now being reconsidered, acknowledging that
othermechanismsmay precipitatemyocardial ischemia, alone or in com-
bination. This newunderstanding ofmyocardial ischemia as amultifacto-
rial condition, is based on a large body of scientific evidence proving that
obstructive coronary atherosclerosis is not consistently associated with
myocardial ischemia and, conversely, that myocardial ischemia often oc-
curs in the absence of obstructive atherosclerosis [1–6].
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In addition to vascularmechanisms, non-vascular factors, including ab-
normalities in cardiac energy metabolism and changes in blood rheology
secondary toplatelet activation and/or inflammationwill probably be con-
sidered in the near future among themechanisms responsible formyocar-
dial ischemic syndromes [7–9]. These concepts underscore the need for
embracing a more inclusive understanding of myocardial ischemic syn-
dromes than the traditional, “stenosis-centric” approach would allow.

This document will discuss the need and the implications of a para-
digm shift in current clinical practice, consistent with the new under-
standing of the pathogenesis of myocardial ischemic syndromes.

2. The impact of multiple mechanisms of ischemia on diagnostic
approaches

Current management is focused on the “epicardial coronary
obstruction-first” approach, assuming that obstructive atherosclerosis
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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remains the primary and proximate cause of myocardial ischemia, and
that, in the presence of obstructive atherosclerosis, there is no need to
search for other possible alternative or coexisting mechanisms of ische-
mia. Thus, despite guideline recommendations, contemporary practice
remains largely centered on the management of obstructive epicardial
CAD, with the therapeutic goal of removing flow-limiting coronary ste-
noses [10].

In the future, the identification of the precipitating mechanisms
(s) of myocardial ischemia in the individual patient and the prevalence
of non-obstructive mechanisms in patients with or without obstructive
coronary atherosclerosis is expected to become a key step in the man-
agement of patients with chronic ischemic syndromes.

3. The prevalence of non-obstructivemechanisms in angina patients

Several studies have reported an inconsistent association of athero-
sclerotic obstructions with typical angina and/or documented myocar-
dial ischemia (Table 1). In a study of 163 angina patients, only 24%
presented with obstructive CAD [11]. Of note, 15 of the 39 patients
with flow-limiting lesions presented with “normal” stress test,
confirming the elusive link between obstructive lesions and inducible
myocardial ischemia. In the FAME 2 trial, that included 1220 patients,
332 subjects (27%)with angina and/or documented ischemia had a frac-
tional flow reserve [FFR] N 0.80 [12]. In the CORMICA Trial, obstructive
epicardial disease was present in 210 subjects of 391 (53.7%) [13].

In the American College of Cardiology National Cardiovascular Data
Registry, only half the patients with a positive test had a stenosis N50%
at angiography [5]. Similarly, in the CONFIRM Registry, the prevalence
of stenoses N50% was 50% in male patients, and 30% in female patients,
with lower figures in younger subjects [6]. In a large registry of 375,886
patients with stable angina pectoris, 51% of women and 33% ofmen had
no hemodynamically significant coronary stenosis [14].

According to the 2019 ESC Guidelines on Chronic Coronary Syn-
dromes, the pre-test probability of obstructive coronary artery disease
is 32% in male patients with typical angina, age 50–59, and 13% in fe-
male patients with typical angina, age 50–59 [10].

Based on these datawe can conclude that obstructive atherosclerotic
lesions, far from being consistently associated with myocardial ische-
mia, are actually absent inmore than half of patients presentingwith typ-
ical angina and/or myocardial ischemia. In addition, the persistence of
angina in 20–40% of patients, after “successful” revascularization, sug-
gests that othermechanismsmay contribute to precipitation ofmyocar-
dial ischemia even in patients with obstructive atherosclerosis [15].

4. Sensitivity and specificity of provocative tests

The lack of a consistent association between coronary stenosis and
ischemic syndromes, imposes to reconsider current criteria for the as-
sessment of sensitivity and specificity of diagnostic tests. Traditionally
assessment of sensitivity/specificity was based on presence or absence
Table 1
Prevalence of stenosis in recent angina studies.

Total number
of
Pts

Pts with
significant
stenosis

Pts without a
significant
stenosis

RCT
FAME 2 [12] 1220 888 332 (27%)
PROMISE [28] 4996 549 4447 (90%)
SCOT-HEART
[29]

1778 452 1326 (75%)

ORBITA [30] 200 143 57 (29%)
CORMICA [13] 391 206 151 (39%)

Registries
Lin F [11] 163 40 123 (76%)
Patel MR [5] 398.978 149,739 249.239 (62%)
of a significant stenosis rather than on presence or absence of myocar-
dial ischemia. The possibility that myocardial ischemia could be absent
in patients with a “significant” stenosis or conversely that ischemia
can bepresent in the absence of a coronary stenosis, wasnot considered.

Thus, a negative stress test in the presence of a stenosis is still diag-
nosed as a “false negative” and, a positive test in a patient without a sig-
nificant stenosis is diagnosed as a “false positive”. This construct appears
overly simplistic and no longer tenable. Positivity or negativity of a pro-
vocative test should be assessed only on the presence or absence of
symptoms and signs of myocardial ischemia, being aware that trigger-
ing ischemia will strictly depend from the correspondence of the se-
lected stressor (exercise, dobutamine, dypiridamole, adenosine,
acetylcholine, etc.) with the mechanism responsible of ischemia. Until
this approach will be more widely adopted, the risk for patients is that
myocardial ischemia can be overlooked because of the absence of a ste-
noses or potentially over-diagnosed because of the presence of a coro-
nary stenosis. In the first case, the patient will be denied appropriate
treatment, in the second case, he might receive inappropriate proce-
dures. The main limitation of this approach is that we lack reliable trig-
gers for many of the mechanisms that can induce myocardial ischemia.
Exercise and dobutamine are useful tools to unravel a flow limiting ste-
nosis, dypiridamole and adenosine can identify an impaired microvas-
cular dilating capability, acetylcholine and ergonovine can trigger a
vasospasm, butwehave no tool to asses reliably coronary inflammation,
primary metabolic derangements, etc.

The complex and dynamic nature of myocardial ischemia needs to
be further underscored. Pathophysiologic mechanisms interact through
intricate feedback pathways and probably in a patient-specific manner.
For instance, microvascular dysfunction and inflammation may interact
in some, but not all patients. Similarly, the effect of endothelial dysfunc-
tion on the coronary microcirculation is likely to be complex and vari-
able according to sex, while coronary spasm is likely to be modulated
by endothelial function, inflammation and components of the cytoskel-
eton [16,17].

In an “ischemia-centered” diagnostic strategy, the reproduction of
typical symptoms and/or transient diagnostic ECG changes, and/or re-
gional wall dysfunction and/or perfusion abnormalities should be ac-
cepted as evidence of myocardial ischemia, irrespective of coronary
anatomy and even if the precipitating mechanism is not clearly identi-
fied. In addition, the diagnosis of myocardial ischemia should not be de-
nied because of “negative” tests prior to consider whether the
appropriate ischemic stressor has been administered.

A list ofmechanismsproposed as causes ofmyocardial ischemia is pre-
sented in Fig. 1, in an arbitrary order from left to right, including those per-
ceived as definite (microvascular dysfunction, spasm, stenosis), probable
(endothelial dysfunction, platelet dysfunction,microembolization), possi-
ble (oxygen transport, energy substrates, mitochondrial dysfunction, ab-
errant origin). It is assumed that these mechanisms may precipitate
angina and/or ischemia in isolated fashion or in combination.

At the current state of knowledge, we have limited capacity of identi-
fying the causing or prevailingmechanism in the individual patient. Com-
mon hints include the presence of symptoms and/or signs of ischemia at
rest in patients with vasospastic angina and the lack of clinical benefit
from PCI in patients with microvascular dysfunction. However, this is in
clear contrast with the variety of mechanisms listed above. Until further
evidence becomes available, the best way of understanding the underly-
ingmechanism in patients suffering chronic ischemic syndromes appears
intersection of information from a carefully takenmedical history and the
results of more than one provocative testing when feasible. When suffi-
cient datawill be available, the construction of algorithms thatwill predict
the underlying mechanism in advance can be aspired.

5. Risk assessment in chronic coronary syndromes

Prognosis of patients with myocardial ischemic syndromes is com-
monly considered to be dictated by severity and extension of coronary
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Fig. 1. Mechanisms of myocardial ischemia 1.
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atherosclerosis. Recent reports challenge this assumption [18,19]. In the
Danish registry on Ischemic Heart Disease, patients with angina and
normal coronary arteries had an 85% increased risk of major adverse
cardiovascular events (MACE) (cardiovascular mortality, hospitaliza-
tion for MI, heart failure, or stroke) and a 52% increased risk of all-
cause mortality, with no difference between men and women, com-
pared to the control population. Interestingly enough, in this Registry,
patients with stable angina frequently had non-obstructive CAD: 65%
of women and 32% of men, with an increasing trend over time.

6. From a hierarchical to a tailored approach in drug therapy

The new understanding of myocardial ischemia, call for a re-
evaluation of current management protocols. The identification of the
mechanism(s) that induce ischemia in each patient appears of para-
mount importance for a tailored therapeutic approach. However, 2019
ESC Guidelines still propose a stepwise approach, identifying first line,
second line, third line, and even fourth line antianginal agents [10]. To
further complicate medical decisions, guidelines acknowledge that
there are circumstances where the second line agents can become first
line [10].

This hierarchical or stepped-care approach has been recently chal-
lenged, based on a number of considerations [20,21]:

• Absence of any effort to match the antianginal agent with the precip-
itating mechanism of myocardial ischemia.

• Limited if any consideration for comorbidities that can interfere or
contraindicate some antianginal agents: hypertension, diabetes, pe-
ripheral vascular disease, depression, etc.

• Lack of evidence to support recommendations. In a recent analysis of
trials published over the last 50 years, no superiority emerged for any
of the agents listed as fist line versus those listed as second line [21]

Beta-blockers and ivabradine are useful in the presence of flow-
limiting obstructions, but they are ineffective when ischemia is caused
by epicardial or microvascular spasm. Organic nitrates, acting as an ex-
ogenous substrate for nitric oxide (NO), are probably usefulwhen endo-
thelial dysfunction disrupts the endothelial L-arginine/NO pathway,
resulting in decreased availability of bioactive NO with reduced
endothelium-dependent relaxation, but induce tolerance with loss of
efficacy [22]. When epicardial coronary or microvascular spasm is doc-
umented, calcium channel blockers should be the first choice [23]. A
metabolic approach with trimetazidine or ranolazine could be the best
option, in most patients, including those in whom the mechanism re-
sponsible for angina and ischemia is not clearly identified [24].

7. Indications for myocardial revascularization

Numerous trials and several metanalyses, have failed to prove a
prognostic benefit of PCI on top of medical therapy. These conclusions
have been confirmed by the recently published ISCHEMIA trial [25].
Amongpatientswith stable coronary artery disease andmoderate to se-
vere ischemia, an initial invasive strategy did not reduce the risk of is-
chemic cardiovascular events or death over a median of 3.2 years, as
compared to an initial conservative strategy. Similar results have been
reported in a companion study including patients at higher risk of se-
vere adverse events associated with advanced kidney disease [26].The
ISCHEMIATrial did not include patientswith leftmain disease, therefore
the results do not apply to this high risk subgroup [26].

A better understanding of the mechanisms precipitating angina and
ischemia in each patient has the potential to limit the number of unnec-
essary procedures, and, consequently, to improve the global cost-
benefit ratio of PCI. The persistence of angina and/or ischemia after
PCI is commonly attributed to technical factors such as incomplete re-
vascularization and/or in-stent restenosis [27]. However, a recent pro-
spective study, in which care was taken to exclude confounding
factors, confirmed that “successful” uncomplicated PCI leaves 30% of pa-
tients with symptoms and signs of myocardial ischemia [15]. Unneces-
sary procedures could be avoided if alternative mechanisms were
investigated prior to PCI, not only in patients without significant steno-
sis at angiography [13], but also in patients with a significant stenosis.

8. Conclusions

The purpose of this document is to stimulate changes in cardiology
practice consistent with the multifactorial nature of myocardial ische-
mic syndromes.

Available evidence strongly encourage to migrate away from the
monolithic chronic coronary “disease” to the broader and more
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inclusive construct of “myocardial ischemic syndromes” that recognizes
the importance of many underlying causes. This new perception of
myocardial ischemia as a multifactorial condition is expected to down-
grade the role of coronary stenosis, and in greater attention to alterna-
tive mechanisms of ischemia, including epicardial spasm, coronary
microvascular dysfunction, and alterations in cardiac energy metabo-
lism. Thus, we need to re-orient our thinking away from amodel of epi-
cardial flow-limiting coronary obstructions as the sine qua non of
angina and ischemia and embrace a more comprehensive paradigm, in-
corporating other ischemia-causing mechanisms.
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