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Abstract

Acute coronary syndrome (ACS) results from acute obstruction of a coronary artery which is responsible for a high mortality rate
worldwide. The consequences depend on the degree and location of the obstruction and vary from unstable angina to non-ST
segment elevation myocardial infarction (NSTEMI), ST-segment elevation myocardial infarction, and sudden cardiac death. The
symptoms are similar in each of these syndromes (except for sudden death), involving chest discomfort with or without dyspnea,
nausea, and diaphoresis. The diagnosis is possible; thanks to the electrocardiogram that is essential and the existence or absence of
serological markers. In addition to these initial resources, other diagnostic methods are noteworthy, such as stress electrocardiogram,
echocardiography, nuclear cardiology, computed tomography angiography, and exercise test. Other necessary measures are the
stratification of the identified cases according to the degree of risk, availability of a coronary intensive care unit, and the establishment
of the opportune treatment that consists of oxygen therapy, analgesia, sedation, antiplatelet, anticoagulants, nitrates, beta-blockers
drugs, reperfusion of emergency with fibrinolytic drugs, percutaneous intervention or, occasionally, myocardial revascularization
surgery to provide the recovery and consequently a better quality of life for the patient. This brief review aims to discuss the available
diagnostic and therapeutic resources and the appropriate risk stratification for adequate care for the victims of acute coronary heart

disease promptly in a hospital setting.
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1. Background

In Brazil, it is estimated that 300000 to 400000 cases of
infarction occur annually, and that of every 5 to 7 cases,
one death occurs. Thus, despite the numerous therapeutic
and diagnostic resources obtained in recent decades, ACS
is still one of the most important causes of morbidity and
mortality in our country.'

Most deaths from AMI worldwide occur in the first
hours of the disease onset, with 40% to 65% of cases in
the first hour and approximately 80% in the first 24 hours.
Thus, patients with ACS must be treated promptly.? A large
part of deaths could have been prevented if they had been
taken in due time to a hospital unit that adequately would
manage this dreadful event through a specialized team
that appropriates diagnostic, therapeutic resources, and
risk classification so that the propaedeutics is adequate to
stabilize these conditions which are often challenging.’

The obstruction and consequent reduction in coronary

flow are commonly due to the atheroma physical
disruption with the posterior constitution of obliterating
clots. Coronary vasoconstriction accompanied by
microembolization may also be involved in this process.
The clinical presentation of coronary artery disease (CAD)
can be identified in its chronic form, as stable angina, and
in the acute form, as acute coronary syndromes (ACSs),
with or without ST-segment elevation.?

A detailed interview associated with clinical consultation
performs a key function in the risk classification of
individuals who have unstable myocardial ischemic
syndromes without ST-segment elevation.! The risk
stratification approach has been widely utilized, and
advances have occurred in accordance with the standards
suggested by several scholars on the subject, mainly with
regard to the quantification of troponin, allowing for
efficient classification, especially of those patients with
the insufficient arterial flow.> This brief review aims to

Copyright © 2021 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cited.


https://orcid.org/0000-0003-2435-7576
https://orcid.org/0000-0001-7781-692X
http://www.jhpr.ir
https://doi.org/10.34172/hpr.2021.01
http://crossmark.crossref.org/dialog/?doi=10.34172/hpr.2021.01&domain=pdf&date_stamp=2021-02-13

Tolentino Jdnior et al

discuss the resources currently available for adequate care
for victims of acute coronary heart disease in a timely
manner, with crucial treatment as well as invasive and non-
invasive diagnostic methods that make all the differences
in reducing mortality and risks arising from these morbid
conditions.

2. The Use of Electrocardiographic Resources
Regardless of the lesser precision to distinguish acute
myocardial infarction (AMI) in its inner third extending
across the entire thickness of the endocardial wall in AMI
(through the Q wave), the electrocardiogram is essential
for the diagnosis of patients with unstable myocardial
ischemic syndromes non-ST segment elevation.’
Momentary changes that occur in the aforementioned
syndrome, such as inversion of the T wave, constitute
relevant predictive indicators for the occurrence of early
mortality or obstruction of arterial circulation. Generally,
when the result of the electrocardiographic examination
indicates no changes, this fact should not eliminate the
investigation of unstable myocardial ischemic syndromes
without ST-segment elevation.’

3. Diagnostic Resources of Biological and Chemical
Markers of Myocardial Necrosis

New biological and chemical markers are essential
instruments in the investigation and prediction of
individual cases who present unstable myocardial ischemic
syndromes without ST-segment elevation.*

These markers must be interpreted in a way associated
with the individual’s health condition and the result of the
electrocardiogram since several non-coronary situations
can lead to elevation.®

Levels of necrosis
transluminal

markers after percutaneous
coronary angioplasty or myocardial
revascularization surgery indicate AMI when the increase
is 5 to 10 times greater than the reference value (post-
PCI and post-CRM, respectively) in conjunction with
symptoms, electrocardiogram changes, and imaging tests.”
Some muscle fiber proteins and cardiac enzymes are
released in the myocardial injury due to their high negative
scores suggestive after the sixth hour of symptoms, which
can be considered in early discharge protocols in the
emergency room.°

The stress electrocardiogram, also known as an exercise
stress test, aims to recognize possible partial or total
blockage of the cardiac arteries, to predict and subsidize
appropriate therapeutic measures in response to unstable
myocardial ischemic syndromes without ST-segment
elevation. However, the test should not be used to screen
for ischemic disease in asymptomatic individuals, since
in this context, the test has low diagnostic accuracy;
generating false-positive results, dispensable additional
propaedeutics, incorrect treatments with unnecessary
costs, and risks.”

4. Different Types of Diagnostic Resources Used
Echocardiography is very useful to individuals who have
NSTEMI.® The indication of the echocardiographic study to
evaluate the left ventricular systolic function corresponds
to one of the main clinical applications of this diagnostic
method. Ventricular contractility represents the result of
a complex interaction between the contractile state of the
cardiac muscle and the pre-and afterload levels.®

Nuclear cardiology is important for individuals who
have STEMI, since the information obtained through
scintigraphy allows the assessment of myocardial
perfusion according to the location of coronary irrigation.
Myocardial scintigraphy with physical or pharmacological
stress is performed in patients with unstable myocardial
ischemic syndromes of low or intermediate risk after
resolution of a heightened condition.” In the context of
a critical care room or acute pain, the injection of the
radiopharmaceutical should be performed only at rest,
while the patient is still symptomatic, and the images must
be obtained within six hours. If the patient is considered to
be of low risk, a very low probability of subsequent cardiac
events is determined.'

Computed tomography angiography of the coronary
arteries constitutes a relevant resource in the evaluation
of individuals with clinical manifestation suggestive
of recent thoracic pain, especially in low and medium
risk individuals, being an assured procedure that allows
investigation of unstable myocardial ischemic, which
reduces hospitalization time and, eventually, the total
cost.!

5. Therapeutic Resources Used for the Treatment of
Coronary Syndromes

Studies have shown that the use of oxygen-based treatment
is capable of containing the progression of the obstructive
lesion.'? Its use is generally maintained until the maximum
period of four hours after the end of the pain discomfort.
The use of oxygen inadvertently causes an increase in the
formation of reactive oxygen species, paradoxical tissue
hypoxia, and absorption atelectasis.’

The treatment of pain decreases the consumption
of oxygen by the ischemic myocardium, caused by the
activation of the sympathetic nervous system. Analgesia
should preferably be done with intravenous morphine
sulfate — except for patients allergic to this drug - at the
initial dose of 2.0-8.0 mg (usually sufficient to relieve pain
and anxiety). With blood pressure monitoring, these doses
can be repeated at intervals of 5-15 minutes.” In case of
non-availability or hypersensitivity to the drug, morphine
sulfate can be replaced by meperidine sulfate, in fractional
doses of 20-50 mg.’

Nitrates can cause vasodilation of the epicardial arteries
even when affected by atherosclerosis. It mainly produces a
decrease in myocardial oxygen demand indirectly through
its hemodynamic effect.'*"> The reduction in volume
and the final diastolic pressure of the ventricles lead to
a reduction in the tension of the ventricular wall. . The
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tension of the wall is one of the main determinants of the
level of oxygen consumption by the myocardial fiber and
its reduction seems to be the main antianginal mechanism
of nitrates.

In the absence of contraindications, adrenergic beta-
blockers should be started immediately, preferably orally,
after the patient’s admission. To date, there are no data
on the systematic evaluation of its use in the prehospital
phase. A study has demonstrated lower rates of Q wave
AMI, congestive heart failure, and ventricular fibrillation,
without a marked increase in side effects.'®

The effectiveness of the use of beta-blockers in the
acute phase of myocardial infarction has been reassessed
by the results of studies that have not confirmed the
benefit previously described. In addition to causing more
prolonged hypotension and a greater number of cases of
bradycardia and cardiogenic shock, there was no reduction
in mortality. Today, it should be used more carefully in
venous administration.'®

Calcium channel antagonists have different actions on the
cardiovascular system that can be more specific and potent
in the systemic arterial coronary, coronary and myocardial,
or cardiac conduction system. This class of medication
promotes the regression of ventricular hypertrophy and
improves the diastolic performance of the left ventricle,
however, some may deteriorate systolic function in the
presence of myocardial insufficiency. It has been used to
try to control refractory ischemic symptoms in patients
already using nitrates and beta-blockers in adequate doses,
or in those who do not tolerate the use of these drugs, or
even in those with the syndrome of Prinzmetal. In patients
with impaired left ventricular function and/or changes
in atrioventricular conduction, these drugs should be
avoided.>”

Antiplatelet agents are essential once coronary
thrombosis has a prominent role in triggering and
progressing the symptoms of unstable myocardial
ischemic syndrome (UMIS), being necessary the use of
antithrombotics in the treatment of individuals who have
such clinical conditions. Salicylates are excellent weak
acids that cross cell membranes with relative ease and can
be prescribed regularly unless the patient has an allergy
to the drug or some degree of active bleeding from the
gastrointestinal tract.!®

Clopidogrel is indicated for adult patients as secondary
prevention of recent atherothrombotic events (AMI,
stroke, and vascular death or peripheral arterial disease).”
The double dose of clopidogrel was also not evaluated
in patients who received thrombolytic therapy or were
treated without reperfusion and should not be used in
these patients.?

Antithrombinics and anticoagulants are drugs that inhibit
the generation of thrombin and/or its activity. The use of
anticoagulants in ACSs is an area of active investigation.”
It is difficult to reach definitive conclusions about the best
anticoagulant strategy, due to different treatment times,
uncertainty about equipotent anticoagulant doses, and

different anti-aggregating drugs used in the studies.?> Low
molecular weight heparins are obtained by depolymerizing
unfractionated heparin (UFH) s and selecting those with
lower molecular weights (between 2000 and 10000 Da).
They have better subcutaneous absorption, less protein
binding, less platelet activation, and a more predictable
and reproducible effect.>**

Fondaparinux is a synthetic pentasaccharide analog
to the antithrombin binding site present in the heparin
molecules. It acts by neutralizing the Xa factor and, thus,
prevents thrombin generation. This medication has
excellent bioavailability after subcutaneous injection and a
plasma half-life of 17 hours, which allows its administration
once a day. In short, fondaparinux proved to be safer for
patients with ACSs.*%

6. Other Diagnostic Resources for Cardiovascular
Monitoring

Hemodynamic and cineangiocardiographic  study
allows direct visualization of coronary lumen, with an
assessment of the extent and severity of obstructions, and
analysis of systolic and diastolic ventricular functions.
The examination may also include an evaluation of the
functional significance of the anatomically detected
lesions, by direct measurement of the fractional coronary
flow reserve.?

The stress echocardiogram exam consists of intravenous
administration of dobutamine, dipyridamole, with
simultaneous recording of left ventricular images by
echocardiogram. The main indication is in the investigation
of myocardial ischemia, particularly in individuals with
difficulties to perform physical exercises or individuals
whose layout makes it difficult to analyze the ST segment
(previous changes, conduction disorders). Another
indication is in the research of myocardial viability.?

The development of contrasts containing microbubbles
of smaller diameter and greater stability, associated with
technological advances, such as the intermittent harmonic
image and the image with low mechanical index, allowed
the study of myocardial perfusion by echocardiography?

Myocardial perfusion scintigraphy is a non-invasive
method developed over 30 years ago, which can
demonstrate the extent and intensity of myocardial
perfusion abnormalities early and with high precision,
which can often have an important association with
adverse events. A normal scintigraphy results in a risk
of cardiac events of less than 1% per year, giving an even
greater prognostic value to the method.’

Nuclear angiocardiography is obtained by synchronizing
the tomographic scintigraphic = study with the
electrocardiogram (ECG). Thus, it is possible to assess
regional systolic function and estimate ventricular ejection
force, adding more diagnostic and prognostic information.?

Cardiovascular magnetic resonance is a technique
based on the use of radiofrequency in tissues submitted
to a magnetic field, it does not use ionizing radiation or
nephrotoxic contrasts, being one of the safest methods in
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cardiovascular diagnosis.*

7. Risk Stratification for a Better Approach to Acute
Coronary Syndromes

Risk stratification must be conducted by establishing a
continuous process that includes initial clinical evaluation,
availability of subsidiary exams, and complementary
methods described in this review article.” It is worth
noting that the benefit observed with the “interventionist”
strategy tends to be greater in the long-term follow-up when
compared to the initial phase, in which, paradoxically, the
risk with the use of this strategy may be greater.”®

The prognosis of the ACS is very variable and the risk
stratification is intended to estimate the risk of AMI and
death from cardiovascular causes. Furthermore, it implies
better targeting therapies for patients at higher risk for
adverse cardiovascular events and also defines the best
treatment strategy to avoid unnecessary interventions and
adverse effects that harm low-risk patients.”

Prognostic information is obtained through careful
clinical evaluation and the evolution of patients during
the first days and the patient’s response to anti-ischemic
and antithrombotic treatment when they are admitted to
the hospital. There are several risk stratification scores
that can predict death or AMI in ACS. Among the most
used nowadays, the GRACE and TIMI scores stand out for
being feasible and accessible.™

Patients with an ACS without low-risk ST-segment
elevation do not benefit from PCI, unless myocardial
ischemiais found in non-invasive functional tests.”* Exercise
testing (ET) is the method of choice in the evaluation of
patients with low-risk AI in most cases. Imaging methods
(stress echocardiography and myocardial scintigraphy)
have a diagnostic performance similar or superior to TE,
but with a higher cost.?®

In this group, the results are similar, both in the initial
conservative approach and in the invasive therapeutic
strategy. The advantage of the initial conservative strategy
is that several patients stabilize themselves with clinical
treatment, avoiding costs and possibly unnecessary
invasive procedures.**

A patient with an ACS without low-risk ST-segment
elevation with an intermediate risk of a new event may be
subjected to non-invasive risk stratification or invasive risk
stratification. The non-invasive stress test is recommended
for this patient as long as it is free of ischemia at rest or with
minimal effort for at least 12 hours.”

The invasive strategy in high-risk patients reduces
the rates of AMI, severe angina, and long-term
rehospitalization. Such patients should go directly to
angiography without a non-invasive test.*

The invasive strategy is indicated for patients with high-
risk criteria, with coronary angiography performed within
72 hours (preferably up to 24 hours if there are multiple
risk factors) and subsequent revascularization, if necessary.
High-risk ischemic patients with refractory angina,
associated with heart failure, arrhythmias, or hemodynamic

instability should be considered for emergency coronary
angiography (<2 hours).”

8. Surgical Resource of Myocardial Revascularization
Also known as bypass surgery, myocardial revascularization
surgery is a procedure whereby the surgeon uses a segment
of artery or vein to divert blood from the aorta to the
coronary arteries. Most of these procedures are performed
with cardiopulmonary bypass, that is, with the aid of
equipment, which replaces the functions of the heart and
lung during surgery. In some cases, it is performed with the
patient’s heart beating and the lung functioning normally.’?
It presents a greater possibility of obtaining complete
revascularization when compared to angioplasty. Its
benefit deserves to be highlighted especially in those
groups of patients with diabetes mellitus or with changes
in ventricular function.’?

9. Conclusion

Risk stratification and early diagnosis of these myocardial
ischemic syndromes are essential conducts that must be
taken without delay in the first 12 hours after hospital
admission to avoid early mortality in the general
population. Most deaths from AMI occur within the first
hours of the event, and approximately 80% of cases occur
within 24 hours of the event. Thus, it is essential that the
entire propaedeutic, diagnostic and therapeutic structure
necessary for individuals with these clinical conditions
be available so that they are treated in an appropriate and
timely manner.

Despite the incorporation of nuclear cardiology
resources, modern and sophisticated equipment, new
radiopharmaceuticals, and more advanced computer
programs to support the care of coronary care units, a large
part of these resources can only be found in large Brazilian
cities, given the socio-economic and technological
deficiency of the country’s health system, which is unable
to structure and organize the demand for this flow of
patient care satisfactorily.

In our environment, the greatest difficulties faced by our
hospitals and coronary urgency and emergency units is the
unavailability of many of these indispensable diagnosticand
therapeutic resources (equipment, devices, instruments,
materials, specific medications, and qualified and trained
labor), which often harms the correct risk stratification for
the proper approach of patients with the suspected ACS,
making the implementations of the protocols unfeasible.

This problem is a major challenge for Brazil, a country
with continental dimensions that suffers from serious
structural and operational bottlenecks. Despite the
relevant cost-benefit aspect of the implemented protocols,
the large-scale use of invasive and non-invasive methods
described in this review article is restricted. It is observed
that many of these resources presented are not yet available
in many Brazilian regions, despite the great repressed
demand for such procedures, which has aggravated the
current situation and prevented comprehensive and
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Review Highlights

What Is Already Known?

ACS represents the main cause of death in the world,
being among the pathologies with the greatest
clinical and financial impact. Most cases of AMI are
caused by the occlusion of a main coronary branch,
being motivated by smoking, arterial hypertension,
dyslipidemia, diabetes mellitus, in addition to a family
history of early CAD (men <55 years old and women
<65 years old).

What Does This Study Add?

This review article synthesizes the knowledge that
ACS requires a critical medical approach with hospital
diagnostic and therapeutic resources for assertive risk
stratification and the respective selection of patients who
are candidates for revascularization. The first step is the
chest pain protocol with ECG, and for some patients,
there are several methods proposed for stratification.

resolutive care for patients with acute coronary disease
by the government, and because of a budgetary, technical,
political, and geographical deficit. On the other hand,
although in some places where such equipment and
services are available, unfortunately, these cannot yet be
considered routine procedures due to the inefficiency of
the health system itself.
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